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FOREWORD

The technical aspects of oil shale development have been studied and

discussed for over 50 years, but it has been only recently that the environ

mental aspects of development have received the attention they deserve.

Topics of papers presented at this special environmental symposium range

from pioneer revegetation studies conducted in the 1950s to preliminary

data being taken two decades later to establish the base levels of potential

environmental pollutants in the oil shale areas. This information will estab

lish a source of data useful to everyone planning the development of oil

shale operations.

One common theme present in the papers on collection of base data

is the unnecessary amount of replication and
"overkill"

required by the

present environmental impact study requirements. The results are the

collection and reporting of large quantities of data whose cost/benefit ratio

is extremely high. Hopefully their reporting will give a basis for determin

ing guidelines for revision of the present laws to require the collection of

necessary data with increased efficiency so a minimum of replication and

a substantial reduction of incidence of "below minimum detectable
level"

data are achieved.

As always the success of the symposium is due to the interest and

dedication of the authors of the papers and the support of their employers

which permits and encourages them to make the results public. Special

thanks are due to Dr. Fred N. Kissell, U. S. Bureau of Mines, who sub

mitted his paper for publication in these proceedings even though he was

unable to attend the meeting and to Jon Raese who provided prompt and

efficient publication of the proceedings. Finally, the presentation by
Burman Lorenson, oil shale coordinator for Colorado, was not available

for publication since Mr. Lorenson spoke informally from notes.

James H. Gary

Vice President for Academic Affairs

Colorado School of Mines



 



THE OIL SHALE ENVIRONMENTAL ADVISORY

PANEL, THE ENVIRONMENT, AND THE FEDERAL

PROGRAM-PAST, PRESENT AND FUTURE

William L. Rogers

INTRODUCTION

"Six hundred billion barrels of oil-the national interest demands that
it be

developed."

"Oil shale development will turn the Rocky Mountains into a waste
land."

"Oil shale development will improve a desolate
area."

"Oil shale development over my dead
body!"

These familiar statements underline the people's concern regarding
oil shale development. The Department of the Interior has responded by
establishing the Oil Shale Environmental Advisory Panel.

We will review the program which occasioned the establishment of

the panel, the panel's work to date, and future plans.

THE OIL SHALE AREA

Oil shales are located in many places throughout the world. We are,

however, principally concerned with those of the Green River Formation

in the three-state region of Colorado, Utah, and Wyoming.

This oil shale region is large and diverse totaling about 25,000 square

miles (16 million acres), of which some 17,000 square miles (11 million

acres) are believed to contain oil shale of potential value for commercial

development. The oil shales underlie several broad areas of high plateaus,

plains, isolated mesas, and broad topographic basins. The outline of the

oil shale lands in the three-state region is shown in figure 1.

The three-state oil shale region is sparsely populated and relatively

isolated. The population of the area was approximately 119,400 in 1970.

Average population density is approximately three people per square mile.

William L. Rogers, special assistant to the Secretary of the Interior, Missouri Basin

Region, U.S. Department of the Interior, Denver, Colorado.
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Figure 1.Oil shale areas in Colorado, Utah, and Wyoming.

The major communities in or adjacent to the oil shale region are Grand

Junction, Rifle, Meeker, Craig, and Rangely, Colorado; Vernal, Utah;
Rock Springs and Green River, Wyoming.

Some 72 percent of the oil shale lands are federally owned and

contain about 80 percent of the oil shale resources. These lands are used

today for grazing, oil and gas, and other extractive mineral operations; by
wildlife; and for hunting and other recreation.

ENVIRONMENTAL QUESTIONS

The Department of the Interior has been engaged in the study of oil

shale for over 50 years. A new dimension has been added to our consider

ation of oil shale in recent years,
howeverthat of the potential environ-
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mental effects of its developmentand not only the direct physical impacts
but also the indirect effects on people, i.e., the socio-economic aspects of

development.

The major environmental questions concerning oil shale development

are as follows: What will be the effects of utilization of substantial

amounts of the regions water? Can water and air pollution be prevented?
Is it possible to rehabilitate and revegetate mined and waste disposal areas?

Can the region's deer and other wildlife resources be preserved? What will

be the result of an influx of new residents to this sparsely populated area

and can a healthy economy and attractive living conditions be maintained?

THE PROTOTYPE PROGRAM

There has been no modern commercial development of United States

oil shale. A 1968 effort to test the prospects for development of federal oil

shale resources through a limited test leasing program was unsuccessful.

Approximately 1 year later, the Interior Department reexamined the 1968

effort, the state of technology, and the nation's energy supply picture to

assess the prospects for initiating a successful oil shale leasing effort.

The present Prototype Oil Shale Leasing Program was developed with

the following objectives:

( 1 ) Provide a new source of energy to the Nation by stimulating the

development of commercial oil shale technology by private in

dustry;

( 2 ) Insure the environmental integrity of the affected areas, and, con

currently, define, describe, and develop a full range of environ

mental safeguards and restoration techniques that can reasonably

be incorporated into the planning of a mature oil shale industry;

(3) Permit an equitable return to all parties in the development of

this public resource; and

(4) Develop management expertise in the leasing and supervision of

oil shale resource development in order to provide the basis for

future administrative procedures.

The program is limited and prototype in nature, involving the offer

ing for lease of six tracts of federal oil shale lands in 1974two each in

Colorado, Utah, and Wyoming. The tracts were offered singly for com

petitive cash bonus bidding. The results of the lease offerings were

startling, drawing very substantial bonus bids (table 1). The two Colo

rado tracts offered in January and February 1974 and the two Utah tracts

in March and April were leased. No bids were submitted on the two Wyo

ming tracts in May and June 1974.
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Table 1Results of prototype oil shale lease
offerings

Date Tract High Bid Lessees

January 8, 1974 Colo.

C-a

$210,305,600 Standard Oil of

Indiana

Gulf Oil Corp.

February 12, 1974 Colo.

C-b

$117,778,000 Atlantic Richfield

Ashland Oil

Shell Oil

The Oil Shale Corp.

March 12, 1974 Utah

U-a

$ 75,596,800 Sun Oil Co.

Phillips Petroleum

April 9, 1974 Utah

U-b

$ 45,107,200 White River

Shale Oil Corp.

May 13, 1974 Wyo.

W-a

No bids received

June 11, 1974 Wyo.

W-b

No bids received

Exacting environmental protection requirements are included in the

leases, which provide for government approval of development plans and

for adding further environmental requirements if needed at a later date.

Full compliance with state and federal pollution and environmental quality

laws is required.

The federal government would like to see all the major oil shale

development techniques tested on a commercial scale. One potentially

environmentally attractive process, that of recovering oil from the rock in

place or in situ is not expected to be used on any of the four tracts which

have been leased. It had been expected that the Wyoming tracts, if leased,
would have been developed by in situ processes. The selection and leasing
for in situ development only of two additional oil shale tracts have been

proposed. Nine tracts in Colorado and Utah have been nominated and

are being reviewed to decide which tracts should be considered for leasing.
This effort would fill out the prototype program to a total of six leases

and insure the testing of the major development technologies.

THE PANEL CHARTER

The Department of Interior has over the years worked with a variety
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of advisory groups, some strictly technical with members drawn from in

dustry and the scientific community, some made up of members drawn

from user groups such as the old grazing district advisory boards, some
of which are citizen groups. With the recognition of the community of

oil shale interests shared by other federal, state, and local government

agencies, and the public, combined with the nature and goals of the proto

type program, Interior has embarked on a new experiment in advisory

groups, that is, the Oil Shale Environmental Advisory Panel which I serve

as chairman.

The Oil Shale Environmental Advisory Panel was established by the

Secretary of the Interior, Rogers C. B. Morton, with the issuance of its

charter on February 27, 1974, after the first two oil shale lease offerings

were successful. It operates under the provisions of the Federal Advisory
Board Act (PL 92-463) and the Office of Management and Budget Cir

cular A-63.

Membership on the panel ( fig. 2 ) as provided by the charter includes
one member each from nine bureaus and offices of the Department of the

INTERIOR OTHER FEDERAL

FISH AND WILDLIFE, GEOLOG
ICAL SURVEY, LAND MANAGE

MENT, MINES, OUTDOOR

RECREATION, PARK SERVICE,

RECLAMATION, SOLICITOR

AGRICULTURE, COMMERCE,
ENVIRONMENTAL PROTECTION

AGENCY, H.E.W., H.U.D.,
TRANSPORTATION

TWO EACH FROM COLORADO
UTAH & WYOMING REPRESENT-

ING STATE GOVERNMENTS

STATE

RIO BLANCO, COLORADO

SWEETWATER, WYOMING

UINTAH, UTAH

COUNTY

Figure 2.Panel membership.
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Interior. Other federal members represent the Departments of Agriculture;

Commerce; Health, Education, and Welfare; Housing and Urban De

velopment; Transportation; and the Environmental Protection Agency.

The governors of each oil shale state may nominate three members-two

of whom shall be state employees or legislators and one from among

persons active in environmental matters. Each oil shale county may

nominate one member who may be an employee of that jurisdiction. The

nominees are appointed to the panel by the Secretary of Interior, with an

additional three public members to be appointed by the Secretary from

among persons active in environmental
matters. The chairman is appointed

by the Secretary.

A full-time executive director and a secretary are provided as staff for

the panel.

The objective of the Oil Shale Environmental Advisory Panel is to

advise responsible officials of the Department of the Interior, particularly

the mining supervisor of the Geological Survey and the appropriate
district

managers of the Bureau of Land Management. Advice is offered in the

enforcement of provisions of the prototype oil shale leases for the protection

of the environment with particular emphasis on the enforcement of the

oil shale lease environmental stipulations. The Assistant Secretary for

Land and Water Resources, to whom the panel is responsible, has also

asked the panel to review and advise on alternative sources of water for

oil shale development and on the proposal to accelerate development of

in situ oil shale technology.

THE FIRST YEAR: OPERATING PROCEDURES

Given the charter and the 29 members of the panel from diverse

backgrounds, the first question to be resolved was, How can a group like

this operate effectively? With the assistance of members of the panel,

four principles of operation were established, which I believe are important

to the panel's success.

First, the panel operates by consensus rather than by "Robert's Rules

of
Order."

Only as a last resort has advice of the panel been finalized on

the basis of a vote. It seemed to be vitally important to take the extra

time necessary to insure common understanding of a given situation by
all members of the panel. There were those who predicted failure of

such a policy, but our experience is that in over 1 years operation of the

panel, all our advice has been based upon a consensus of the panel, except

in two cases, which are discussed later in this paper.

Second, because of the size of the group, it is not practical for the

initial review of matters brought to the attention of the panel to be con

ducted by the total panel. Therefore, an ad-hoc committee was established
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to review a given submission and advise the panel toward a consensus. To

avoid rigidity, the rule was established that there would be no permanent

subcommittees of the panel. The committee structure is geared to the

particular assignments given to the panel by Interior officials, and in this

way the chairman has the flexibility to appoint a committee suited to the

particular requirement.

The third operating procedure established was to give attention to

keeping the panel abreast of developments in the oil shale fieldboth

significant studies and analyses by workers in the field and actual develop
ments on the tracts through site visits. A part of each meeting has been

devoted to this purpose. A list of facilities the panel has visited and re

ports it has heard is shown in table 2.

The fourth operating procedure of importance is that all activities of

the panel are open to the public. All meetings of the panel, meetings of

subcommittees of the panel, most field trips, and files are open to public

participation and inspection. We are a little disappointed that the public

has spent so little time pouring over our files.

THE FIRST YEAR: TECHNICAL WORK

The work of the panel so far may be conveniently classified as being
panel-initiated, lease-initiated, and Interior Department-initiated.

Guidelines

At the first meeting in Denver, April 15, 1974, the panel initiated an

immediate effort to provide constructive guidance to Department officials.

The chairman proposed and the panel agreed to the formulation of guide

lines, a form of continuing advice in areas of major environmental concern

for the day-to-day use of the responsible field officials of the Geological

Survey and the Bureau of Land Management.

First, it was necessary to agree on what the major areas should be

(fig. 3). Initially considered were:

Surface disturbance and effects

Rehabilitation and revegetation

Wildlife

Air quality

Water

Historic sites, antiquities, and aesthetics

Through discussion by the panel members, it was concluded that a

major omission was the area of socio-economic or
"people"

impacts. Fur

ther discussion led to some consolidation and redefinition of topics as well
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Table 2.Oil shale environmental advisory panel

FIELD INSPECTIONS

Colorado Lease Tracts C-a and C-b May 1974

Utah Lease Tracts U-a and U-b June 1974

Paraho Operation (Anvil Points) July 1974

Colony Development Operation July 1974

Bureau of Mines Experimental Retort Site

(Laramie) Sept. 1974

Colorado Lease Tract C-b May 1975

Utah Lease Tracts U-a and U-b June 1975

Colorado Lease Tract C-a Aug. 1975

TECHNICAL BRIEFINGS

Occidental Oil's Modified In Situ

Process Sept . 1974

Bureau of Mines (Now ERDA) Oil Shale

Retorting Research Sept. 1974

Federal Government Project Independence

Oil Shale Report Oct. 1974

Hydrologic Study of the Piceance Basin

by USGS Jan. 1975

Bureau of Mines Oil Shale Mining
Research Program Jan. 1975

Proposed Accelerated Oil Shale In Situ

Research Feb. 1975

Tar Sand Resources of the Uintah

Basin, Utah Feb. 1975

Oil Shale Revegetation Study by
Colorado State University May 1975

Regional Development and Land Use

Planning Study for Northwestern

Colorado June 1975

SCS New Plant Materials Center at

Meeker, Colo. June 1975

Environmental Inventory and Impact

Analysis for Piceance Basin by

Thome Ecological Foundation Aug. 1975

as that addition. As finally adopted, the guideline subjects are:

Surface disturbance and rehabilitation

Wildlife and grazing

Air quality

Water availability and quality

Historic sites and antiquities

Socio-economic factors
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INITIALLY CONSIDERED ADOPTED BY PANEL

SURFACE DISTURBANCE AND EFFECTS
-^_^^

SOCIOECONOMIC FACTORS

~~~^>^ SURFACE DISTURBANCE AND REHABILITATION

REHABILITATION AND REVEGETATION

WILDLIFE ^. WILDLIFE AND GRAZING

AIR QUALITY ^ AIR QUALITY

WATER ^ WATER AVAILABILITY AND QUALITY

HISTORIC SITES. ANTIQUITIES AND AESTHETICS ? HISTORIC SITES AND ANTIQUITIES

Figure 3.Areas of panel advice.

Work groups were named to develop guidelines for adoption by the

panel. Upon adoption, these guidelines were transmitted as memoranda

from the chairman and are intended as preliminary advice to Interiors

field officials during the exploration and data-gathering phases of the
lessees'

operations. Revision or expansion is possible at some future date

to cover development and production phases of the oil shale operations.

The guidelines do not supersede provisions of the oil shale leases or permits,

but are intended to amplify environmental provisions and help guide field

officials in their enforcement.

Revtew of Lease-initiated Matters

The lease-related plans and actions which have come before the Oil

Shale Panel for review ( always upon referral by the area oil shale super

visor or the appropriate district manager) have fallen into four general

classes. First were the exploration plans of the lessees which include

numerous programs and actions. Second have been off-tract rights-of-way

for powerlines to serve the initial exploration, data-gathering, and monitor

ing installations. Third have been permits for various off-tract monitoring

facilities or data collection programs. Fourth are off-tract road construction

or improvement proposals.

Each of these items has been reviewed by all panel members. Con

currently recommendations for panel advice were formulated by a work

group. With respect to the exploration plans, the advice focused on a

number of aspects of environmental concern. An initial recommendation

was that environmental inventories be made of proposed sites and routes

before the exploration work began. A careful review of proposed sites

and their location was advised in order to minimize impacts and maximize

rehabilitation results. This involved such things as minimizing new road

construction, location of drill pads in less erodible sites, location of sludge

pits where they could not drain into stream courses, impoundments of
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any saline waters produced from wells drilled, etc. Specific recommenda

tions were made on core analysis, logging techniques, seismic programs,

elements to be analyzed for surface and underground water tests and

sampling techniques, including such things as trace elements in cores and

vegetation. Meteorology and air quality programs were carefully reviewed

as well as the adequacy of soils and vegetation studies. Relative to wild

life, the interrelationships of baseline data, monitoring, and fish and

wildlife management plans were given careful attention. Recommenda

tions were made on noise level monitoring during various stages of develop
ment.

Principal concerns expressed by the panel with regard to powerline

rights-of-way and construction were routing and minimization of related

surface disturbance and proper design to prevent electrocution of raptors,

the oil shale region being an area frequented by eagles and other large

birds of prey.

Off-tract monitoring sites reviewed have included surface and under

ground water monitoring facilities related directly to the lease tracts and

also for possible off-tract plant and disposal sites. Advice similar to that

offered for on-tract activities was reiterated.

With regard to new access roads and improvement of existing roads,

the panel has taken the position that such work should be limited to that

required for safety until the ultimate corridors for commercial develop
ment are determined.

Review of Interior Department-initiated Matters

The area oil shale supervisor requested panel review of proposed

modifications of oil shale lease stipulations to eliminate the requirement

for collection of meteorological data at ground level, and to require hu

midity measurements at only one point on the lessee's meteorological tow

ers. After review and discussion, the panel concurred in these changes.

At the request of the area oil shale supervisor, a contract study on

detailed development plan formulation was reviewed relative to its com

patibility with previous panel advice. One recommendation was that the
"DDPs"

be designed to exclude proprietary information so that they can

be public documents in their entirety.

A separate category of matters reviewed by the panel has been special

requests from the Office of the Secretary for advice on oil shale matters

not related to immediate lease tract operations. The first of these was a

request from the Assistant Secretary of the Interior for Land and Water

Resources on August 2, 1974, for panel review of a Bureau of Reclamation

study, Alternative Sources of Water for Prototype Oil Shale Development,
Colorado and Utah.

After detailed review and spirited debate at the Park City, Utah,
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meeting in October 1974, consensus was reached on six recommendations

and a vote taken on a seventh which was favored by a majority of the

panel members.

The panel recommendations were lengthy and detailed. Briefly sum

marized, they were that evaluation should not be limited to any individual

projects or sources; that a regional study should be conducted under

federal leadership, but involving state and local governments and Indian

tribes; that the study should include environmental-impact analysis,

should be directed toward meeting maximum production levels from the

prototype leases and to serve other multiple uses, such as community and

Indian needs as well; further, it was recommended that where possible,

water development and transportation facilities should be combined to

serve more than one oil shale operation so as to minimize the number of

water developments.

The second of the special requests for panel advice concerned a pro

posed "Strategy to Stimulate Oil Shale Development by In Situ Process
ing."

The proposal involved a significantly accelerated government re

search program concurrently with the selection and offering for lease of

two additional tracts of federal oil shale land for development by in situ

methods only.

After lengthy discussion and debate, the panel at its Salt Lake City,

Utah, meeting in February 1975 adopted the recommendations of its work

group wtih a single dissenting vote. Those recommendations to the Office

of the Secretary of the Interior were:

( 1 ) That the panel endorses the need for such a program.

(2) That the proposed approach has merit and should be pursued.

(3) That the panel be asked to develop on a continuing basis recom

mendations for environmental safeguards, as for example, on

eventual site selection, the lease, bidding system, etc. Certain

types of lands or specific areas might be identified and precluded

from consideration for leasing.

EXAMPLES OF PANEL IMPACTS

It would be difficult to itemize specifically all areas where the advice

of the panel has affected activities of the lessees and the officials of the

Department of Interior. We can cite some, however. New roads and

trails have been minimized. Elements to be sampled in water and air

monitoring programs have been added to those initially proposed. A micro-

environmental study program has been initiated by one operator. Power-

lines are being constructed so as to prevent electrocution of eagles and

other large birds of prey. Panel advice to the area oil shale supervisor on

various elements of the
lessees'

exploration and data programs assisted him
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in developing conditions of approval, thus improving those programs. On

occasion, experts on the panel have identified inconsistencies and redun

dances in data collection which have helped refine and make the programs

more useful. The panel has offered an adage in this area, "No data for

data's
sake,"

which has helped keep these efforts in proper perspective and

led to the elimination of some useless requirements.

The panel guidelines on wildlife and grazing were used by all lessees

in developing their biologic baseline data collection programs. Comments

and suggestions on the early quarterly summary reports of the lessees have

helped to shape them into more useful and informative documents. After

the panel's review of alternative water sources for oil shale, a multi-objec

tive planning effort was initiated and is being carried forward under lead

ership of the Bureau of Reclamation along the lines recommended by the

panel. Again, after panel review the new in situ effort has been initiated

and, as specifically recommended by the panel, it will review and advise

the Department on that program.

In reviewing the one and one-half year history of the panel, it is

interesting to note that on a number of occasions, suggestions were made

that the panel involve itself in activities considerably beyond the scope of

its charter. On one occasion several members felt that the panel should

become involved in the environmental impacts of the Colony oil shale

development, a venture contemplated on private land and completely out

side the scope of the federal Prototype Program. On another occasion it

was suggested that the panel review the study led by the Federal Energy

Administration, which analysed the part oil shale could play in Project

Independence. Other suggestions call for the panel to involve itself in

strictly legal questions, such as Interior authority to authorize use of federal

lands in addition to the leased tracts and the interpretation of various lease

provisions. It was necessary for the chairman to reiterate that the panel

charter limits its activities to providing advice to line officials of the De

partment of the Interior on environmental aspects of the federal Prototype

Oil Shale program, and that the panel must concentrate on performing

within its charter.

THE YEAR AHEAD

Within the coming year the panel will be asked to provide advice

to the area oil shale supervisor on detailed development plans submitted

by the lessees. Herein is the very heart of the panel's activity. Effects of

exploration plans represent minor environmental impacts compared to the

actual development of the tract, the disposal of spent shale, the construc

tion and operation of retorts with attendant impacts on the environment,

and other potential impacts of a full-scale operation.
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The panel is gearing itself for responsive action in providing advice

on the detailed development plans. We have established six functional

ad-hoc work groups in the areas of principal environmental concern

whose responsibility will be to review each of the detailed development

plans in their area of expertise. These six work groups are shown in figure 4.

In addition, we have established three ad-hoc work groups, one for

each of the tract operations, C-a, C-b, and for U-a and U-b combined.

Their function will be to review the detailed development plans for the

total effect on the environment and give advice from an overall tract

SURFACE DISTURBANCE
AND REHABILITATION

AIR QUALITY

WILDLIFE WATER SUPPLY

AND QUALITY

SOCIOECONOMIC

FACTORS

ARCHEOLOGICAL

AND HISTORIC

SITES

TRACT C-A TRACT C-B

TRACTS U-A AND U-B

Figure 4.Oil shale environmental advisory panel work groups.
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specific point of view. These work groups are also shown in figure 4.

Pending the submission of the detailed development plans, all nine

work groups are preparing themselves by reviewing the quarterly progress

reports that the lessees submit to the area oil shale supervisor on the

accumulation of baseline data.

It in interesting to note how the panel is involved in the total decision

making process for a detailed development plan. In figure 5 we show a

flow chart which relates the functions of the lessee, the area oil shale

office, the Oil Shale Panel, and the public to the preliminary phase, the

submittal and review phase, the decision phase, and the resubmittal phase

(if any) of detailed development plan activity.

We now examine the preliminary phase and the submittal and review

phase in detail. First, the preliminary phase. This phase occurs before

formal submittal of the detailed development plan for approval. Elements

of the detailed development plans (DDP), the baseline data report, and

other data are submitted by the lessee to the area oil shale office, which

reviews the information and submits it to the panel for review and pre

liminary comments. The panel input is referred back to the area oil shale

office, which prepares total comments and recommendations for considera

tion of the lessee.

In the submittal and review phase, the documents are finalized for

formal submittal to the area oil shale supervisor's office. After initial review

and modifications, as necessary, the area oil shale supervisor announces

the availability of the DDP and supporting material for public review,

refers the DDP to the panel for review, and schedules public hearings.

The output from the public hearings comes to the panel and the panel

provides advice in the light of DDP and in consideration of public com

ments to the area oil shale supervisor. The supervisor then completes the

evaluation document in consideration of panel advice and results of the

public hearings.

ASSESSMENT

The contribution of the Oil Shale Panel to a successful prototype oil

shale program remains to be seen and indeed will certainly best be judged

in the context of history. I believe, however, that the panel has made the

following positive contributions to the Prototype Oil Shale Program thus far:

(1) The Interior officials involved have been furnished with a set of

guidelines in areas of principal environmental concern which

have assisted them in administering the program to date.

(2) Federal-state relations and communications have been substanti

ally enhanced by state membership on the panel.
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(3) Public knowledge and awareness, and particularly the knowledge

and awareness of environmental groups as to the conduct of the

prototype program for the protection of the environment, has

been enhanced.

(4) Proposals of the lessees have received public attention in all

areas from construction of roads, to powerlines, to water im

poundments, to off-site spent shale disposal, and to all other

aspects of the operation.

(5) The panel has demonstrated an ability for the federal govern

ment, state governments, and representatives of the environ

mental community, to work cooperatively in achieving the objec

tive of all citizens of this nation to develop a means of supplying
the energy demand of the nation while protecting the environ

ment.

Questions have been raised in the course of the 'first year's panel

operation as to the cost of the panel, and more important, the cost effective

ness of the panel. The direct costs of the panel in the first year of its

operations were approximately $58,000. It is impossible to place a mone

tary value on the advice of the panel, but in consideration of the tremend

ous investment of the lessees and the immeasurable importance of proper

protection of the environment during oil shale development, I submit that

the cost of the panel's operation is minimal.

Whatever success the panel has achieved so far is heavily dependent

on three factors, which will also be of importance to success in the future.

First is the quality of panel membership. The high level of intelli

gence, integrity, and objectivity possessed by the members and their will

ingness to listen and learn while faithfully espousing their own points of

view are impressive.

Second is the unique ability of the executive director to keep the work

of the panel on track and to keep all members informed and abreast of

developments.

Third is the cooperation and responsiveness of the Interior officials

whom the panel advises and that of the lessees who have been willing to

publicly discuss and explain their plans and progress with the panel.

The real test of the panel's ability remains in the future. It is my in

tention, which I am sure is shared by the members of the panel, to work

conscientiously toward generation of advice on the detailed development

plans, which will enable the prototype oil shale program to proceed and

to produce sound answers to the environmental questions surrounding the

development of oil shale.
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THE POTENTIAL HAZARDS OF METHANE GAS

IN OIL SHALE MINES

Fred N. Kissell

ABSTRACT

A Bureau of Mines technique for measuring the methane content of

virgin coalbeds by degassing exploration drill cores has been used to esti

mate the methane content of oil shales. One site, where the core hole was

about /4 mile from an outcrop, showed negligible gas. However, at another

site where the core hole was 2/2 miles from the outcrop, the shale contained

about 16 cubic feet of methane per ton.

Comparison may be made with the Illinois no. 6 coalbed, which is

one of the least gassy deep coalbeds in the United States. A core at one

site, tested by the Bureau of Mines, gave 55 cubic feet per ton of coal

inplace. A coal mine close to this site exhausted 1.1 million cubic feet of

methane a day while mining about 9,000 tons of coal.

It is doubtful that a simple comparison will allow a prediction of

methane emission from oil shale mines; however, it does appear that deep
oil shale mines located some distance from outcrops may have methane gas

to contend with. The deep trona mines of southwestern Wyoming are

gassy, and this gas is believed to originate in oil shales that are interbedded

with the trona. Also, because oil shale mines will have large entries and

relatively low air velocities, the tendency of methane to accumulate in

layers may result in additional difficulties.

INTRODUCTION

The list of difficulties and headaches faced by any prospective oil

shale mining operation is already long enough, and I hestitate to add

another, namely, the potential hazard of methane gas and the possibility

that many oil shale mines will be classified gassy under state or federal

laws.

The experimental oil shale mine at Anvil Points has been operated for

many years without methane being detected in the ventilation air. Nor

Fred N. Kissell, U.S. Bureau of Mines, Department of Interior, Washington, D.C.

20241.
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has methane been detected at the in situ retort mine north of DeBeque.

However, these mines are located at outcrops and neither one has extensive

underground workings. Gas in the shale near outcrops has escaped into

the atmosphere over geologic time. Away from outcrops the situation is

quite different and it is reported that drillers recently working at explora

tion holes have in fact observed gas emissions on several occasions.

Coal mines have traditionally been the big methane producers, and

it is not unusual for a gassy coal mine to produce several million cubic

feet of methane a day ( Irani, Jeran, and Deul 1974 ) . The analogy between

coal and oil shale may be a poor one but at least it can serve as a starting

point: the gas output of several mines in the Pittsburgh coalbed adjacent

to the Monongahela River where it outcrops is shown in figure 1. Mines

Pittsburgh, Pa.

Figure 1.Map of southwestern Pennsylvania and northern West Virginia showing coal
mine methane emissions ( in cubic feet of methane per ton of coal mined ) .

Depth and distance from outcrop are also given.
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next to the river and with less overburden have lower gas emissions.

Those farther away and deeper become more and more gassy. It is possible

that much the same thing occurs in oil shales.

GAS CONTENT BY THE "DIRECT
METHOD'

Two years ago at the Bureau of Mines in Pittsburgh, we developed a

simple method of estimating the gas content of coalbeds by testing cores

taken during exploration drilling (Kissell, McCulloch, and Elder 1973).

This test, called the "direct involves dropping a 1 ft piece of coal

into a small canister as soon as the core is brought up. Methane bleeding
from the core is measured immediately by bubbling it into an inverted

graduated cylinder filled with water (fig. 2). The methane
"lost"

from

the core while it was being brought out of the borehole can be accounted

for by plotting the gas released versus time and extrapolating backwards

(fig. 3). After a few weeks the core essentially stops bleeding methane,

but still more gas can be obtained by crushing the core. The "lost
gas"

plus "canister
gas"

plus "crushed
gas"

equals the gas content of the coalbed

at the drill site. We have drilled enough of these cores close to coal mines

to obtain a rough correlation between coalbed gassiness and the amount

of methane emerging from the adjacent mine (fig. 4). This means that

Valve

1 5 psi gauge
Hose

Sample
- Inverted

graduated

cylinder

Pan of

,water

Figure 2.Sample container. Gas emission from gassy coal cores can be measured by
displacement of water.
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the direct method can be used to roughly forecast the methane emission

of a prospective coal mine.

The direct method test applied to oil shale cores may also give some

indication of how gassy oil shale mines will be, as shown by the following
preliminary tests. One oil shale core, taken a quarter mile from an out

crop, under 600 ft of overburden, and close to an existing
"nongassy"

oil
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shale mine gave an amount from the canister equivalent to 0.025 cm /g

and an amount from crushing equivalent to 0.089 cm3/g. For a second

core taken 232 miles from the outcrop and under 1,500 ft of overburden

the corresponding values were 0.49 and 0.28 cm3/g.

In both instances the core was degassed in the canister for 6 weeks.

Methane bleed from the core was so slow that the "lost
gas"

was nil. Be

cause the cores are so tight and impermeable, it is thought that the amount

released in the canister in the 6 weeks will be more representative of the

mine gassiness than the total amount consisting of "canister
gas"

plus

"crushed
gas."

For comparison, the coalbed gas contents shown in figure

4 range from 0.9 to 12.1 cm3/g.

THE ILLINOIS NO. 6 COALBED

A coal mine at the lower end of figure 4 might provide some basis for

comparison, and the Bureau of Mines has a considerable amount of data

from such a minethe Inland Mine in Jefferson County, Illinois, located

in the Illinois no. 6 coalbed. Holes have been drilled into the coalbed at

about 1,000-2,000 ft from this mine. A direct method test on the core gave

1.7 cm3/g (Kissell, McCulloch, and Elder 1973) and a drill stem test on

the coal gave 120 psi. When the holes were opened for flow, the methane

emission from the coal was roughly 100 ft3/day and the water flow was

roughly & bbl/day from each hole. All flow was from 7 to 9 ft of coal,

since the rest of the hole was cased and cemented.

One hole was hydraulically stimulated, and eventually rose to 6,000

ft3/day of methane.
The total methane emission from the mine is 1.3 MM ft3/day and the

daily tonnage is 10,000 tons (Irani, Jeran, and Deul 1974). At the working
face (Kissell and others 1974), immediate return concentrations were

mostly below 0.1 percent (4,000-6,700 cfm of air) but at some locations

peak concentrations were more than 0.25 percent. A noncoal mine with the

same emission and ventilation characteristics would be classified as gassy.

TRONA MINES

Methane has been encountered in the trona mines at Green River,
Wyoming. These mines are classified as gassy, and their experience with

methane may serve as a guide as to what can be expected at certain oil

shale mines. The reason for this is that trona is interbedded with oil shales

which are moderately rich in carbonaceous matter. Characteristics of two

of these mines, and these data are typical of the others, are given in table 1.

During development, relatively little gas is encountered. Most of the
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Table 1.Methane emission characteristics of two trona mines in south

westernWyoming

TRONA MINE TRONA MINE

No. I No. 2

Approximate depth 800 ft 1,500 ft

Daily tonnage 8,000 tons 10,000 tons

Daily methane 0.4 million ft3 2.6 million ft3

Methane concentration 0.1 % CH4 0.2 % CH4
(main returns)

gas is released when the roof is caved, indicating that it originates in adja

cent strata from the oil shale. Both mines are some 20 miles from the

nearest outcrop. Mine 1 is shallower, and does not deliberately cave the

roof, which may account for its lower gas emission. Five years ago, the

emission from mine 1 was only a sixth of what it is today; the main returns

were only 0.02 percent methane with slightly less air. This seems low, but

if a part of the mine were not ventilated for awhile it would not be difficult

for a few percent of methane to accumulate in some corner.

The fact that methane is encountered while mining trona is a strong

indication that oil shale mines which are deep and located far from any

outcrop will be gassy.

METHANE LAYERING

If in fact methane is emitted into oil shale mines, removing it may

involve some additional difficulties not normally encountered in coal.

Methane emitted at the roof of a mine tends to form in layers if the air

velocity is not high enough to entrain it. Tests performed in experimental

coal mine entries indicate that ventilation velocities of at least 100 ft/min

must be maintained if roof layering is to be prevented ( Leach 1962; Baake

and Leach 1962; Leach and Slack 1964). In a mine with very large open

ings and multiple entries, this represents a considerable quantity of air.

Thermal layers have been reported in large openings, especially in the

winter, when cold air sweeps into the mine and moves along the floor

while warm air at the roof may be stagnant or even flow in the opposite
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direction. The density difference between cold and warm air in under

ground mines cannot be very great, and it is not difficult to visualize a

methane layer under these conditions.

BUREAU OF MINES STUDIES

The Bureau of Mines is continuing to make direct method tests on oil

shale cores in the Piceance Basin and similar tests will be run on oil shale

cores taken from exploration holes close to trona mines 1 and 2. One ques

tion to be studied is whether a strong relation exists between methane

emission and kerogen content for the particular piece of core that goes into

the canister. This could cause a considerable scatter in the data. We are

trying to minimize this by selecting cores which are either in, or representa
tive of, the mahogany zone.

In performing direct method tests on oil shale cores, one additional

precaution has been necessary: fresh cores adsorb small quantities of

oxygen at the same time that they emit methane. A gassy coal core will

emit several liters of methane and the oxygen that it adsorbs can be con

sidered negligible. However an oil shale core may emit as much or less

methane than the oxygen adsorbed and so little or no gas will bubble out.

In such instances, the methane release can be calculated by also knowing
the canister free volume and making a chemical analysis of the gas in that

free volume. This is more reliable than depending on the graduated

cylinder alone, especially since the core may have been collected at a very

different altitude than that of the laboratory where the methane is allowed

to bleed off.

SUMMARY

Oil shale mines located at outcrops show no gas. Preliminary results

from the direct method indicate a rising methane level as oil shale mines

become deeper and more remote from outcrops. Results from trona mines

indicate that oil shale mines which are deep and located far from any

outcrop will be gassy. What happens in between is not known.

Meanwhile, it is important to gather as much data as possible. Direct

method tests can be run. Gas flow from holes can be measured. And drill

stem tests can be performed.
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A SIMPLE METHOD FOR EVALUATING

ALTERNATIVES TO A PROPOSED ENVIRONMENTAL

ALTERATION, ITS HISTORY, AND AN EXAMPLE

OF ITS USE IN OIL SHALE DEVELOPMENT

Clayton S. Gist, Rosielea Gash, F. Dwayne Nielson,
and Fred Weber

ABSTRACT

A survey of other literature is presented with a brief discussion of

several of the various environmental evaluation techniques. Subsequently,
the DARE (Decision Alternative Ration Evaluation ) model and its use are

presented.

The DARE model was used to examine potential of disposal sites of

processed shale on Tract C-a operated by the Rio Blanco Oil Shale Project.
Sixteen alternate spent shale disposal sites for Tract C-a prototype oil

shale project were identified. One was on-tract; 15 were off-tract.

An environmental evaluation was made of these disposal areas to

identify sites best suited for this purpose.

The DARE model was chosen to be the vehicle for this evaluation.

Nine major criteria containing 44 minor criteria were identified as important

to the decision-making process. These were evaluated by a nine-member

expert panel using the literature, input from numerous other professionals,

and on-site assessments. A detailed description is presented to enable the

reader to follow the procedures in step-wise fashion so that he may use the

model.

Four sites were determined to be environmentally superior: Rinky
Dink Gulch, 84 Mesa, Dry Fork, and Yellow Creek.
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INTRODUCTION

Following passage of the National Environmental Policy Act (NEPA )
of 1969 and subsequent legislation, preparation of environmental impact

statements for all proposed developments of "major federal

has been required. Many environmental impact statements have, unfor

tunately, been excessively wordy, highly padded and grossly insufficient,

especially when defining initial and future environmental impacts.

These insufficiencies have led to efforts on the part of many federal

and state agencies, private consultants and industry to develop more

efficient and responsive means of assessing environmental impacts.

As a result, a myriad of impact assessments procedures have been

devised. Methods vary from simple descriptive checklists to complex

matrix comparisons; from use of complex computerized modeling tech

niques to total lack of modeling. Some identify sources of impact; others

go further to predict future impacts and evaluate the total impact of the

development to the environmental system.

No attempt is made in this paper to present a comprehensive review

of all assessment techniques. A few of the more widely discussed or

interesting methods are reviewed to provide basic information related to

the diversity of approaches that have been suggested.
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This review is organized in the following manner:

( 1 ) a general literature review;

(2) an agency guideline section in which suggestion assessment tech

niques are reviewed;

(3) specific studies and approaches;

(4) the DARE system, its historical background, rationale of choice,

and its use.

LITERATURE REVIEW

Several good handbooks which discuss methods of impact assessment

and evaluation procedures are available. They include: "The Environ

mental Impact
Handbook,"

by Burchell and Listokin (1975); "Managing
the

Environment,"

by the U.S. Environmental Protection Agency (1973);
and "Environmental Impact Assessment Guidelines and

Commentary,"

by Dickert and Domeny (1974).

Note>|)orthy papers in Dickert and Domeny (1974) include Bishop

(1974) and Leopold (1974). Bishop (1974) discusses the uncertainties

in evaluation of environmental impacts and proposes consideration of the

"safe minimum standard to prevent irretrievable loss of environ

mental benefits. He uses a cost-benefit approach to determine if attain

ments of a "safe minimum is worth pursuing. Leopold (1974)
discusses the purposes of impact statements and the application of matrix-

type evaluations to preparation of statements.

An excellent review of approaches toward impact assessment was pre

pared by Dickert (1974). He classified assessment methods into three

types: identification, prediction and evaluation. Identification methods

specify range of impacts, describe components of the project, and single out

elements of the environment that may be affected by the project. Pre

dictive methods can be used to identify significant environmental modifica

tions, to forecast the quantity of these changes, and to estimate the prob

ability of the occurrence of the change. Evaluation methods are defined

as those which will allow determination of how user groups would be

affected by the project and those which specify preferred alternatives.

Burchell and Listokin (1975) defined a method of environmental

assessment as a means to arrange, present and evaluate the natural, eco

nomic, aesthetic, social and cultural effects of a proposed project. They
suggested the following hierarchy of assessment methodologies:

(1) multidisciplinary teams,

(2) checklists,

(3 ) assessment tables andmatrices,

(4) mathematicalmodels.
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In their opinion an assessment analysis should provide for:

( 1 ) as much quantification of decision-making information as possible;

(2) clear delineation of space and time factors;

(3) a set of parameters which characterize impacts at time of construc

tion and later;
(4 ) aminimal means of comparing impacts;

( 5 ) a means of identifying andmeasuring further impacts.

Identification methods discussed by Dickert ( 1974 ) included check

lists, matrix and network approaches. The California Office of Planning
and Research checklist was used as an example. This checklist contained

10 major categories, each of which was further divided into components.

The value of the checklist is the focusing of attention on factors which

should be considered, the flexibility and the easy-to-use summary format

(Dickert 1974). Its major disadvantage is the lack of specificity to indi

vidual projects. Dickert (1974) suggested improving the checklist by
developing specific checklists for various agency projects.

The Leopold et al. ( 1971 ) matrix was cited as the "best known cause-

effect matrix (Dickert 1974). Dickert (1974) was impressed

by the simple graphic display of significant effects, but was concerned that

this type of analysis precludes consideration of synergistic or secondary

effects.

Burchell and Listokin (1975) called the Leopold matrix the most

familiar of the matrix approaches. It provides a format of presentation, a

scale for numerical weighting and a matrix of existing conditions and

actions which could cause impacts. They criticized it, however, for omitting
the details of how evaluations and weights were derived.

The stepped matrix suggested by J. C. Sorensen in his Coastal Zone

Study was cited (Dickert 1974) as one means of overcoming difficulties

related to simple matrix analysis. H. T. Odum's energy diagram method

was also mentioned as a variation.

Another approach to impact assessment which is gaining the wide

approval of local governments is the McHargion land use suitability map

(Burchell and Listokin 1975 ) . The parameters which will affect land use

are mapped on a transparency. Best suited areas ( those with fewest over

lapping impacts ) will appear as light spots on the completed map. Varia

tions of this procedure are computerized mapping and provisions for un

equal weighting of parameters.

Predictive methods are probably most difficult to develop both because
of deficiency of available data and expertise of impact statement writers.

The expense related to the application of these methods is also a contribut

ing factor (Dickert 1974 ) .

Evaluation type methods are usually applied to the comparison of

alternatives (Dickert 1974). One system developed for this purpose is the
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Environmental Evaluation System (EES) developed for the Bureau of

Reclamation by Battelle Laboratories (1972). The basic Battelle system

and several derivatives are discussed in greater detail later in this paper.

Basically, it provides for assigning weighted values to a checklist of para

meters divided into four categories (ecology, pollution, aesthetics, and hu
man interest), and multiplying by environmental quality units to produce

a single numerical value. Values of parameters are arrived at by an expert

interdisciplinary team along a scale of 100. The resulting numerical value

is calculated for alternates and is used for comparison.

The system developed for evaluation of alternative highway align

ments in Georgia (Odum et al. 1971) is similar to the Battelle method

(Dickert 1974). The major difference is that it provides for the use of

short and long-term weighted values for each of the actual predicted im

pacts (Dickert 1974). This method is discussed in greater detail later in

this paper.

Dickert's ( 1974 ) major criticism of these two methods was the omis

sion of information on how the values were predicted or how disagreements

among the experts, if any, were settled. Also, bias reflecting interests of

the group cannot be avoided in these studies. Dickert ( 1974 ) questioned
the use of an aggregate, or single, index to represent the overall value,

since such an index clearly tends to conceal uniquely significant impacts.

The two methods that Burchell and Listokin (1975) cited as being
most complete and relatively inexpensive are the Georgia matrix (Odum

et al. 1971) and the Battelle Laboratories Method (1972). Of the two,

they preferred the Battelle method because it was funded by the Environ
mental Protection Agency, would probably be more readily accepted, and

it was adaptable to a wider range of environmental studies.

Dickert (1974) suggested consideration of a method which would

combine prediction and evaluation, such as the one developed by the Seattle

Corps of Engineers. Their procedure uses a repetitive process of making

proposals, defending them with factual advantages (pros), and specifying

disadvantages of competing alternatives (cons). Participation of local

citizens and agencies is encouraged.

More complex and expensive methods are the Ortolano, Isard and

Battelle methods (Burchell and Listokin 1975). The Ortolano study in

volved 25 experts, who worked for 1 year and developed a conceptual

framework for assessing impacts and preparing impact statements. The

framework was described as follows:

( 1 ) identify impacts in relation to time and space;

(2) develop initial forecasts on rule-of-thumb procedures and avail

able information;

(3) identify priorities and research needs, using forecasts as basis for

decision;
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(4) gather information, develop data banks and prepare final forecasts

of impacts;

(5) integrate final forecasts.

Isard's method included the development of an input-output model

(Burchell and Listokin 1975). Battelle Laboratories also developed a

trade-offmodel for use in Arizona.

The most comprehensive list of assessment methods appears in the

annotated bibliography prepared by Viohl and Mason (1974). Over 75

methods are listed with abstracts of each. Papers listed included complex

modeling approaches to those with no modeling and complex matrices to

"decreased availability of
functions."

They suggested comparing methods

by (1) kind of technique employed, (2) characteristics of the method,

and (3) how alternatives are evaluated.

AGENCY GUIDELINES

Regularly, local, state and national government agencies publish guide

lines for preparing impact statements suitable to their specific needs. Re

quirements to assess impacts of the proposed project and provide recom

mendations for alternative actions are common to these guidelines. In

order to standardize methods of assessment, many guidelines contain sug

gestions for evaluating impact. The level of detail varies a great deal.

A simple checklist of "factors that could be
affected"

was provided in

the "Guide to Preparation of Environmental Impact
Statements"

(Denver

Regional Council of Governments 1973). The suggestion was made that

these factors be rated in the following manner: positive, negative, no

effects; minor, moderate and high effects. Alternatives were to be de

scribed, with reasons for not using them.

Recommendations forWisconsin impact evaluation (Kusler and Alston

1972) included use of a flow chart and a "pool of to select alter

nates. The Leopold and Battelle methods were described and compared,

but neither was considered entirely satisfactory for evaluation of all parame

ters.

The Pennsylvania Department of Education (1973) published a

primer on impact for use by laymen which used an instructional flow chart

in decision making. The flow chart suggested things to do prior to the

decision, provided a group of questions that should be asked, indicated by
arrows the direction to proceed and suggested the ranking of solutions from

best to poorest. The flow chart was described as a first approximation of

the decision process which was neither exceedingly simple nor excessively
complex.

A paper prepared by Joint Federal, State, and Private Organizations
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Committee ( 1974 ) described a detailed procedure for evaluating impact.

This study was developed largely for use by fish and game agencies. Ten

steps are involved:

1) establish study guidelines;

2) define responsibilities;

3) specify subcomponents and evaluate resources without develop
ment;

4) inventory existing resources without development;
5 ) inventory future resources without development;
6 ) specify needs, planning objectives;

7 ) formulate plan formeeting needs;

8 ) evaluate environmental quality;

9) discuss gains losses, compensation, mitigation, prevention;

(10) evaluatemonetary costs.

Step 8 (the evaluation step) consisted of calculating the net habitat

units lost or gained. This is a rather lengthy seven-phase procedure which

involves use of transparencies and overlays, estimations of percentage of

habitat units lost or gained, graphic comparison of alternates, narrative

descriptions of alternates, and comparison with and without development

plans. The result of the study is a voluminous handbook of procedures.

An extravagant plan for environmental assessment is in its formative

stages (Greenfield 1973). This plan, sponsored by the EPA and known as

the Strategic Environmental Assessment System (SEAS), as envisioned,

will:

( 1 ) develop appropriate technology for setting and enforcing pollution
control standards;

(2 ) provide a full understanding of environmental impact;

(3) provide knowledge of what it costs to meet environmental quality

standards;

(4 ) provide knowledge of costs of notmeeting standards;

( 5 ) perform monitoring tomeet environmental goals;

(6) establish a means to forecast long-range effects of societal actions

to avoid adverse impacts.

SEAS will employ a complex mathematical model to aid in assessment

of alternates. Much emphasis will be placed on expert opinion.

SPECIFIC STUDIES AND APPROACHES

In addition to methods formulated for use by regulatory agencies, a

number of consulting firms and academic groups have developed evalua

tion techniques. These are in some cases funded by governmental agencies

and privately developed, while others were produced in response to specific
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projects.

One of the most often cited evaluation methods, as
mentioned earlier,

is the Leopold matrix (Leopold et al. 1971). This method was produced

by the U.S. Geological Survey in response to a request by Rogers Morton,

the past Secretary of the Interior. It uses an 88 by 100 square matrix of

conditions and characteristics of the environment and evaluates points of

concern on importance and magnitude on a scale of 1 to 10. Separate

matrices must be provided for each alternate. A major criticism is that this

method does not provide for any long-term effects or allow for synergistic

effects.

The Georgia method (Odum et al. 1971 ) was developed to compare

highway alternates. It is a linear combination of 56 component values

multiplied by a weighting factor. Data from 22 reports were used by the

study group. A mean Impact Index ( II ) was calculated for each route by

scaling the component values to produce commensurate numbers. Both

long and short-term impacts were considered. The impact indexes were

determined several times using randomly varying values to help reduce

bias of subjective judgments. The decision was then made on the basis of

the ranking order of the mean impact values of each alternate. Shugart

(in press) also discussed suitability indexes for evaluating highway route

alternatives. He compares the use of static additive models and dynamic

geometric models in developing suitability indexes for highways. He found

that application of mathematical formulae is not the primary problem area,

but rather, the determination of which variables to consider and in what

manner these variables should be scaled.

One of the early Battelle Laboratories methods (Whitman et al. 1971 )
provided for a 5-man team which selected 66 parameters for use in evalu

ating impacts.

This study was funded by the Bureau of Reclamation and was de

signed to evaluate water resources projects. It was published prior to field

testing with the recommendation that it be submitted to extensive field

testing.

A 12-step procedure was followed which led to a ranking scale for

an environmental evaluation system:

( 1 ) extensive review of literature;

(2) conceptualization of an interdisciplinary framework for compre

hensive, systematic environmental evaluation;

(3 ) field inspection of specific projects;

(4) interchange of ideas with agency personnel;

(5) development of a detailed framework for evaluating the environ

mental impacts;

(6) development of a comprehensive list of environmental para

meters;

(7) evaluation of each parameter in relation to agency needs;
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( 8 ) screening of all parameters to achieve consistency;

(9) determination of the relative significance of each component un

der consideration;

(10) development of a weighting or ranking scale for the EES based

on relative significance;

( 11 ) determination of conditions of application of the system;

( 12 ) determination of research needs.

Provision was made for red-flagging areas of unique or special concern.

An updated environmental evaluation system was published by Battelle

Laboratories several months later (Dee et al. 1972). It was designed to

be "comprehensive, systematic and
interdisciplinary."

Four major categories

(ecology, environmental pollution, aesthetics, and human interest) were

ranked on the basis of a score of 1000. They were then divided into 18

components, and each component was assigned a relative value from the

total assigned to the category to which it belonged. The components were

then divided into 78 parameters and assigned relative values or weights-

Parameter Importance Units (PIU).

Parameter importance units were derived by combination of a pairwise
comparison scaling technique performed by a group of experts with adjust

ments for unequal numbers of categories, and a feedback repetition process

known as the "Delphi (Dalkey 1969 ) .

For comparison of real data, values must be normalized to make them

commensurate. This was done by using available data and obtaining para

meter estimates (expressed in real units, e.g., mg/1) and expressing these

as a function of 0-1. The resulting value was called the "Environmental
Quality"

(EQ).

To mesh these values and obtain the desired Environmental Impact

Units (EIU), the following calculation was performed:

EIU = PIU x EQ

EIU values were produced to represent the condition with and with

out the project for all alternates. In addition, this method provided for

"red
flagging"

of especially sensitive areas. Red flags were used when the

EQ changed drastically from
"without"

to
"with"

development conditions.

The EES was published in a condensed version in an EPA handbook

(Battelle Columbus Laboratories 1972), and recommended for use in water

quality management planning.

Another evaluation method worthy of note, which was released by the

EPA and stemmed from methods developed earlier by the Battelle Labor

atories is the method for predicting future pollution problems ( Flinn and

Reimers 1974). This method was developed to identify, rank and project

short and intermediate-term future pollution problems. Three independent

search approaches were usedindustrial production, environmental, and
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societal trends and activity. An initial list of problems was compiled with

the specific areas of stress identified.

Nine ranking factors were devised and the 10 most serious problems

were selected and ranked in order of importance. Next, 5 to 10-year pro

jections were made.

Many of the papers discussed have made reference to the use of the

Delphi method as a systematic means of combining the opinions of experts.

This method is referred to by Waddell ( 1974 ) as applied to determining
economic damages of air pollution.

Essentially, the method is one of subjective decision making by a pool

of experts. For greater detail on this method consult Dalkly (1969) and

Pill (1971). Waddell (1974) describes the Delphi method as "an efficient

way to produce best judgments where the knowledge and opinion of experts

are
extracted."

DARE MODEL

History of the Project

In February 1974, a prototype oil shale lease, Tract C-a, was granted

to Gulf Oil Corporation and Standard Oil Co. (Indiana) by the U.S. De

partment of the Interior. These companies subsequently formed Rio

Blanco Oil Shale Project (RBOSP) to operate the tract. The primary

purpose of the lease sale was to encourage development of a 5,092.70 acre

tract of federally owned land in northwestern Colorado for possible ex

traction of oil shale by surface or open-pit mining methods. Since com

mercial scale oil shale technology was not available when the lease was

granted, the leased tract was designated a
"prototype."

The purpose of

the lease was to allow development of economically feasible oil shale tech

nology.

Development of a prototype open-pit mine would continue for 30

years before back-filling could begin. During this period, approximately 1

billion cubic yards of spent shale and enormous amounts of overburden

and top soil would be accumulated. Problems arising from disposal of this

vast amount of material, and their solutions, are some of the fundamental

environmental considerations of the prototype project.

Should open-pit mining be employed, storage of spent shale and over

burden within the leased tract would not be feasible for several reasons:

(1) Overburden and topsoil will be accumulated before the ore is

mined.

(2) No material can be returned to the mine until the pit floor has

been cleared. This could take as much as 30 years from startup.

(3) The volume occupied by spent shale and associated moisture will
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be greater than the volume of shale in place.

(4) Waste disposed of on tract would cover oil shale reserves suitable

to open-pit mining and a second movement of spent shale is not

feasible.

The need for off-tract disposal areas is evident.

Determining the location of areas best suited to this purpose is, how

ever, difficult. The environmental disturbances which will occur are sub

stantial. The effects are complicated by natural limitations to reclamation

imposed by this semi-arid region, diverse interests of local ranchers, hunters,
industry, and other interested groups, as well as requirements of the lease

stipulations. Finding ways to minimize these effects and other questions

raised by environmentally concerned citizens prompted the approach to

ward locating disposal sites discussed in this work.

Approach

Members of the RBOSP determined that environmental considerations

of waste disposal should be considered strictly on their own merits and

separated completely from economic and technical (operational) aspects.

(Economic and technical specifications were generated independently but

are presented elsewhere in an unpublished in-house report. )
To provide a basis from which to begin, RBOSP personnel conducted

an in-house survey of available information and produced a list of alternate

sites. The criteria used for the selection of these areas were:

( 1 ) reasonable proximity to the lease area;

(2) physical possibility for employment as disposal sites;

(3) use of these disposal sites would not preclude future development

of the area;

(4 ) inclusion of sites recommended in prior reports.

Scientists from a variety of technical areas were then consulted. Some

of these experts subsequently became members of a panel which:

( 1 ) selected a final total of 16 potential disposal sites ( fig. 1 ) ;
(2 ) reviewed various approaches available to make the decisions;

(3 ) determined the need for a decision-makingmodel;

(4 ) chose the model which was ultimately used;

( 5 ) developed criteria for use in the model;

(6) evaluated, analyzed and recommended the decisions discussed in

this paper.

The scientists who worked within this panel are listed in Appendix 1.

Not all people consulted were members of the panel. Some were responsible

for initial stages of site and criteria selection. These steps were later re-
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traced by the formal panel with similar results. Others critically reviewed

drafts of the final document and suggested re\isions of content and word

ing. With the exception of the authors, names of all persons involved

appear in the acknowledgments. Members of the panel included scientists

from the following disciplines: terrestrial biology, chemical engineering,
aquatic biology, atmospheric sciences, chemistry and agronomy, systems

ecology, limnology, soil mechanics, and geology and mining engineering.

After selection of the 16 alternate sites, panel members recommended

use of a decision-making model to help quantify the task at hand and

reduce the possibilities of bias from totally subjective judgments.

A number of methods have been applied to this type of problem. Most

of these approaches are based on the examination of weighted variables

generated by a variety of mathematical methods, as discussed in the

previous section.

The final choice of the panelists was to apply the DARE (Decision

Alternative Ration Evaluation) model to the decision requirements in

question. Several factors were considered in selecting DARE:

( 1 ) it is a linearmodel and is relatively easy to use;

( 2 ) it is easily understood and independently used by laymen;

(3) it has been used successfully in the past (Vail Pass Alignment

Studies and Design Concepts 1972; Milhollin 1974 ) ;

(4 ) it was adaptable to the problem under consideration.

In the following sections of this work, the DARE model will be described

and the methods by which it was adapted to, and used in, evaluation of the

alternative disposal sites for Tract C-a will be explained. Frequent refer

ence will be made to sample tables and computations in order to enable

the reader to grasp the principles and apply the model. The following
section describes the mathematics of the model, and the next section appli

cation of themodel.

Description of the DARE Model

The basic assumption of DARE is that the subjective values built into

the system are as reliable as the professionals making the judgments. It is

assumed that decisions will vary among experts, but that the same expert

consistently will make similar decisions (Klee 1970).

The backbone of the model is selection of the criteria for consider

ations. These criteria are developed by expert consensus. They should

adequately cover all areas of
consideration with minimum subject overlap.

It is assumed that it is sometimes desirable to separate major criteria into

smaller components and consider the weighted value of each component

since all components are not of equal importance to the decision. Environ

mental criteria which would be considered are:
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Habitat and animal use

Mixed brush

Aspen

Pinyon-juniper

Habitat and animal use is a major criterion to be considered. Mixed

brush, aspen and pinyon-juniper are types of habitat, each with varying

degrees of importance to the overall habitat quality of a given area. In

order to reach a decision about the environmental value of an area, one

must consider the relative importance of that habitat, compared with other

criteria, to the overall environmental system, and also must consider the

relative importance of the components of the habitat to each other.

The DARE system is a series of comparisons, the comparisons of

major criteria to one another, and the comparisons of the components of

each criterion to each other. The method of comparing criteria is simplified

by limiting the comparisons to "pairs of For example, in table 1,
the criteria are arranged in an arbitrary order. Then the following steps are
carried out:

(1) Criterion 1 (rehabilitation) is compared to criterion 2 (air quali

ty) for relative importance. Rehabilitation is judged to be 5 times

as important as air quality. It is assigned the value 5.0 (column

A). Air quality is judged to be 3 times as important as the next

criterion (noise impact). It is, therefore, assigned a value of 3.0.

Comparison of pairs continues in this manner down the table until

all criteria have been assigned a value. The last criterion has a

value of zero, since there are no other criteria for comparison.

(Assignment of A column values in step 1 completes the decision

process. The following steps are routine mathematical calcula

tions. )

(2) Column B is then derived. The last criterion (contingencies) is

assigned the value of 1.000 for the B column (table 1). Then the

evaluator moves up the table in a zig-zag fashion as shown, de

riving for each succeeding criterion a B value by multiplying the

B value of the lower criterion by the A value of the criterion im

mediately above it (e.g., B=1.000 for contingencies, A=3.000 for

habitat and animal use. The B value for habitat is equal to 1.000

x 3.0 or 3.000.) This process continues until all B values have

been determined for all criteria. Column B values represent a raw

ranking order. They are not useful until they have been norm

alized to a base of 100. This is done in step 3.

(3) Column C values are obtained by dividing each of the values in

column B by the sum of column B and multiplying by 100 as

shown. The values expressed in column C represent the relative

contribution of each criterion to the whole in percent.
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Table 1.Sample of DARE method (using hypothetical values)

CRITERIA A C_

1. Rehabilitation 5.0 1.620 22.6

2. Air Quality 3.0 0.324 4.5

3. Noise Impact 0.2 0.108 1.5

4. Unique Aspects 3.0 0.540 7.5

5. Erosion 2.0 0.180 2.5

6. Water Quality 0.3 0.090 1.3

7. Scenic and Recreational

Potential 0.1 0.300 4.2

8. Habitat and Animal Use 3.0 3.000 41.9

9. Contingencies 0 1.000 14.0

Sum = 7.162 100.0

C=
B

- X100
sum of B

e. e. G==
1.620

- X 100 ^ 22. 6%
7.162

In the values just obtained, the order in which the criteria were

arranged will not significantly affect the values. This evaluation can easily

be repeated a number of times by several experts for comparison of results.

The purpose of this procedure is to develop column C values for all

criteria under consideration. The criteria are then ranked by importance

and a decision is made.

A shortcxMning of the DARE system is that it compares preselected

alternatives to one another. It cannot determine what the alternatives

should be, or whether they are good or bad. Care is essential, therefore,
in choosing alternatives so that they are complete and exhaustive on the

one hand, but with minimum overlap on the other hand.
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The Application of DARE to RBOSP Disposal Sites

The DARE system as applied to the problem addressed in this work

is best discussed in terms of its three basic components:

( 1 ) criteria selection by expert panel,
(2) pair-wise decision process, and

(3) results of the decision ranking.

Generation of Criteria for Evaluation

As mentioned, a diverse panel of experts was assembled to participate

in the decision-making process. Once determination of the model to be

used had been reached, the next step was selection of criteria for evaluation.

To repeat, this phase of the process is extremely important to the proper

functioning of the DARE system. All areas must be addressed with mini

mum overlap; serious overlap among factors would result in biasing the

decision by over-emphasis of components.
All environmental variables likely to be affected by waste disposal

were included and all environmental concerns specifically referred to in

the oil shale lease (i.e., damage to fish and wildlife habitat, loss of archae

ological artifacts, air pollution, water pollution, erosion, revegetation and

effects on scenic values ) were addressed. The list of criteria was generated

originally by the informal panel of experts referred to earlier. This list was

later revised by the formal panel listed in Appendix 1.

Criteria Selection

Selection of criteria followed a series of meetings where the experts

carefully weighed all prospective factors. Eventually, panel consensus re

sulted in selection of nine major criteria, referred to hereafter as "cate
gories."

These included the following:

habitat and animal use,

rehabilitation,

air quality,

water quality,

erosion potential,

unique aspects,

scenic and recreational potential,

noise potential,

contingencies.

Each of the categories listed above was then subdivided into its indi

vidual components (subcategories). The same rules of selection applied.

Appendix 2 lists all major categories and subcategories.
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Value Assignment

Development of the list of categories and subcategories previously men

tioned was through expert consensus. Assignment of the relative values to

each (Appendix 2) followed the previously described DARE method.

The DARE model provides for arranging the categories to be con

sidered in an arbitrary fashion and then comparing them by pairs in order

of arrangement. This raises the question of possible bias due to arrange

ment of categories. In order to avoid this possible source of bias, the follow

ing steps were undertaken:

(1) The nine categories were randomly arranged in 20 different ways

by use of a random numbers computer program.

(2) Each of the 20 arrangements was analyzed by each of the nine

panelists and
"A"

column values were derived for each analysis.

(3) The results of the evaluations were combined and col

umn C values were generated in the manner discussed earlier

(table 1). A simple mean of the C values for all 20 arrangements

was then determined (table 2).

(4) The means were selected for use as the weighted values for each

of the categories and used in all future calculations.

Similar methods were used to develop values for subcategories. (See

Appendix 2 for an example. ) However, it is apparent that not all members

of the panel are qualified to judge all categories. Therefore, once rating

of categories was complete, rating of subcategories was limited to panelists

with professional expertise in that area as indicated in Appendix 1 (num

bers of randomly arranged lists were limited to numbers of possible combi

nations up to a maximum of 20 ) .

The assignment of these values was made prior to field site assessments

by the panelists.

Application of Selected Criteria to Site-specific Evaluations

The assigned criteria and values, which were discussed in the pre

ceding paragraphs, provided the framework for site-specific evaluations.

The criteria specifications for categories and subcategories (Appendix 4)
detailed for the field expert the precise definitions and specifications under

which his judgment was to be made. The values assigned each subcategory

(Appendix 2) defined the numerical bounds of each decision.

Biological evaluations of the proposed sites were made by two (inde

pendent) teams consisting of two terrestrial ecologists per team. Descrip
tive results of their field evaluations may be found in Gash et al. ( 1975 ) .

Additional evaluations were developed by site examination and evalu-
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ation of topographic maps, soils surveys, aerial photographs,
meteorological

and air quality data.

Table 2.Environmental values of major categories

Percentage for Each Major Category

Run Rehabil Air Noise Unique Erosion Water Scenic Hdbit.it Contin

No. itation Qual. Poten. Aspects Poten. Qual. & Rec & Use gencies

1 22.7 9.5 1.9 5.3 10.3 10.5 5.8 272 u.l>

2 17.7 10.8 2.7 6.4 9.3 15.6 3.5 30.5 3.7

3 25.1 12.7 2.3 5.8 11.6 11.2 5.5 220 3.7

4 34.7 10.1 2.0 6.6 10.2 9.3 3.4 20 8 2.9

5 21.3 18.9 2.5 7.3 8.5 12.6 3.9 20.6 1.3

6 21.8 10.7 2.2 6.5 12.7 120 4.6 24.1 53

7 27.9 10.3 2.5 7.8 10.4 9.7 5.7 21.6 4.1

8 22.6 14.3 2.2 8.6 10.6 8.2 6.3 22 7 4.4

9 24.0 11.7 3.1 8.1 12.1 11.0 4.9 20.4 4.7

10 21.7 11.5 2.1 5.8 10.3 11.7 3.7 28 8 43

11 16.9 8.6 2.1 12.9 9.1 8.9 5.9 27.7 7.9

12 13.1 13.8 2.9 9.0 7.9 14.9 4.8 30 1 3.6

13 21.0 12.1 2.3 66 11.8 12.5 6.5 22.8 4 5

14 19.9 10.2 3.0 8.1 11.6 10.2 4.8 26.7 5.4

15 18.2 15.6 2.7 6.9 11.7 11.1 4.1 26 6 4 2

16 22.3 12.2 2.3 6.8 11.5 11.3 5.4 23.8 4 4

17 20.7 12.8 1.9 G.2 11.5 11.8 3.9 24.7 6.4

18 21.7 13.6 1.9 8 1 9.2 10.6 4.8 24.6 '"i t>

19 16.6 11.0 3.3 5.2 10.2 16.9 7.3 25.0 4G

20 16.9 14.1 2.8 10.6 10.9 13.9 4.5 21.8 4.4

S D. 4.61 2.39 0.43 1.86 1.28 2.23 1.07 3.14 1 17

Mean 21.34 12.23 2.44 7.43 10.57 11.70 4.97 24.63 4 7b

Order 2 3 9 6 5 4 7 1 8

The slight discrepancies encountered when summing across the table are

the results of numerous rounding-off steps taken when combining scores.

They do not significantly alter the results.

Once the independent evaluations were completed, the scores were

combined based on the mean of each score and numerical values of impacts

for alternate sites were listed for each subcategory as shown in table 3.

A complete listing of impact points for all criteria assessment values

appears in Appendix 5. The grand total (column D) of all these impact

points for each site and for each subcategory was then calculated as shown

in table 4. Summation of impact points (column D) for all subcategories

appears in Appendix 5.

Since these impact points portray the environmental desirability of

the site, they are negative points arrayed against the selection of that par

ticular site. The greater the number of impact points, the less desirable is

the area as a waste disposal site.
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Table 3.Example of impact points assigned to habitat and animal use

category

Sub-Categories
coO

Q) -5;
x 3 Q.

be

"6 oj

5 3
coco

0)

I
IT
J
CO

I

b 10

fa

0

fc re T3

'Q d
ID

3

C Q.

0. -J

73 ft3
O"

O a. * >- 0

< c 3 5 O h

Max. No. of

Points Possible
11.0 14.1 10.1 3.7 7.9 8.6 4.1 4.0 8.7 12.5 9.3 5.5

Sites Number of Points Assigned

1. Four Mile 11.0 2.0 2.0 1.0

2. Statebridge 11.0 2.0 2.0 1.0

3. Vandamore 110 2.0 2.0 1.0

4 Philadelphia 11.0 2.0 2.0 1.0

5. Cow Canyon 10.0 2.0 2.0 1.0

6. Spring Creek 1.0 1.0 1.0

7. Big Duck 1.0 1.0 2.0

8. Box Elder 3.0 6.0 1.0 7.0 ...

9. 84 Mesa 6.0 7.0

10. Stake Springs 9.0 12.0 1 .0 3.0

1 i. Rinky Dink 1.0 1.0 6.0

12. Yellow Creek 2.0 2.0 40

13. Dry Fork 1.0 1.0 7.0

14. Water-Corral 11.0 6.0 3.0 7.0

15. Rocky Point 10.0 6.0 1.0 3.0 1.0

16. Bowman Cany

NOTE: -

on 11.0

does not

6.0

occur.

1.0 3.0

1.0

20

1.0

2.0

1.0

9.0 13.0 2.0 40

9.0 13.0 20 40

9.0 13.0 2.0 40

9.0 13.0 20 40.

9.0 13.0 2.0 40

9.0 9.0 50 5.0 31

1.0 12.0 19

1.0 ... ... 20

2.0 3.0 18

9.0 10.0 44

2.0 1.0 12

9

1.0 1.0

13.0

11

40

13.0 1.0 1.0 36

13.0 1.0 35

Table 4.Calculation of environmental score for habitat and animal use

Total

Impact

Points

Unadjusted

Environ

mental

Score

IMPACT ANALYSIS H

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman

40.00 1.00 0.8/ 3.55 087

40 00
1.00"

0.87 3.55 0.87

40.00 1.00. 0.87 3.55 0.87

40.00 1.00 0.87 3.55 0.87

40.00 0 78 0.87 3.55 0.87

31.00 0.61 1.13 4.58 1.13

19.00 1.05 1.84 7.47 1.84

20.00 0.90 1.75 7.09 1.74

18.00 2.44 1.94 7.88 1.94

44.00 0.27 0.80 3.22 0.79

12.00 0.75 2.92 11.82 2.91

9.00 1.22 3.89 15.76 3.88

11.00 3.64 3.18 12.90 3.17

40.00 0.90^-^0.88 3.55 0.87

36.00 0.97-~> 0.97 3.94 0.97

35.00 0.00 "^1.00 .4.05 1.00
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Total impact points (such as those for habitat and animal use) summed

from table 3 provide the entries for column D values in table 4 (see Ap
pendix 5, lower tables, for complete listings ) . Column D values are then

used to generate column E values by taking the ratio of each succeeding
pair of numbers down the column and become equivalent to column A

values (table 1). Table 5 is a comparison matrix of "E for all

possible pairs of disposal sites, relating the relative value of each site to

every other site. Column F values are derived in the same manner as

column B values (table 1), i.e., by zig-zag multiplications up the E and F

columns.

Table 5.All possible combinations of column E for each potential disposal

site (D value in parentheses)
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U
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Four Mile

(40) 1
1.00 1.00 1.00 1.00 1.29 2.10 2.00 2.22 .91 3.33 4.44 3.64 1 .00 1.11 1.J4

State Bridge

(40)
1.00

1
1.00 1.00 1.00 1.29 2.10 2.00 2.22 .91 3.33 4.44 3. hi 1.00 1.11 1.14

Vandamore

(40)
1.00 1.00 1 1.00 1.00 1.29 2.10 2.00 2.22 .91 3.33 4.44 3.64 1.00 1. 11 1.14

Philadelphia

(40)
1.00 1.00 1.00 1 1.00 1.29 2.10 2.00 2.22 .91 3.33 4 . 44 3.64 1.00 1.11 1.14

Cow Canyon

(40) 1.00 1.00 1.00 1.00 1 1.29 2.10 2.00 2.22 .91 3.33 4.44 3.64 1.00 1.11 1-14

Spring Creek

(3D
.77 .77 .77 .77 .77

1 1.63 1.55 1.72 .70 2.58 3.44 2.82 .77 .86 .89

Big Duck

(19)
.47 .47 .47 .47 .47 .61 1 .95 1.05 .43 1.58 2.11 1.73 .47

.53
.54

Box Elder

(20)
.50 .50 .50 .50 .50 .fit, 1.05 1 1.11 .45 1.67 2.22 1.82 .50 .55 .57

84 Mesa

(18)
.45 .45 .45 .45 .45 .58 .9:> .90 1 .41 1.50 2.00 1 .64 .45 .50 .51

Stake Springs

(44)
1.10 1.10 1.10 1.10 1.10 1.42 2.32 2.20 2.44 1 3.67 4.89 4.00 1.10 1.22 1.26

Rinky Dink Gulch

(12)
.30 .30 .30 .30 .30 .39 .63 .60 .67 .27 1 1.33 1.09 .30 .33 .34

Yellow Creek

(9)

.22 .22 .22 .22 .22 .29 .47 .45 .50 .20 .75 1 .82 .22 .25 .26

Dry Fork

(11)

.27 .27 .27 .27 .27 .35 . =.8 .55 .61 .25 .92 1.22

1
.27 .31 .31

Water-Corral

(40)
1.00 1.00 1.00 1.00 1.00 1.29 2.10 2.00 2.22 .91 3.33 4.44 3.64 1 1.11 1.14

Rocky Point

(36)
.90 .90 .90 .90 .90 1.16 1.89 1.R0 2.00 .82 3.00 4.00 3.27 .90 1 1.03

Bowman

(35)
.87 .87 .87 .87 .87 1.13 1.84 1.75 1.94

.79 2.92 3.89 3.18 .87 .97 1
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Since column E values result from pair-wise comparison of column D

figures, they no longer represent negative impact points, but rather the

desirability of one site over another for processed shale disposal. Now, the

greater the number, the more desirable the area as a waste disposal site.

Column G values are computed from column F values in exactly the

same way that column C values were computed from column B values in

table 1. Thus, column F is summed, and each value in the column is

divided by the sum and multiplied by 100 to produce a percentage figure

in column G which, therefore, represents weighted percentage values based

on site-specific investigations.

Column H is produced by the multiplication of the figures in column

G by the appropriate major category value (e.g., for Four Mile Draw in

table 4, the "G of 3.55 is multiplied by the "C derived dur

ing earlier computations, of 24.6 percent for Habitat and Animal Use to

arrive at an "H of 0.87). This procedure is repeated until "H

are derived for all categories at all sites (Appendix 5). Thus, column H

reflects the adjustment of column G numbers to account for the relative

values assigned to categories prior to field investigations.

Category weights have now been married to site-specific evaluations

to produce numerical
"unadjusted"

environmental scores.
"Unadjusted"

is

used since the capacity of the sites has not yet been considered. The

capacity adjustment shall be explained later.

Results of Decision Ranking

Unadjusted environmental ranking. "Unadjusted H obtained

for each of the nine categories can be summed for each site to produce a

"total unadjusted H which represents, by use of a single number,

an environmental evaluation unique to that particular area. Environmental

scores (unadjusted H values) for each of the nine categories for each of

the 16 disposal sites are listed in table 6, as well as the total environmental

score (total unadjusted H value) for each site.

The 16 disposal areas were found to fall into four groups on the basis

of significant differences between their total environmental scores.

Considerations for volume sufficiency. The number of sites which

may be required to hold the total amount of waste is a complicating factor.

Increased numbers of areas necessitate increased numbers of roads, con

veyor systems, traffic, etc. Smaller sites cannot contain the total volume

produced, so a second or even a third site could be needed. To account

for this additional disturbance, the total environmental scores have to be
"adjusted"

downward. "Sufficiency were developed from the ex-
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ponential equation, f = 1 - (0.33 log n) where n is the number of dis

posal sites required to provide the adjustment shown in table 7a. The

capacity of each disposal site is shown in table 7.

Table 6.Environmental scores of individual disposal sites (unadjusted)
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1. Fourmile Draw 0.87 0.89 0.71 0.48 0.57 0.25 0.26 0.21 0.08 4.3 IV

2. State Bridge Draw 0.87 0.89 0.71 0.50 0.57 0.25 026 0.20 0.08 4.3 IV

3. Vandamore Draw 0.87 0.90 0.71 0.52 0.59 0.25 0.26 0.21 0.08 4.4 IV

4. Philadelphia Creek 0.87 0.97 0.71 0.52 0.56 0.25 0.26 0.21 0.08 4.4 IV

5. Cow Canyon 0.87 0.93 0.71 0.51 0.56 025 0.26 0.21 0.08 4.4 IV

6. Spring Creek 1.13 1.46 0.74 0.47 0.62 0.28 0.28 0.21 0.08 5.3 m

7. Big Duck Creek 1.84 1.62 0.74 1.08 0.87 0.34 0.32 0.25 0.09 7.1 n

8. Box Elder Gulch 1.74 1.87 0.81 0.93 0.56 0.27 0.30 0.33 0.11 6.9 II

9. 84 Mesa 1.94 1.99 0.81 1.12 1.27 1 27 0.44 0.43 0.14 9.4

10. Stake Springs Draw 0.79 1.97 0.81 0.52 0.57 0.24 0.35 0.46 0.08 5.8 III

It. Rinky Dink Gulch 2.91 2.20 0.81 0.88 0.59 1.27 0.51 0.42 0.14 9.7

12 Yellow Creek 3.88 1.01 0.81 0.83 0.70 0.34 0.35 0.33 0.08 8.9

13. Dry Fork 3.17 1.17 0.81 1.42 0.78 1.27 0.34 0.39 0.09 9.4

14. Water & Corral Gulch 0.87 1.22 0.81 0.86 1.57 0.29 0.30 0.39 0.09 5.4 III

15. Rocky Point Draw 0.97 1.07 0.81 0.54 0.61 0.30 0.27 0.23 1.14 5.9 III

16. Bowman Canyon 1.00 1.05 0.77 0.52 0.62 0.27 0.27 0.23 0.08 4.5 IV

Table 6a

Group 1 1. Rinky Dink Gulch 9. 7

2. 84 Mesa 9. 4

3. Dry Fork 9. 4

4. Yellow Creek 8. 9

Group II 5. Big Duck Creek 7. 1

6. Box Elder Gulch 6. 9

Group III 7. Rocky Point Draw 5. 9

8. Stake Springs Draw 5. 8

9. Water & Corral Gulch 5. 4

10. Spring Creek 5. 3

Group IV 11.

12.

13.

Bowman Canyon

Vandamore Draw

Philadelphia Creek

4.

4.

4.

5

4

4

14. Cow Canyon 4. 4

15. Four Mile Draw 4. 3

16. State Bridge Draw 4. 3
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Table 7.Volumes and surface characteristics of disposal
sites*

Name

Volume

cyx
106

Average

Slope

4.2%

Area

Ft2x
106

Surface

Elev. (Ft) Depth (Ft)

1. Four Mile Draw 567 113 6,400 650

2. State Bridge Draw 163 4.4% 33 6400 650

3. Vandemore Draw 210 3.8% 43 6.4U0 520

4. Philadelphia Creek 262 3.1% 35 6.600 650

5. Cow Canyon 212 4.0% 34 6.40C 450

6. Spring Creek 1.300 6.8% 132 7,800 1,000

7 Big Duck Creek 837 3.7% 113 7.4Q0 600

8. Box Elder Gulch 776 3.7% 70 7.800 583 avj.

9. 84 Mesa 1,480 2.0% 159 7,100 617 avg.

10. Stake Springs Draw 2,960 2.0*. o 400 7,200 600

11. Rinky Dink Gulch 700 3.8% 80 7.200 338 r.vij.

12. Yellow Creek 608 1.8% 139 6.700 314 avg.

13 Dry Fork 237 5.8% 36 7.600 250 dvj

14. Water and Corral Gulch 525 3.6"o 82 7,600 433 avg.

15. Rocky Point Draw 1,076 8.0% 59 8.400 1,800 mux

16. Bowman Canyon 1,577 10.0% 98 8.400 1.600 mux.

* Different from figures in RBOSP quarterly Report No. 3 which

showed larger volumes. Table 7 figures were estimated using

different side slopes than used for Report No. 3. Although these

numbers in Table 7 are the best available at this time, some changes

may yet occur before the final mining studies are completed for the

Detailed Development Plan . These changes do not effect the operation

and outcome of the DARE model as presented here.

Table 7a.

Number of Areas Required

1

2

3

4

Multiplication Factor

1.00

0.90

0.84

0.80

The way these factors are used can be illustrated by a specific case. If
a 55,000 bbl/day shale oil operation is employed using an open-pit mine,

and if no on-tract disposal is considered (assuming the entire tract can be
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mined by open-pit methods), a single disposal site or some combination of

sites must last for 30 years. Using all combinations of from one to three

sites, six combinations can be computed and compared to three areas that

are sufficiently large by themselves. Ranked in order of "adjusted environ

mental
scores,"

these are shown in table 8.

Table 8.Combined values of up to three areas adjusted for volume suffi

ciency

Order

by
Adjusted

Score

Total

Environ.

Site(s) Score X

84 Mesa 9.4

Suffic

iency
Factor

1.00

Adjusted

= Score

9.4

Combined

Adjusted

Score

1 9.4

2 Dry Fork

Yellow Creek

Big Duck Creek

9.4

8.9

7.1

0.84

0.84

0.84

7.90

7.48

5.96

7.1

3. Dry Fork

Yellow Creek

Box Elder Gulch

9.4

8.9

6.9

0.84

0.84

0.84

7.90

7.48

5.80

7.1

4. Rocky Point Draw

Yellow Creek

5.9

8.9

0.90

0.90

5.31

8.01

6.7

5. Dry Fork

Spring Creek

9.4

5.3

0.90

0.90

8.46

4.77

6.6

6. Box Elder Gulch

Big Duck Creek

6.9

7.1

0.90

0.90

6.21

6.39

6.3

7. Rocky Point Draw

Dry Fork

Big Duck Creek

5.9

9.4

7.1

0.84

0.84

0.84

4.96

7.90

5.96

6.3

8. Stake Spr. Draw 5.8 1.00 5.8 5.8

9. Bowman Canyon 5.8 1.00 5.8 4.5

Significance of Scores

A Newman-Keuls multiple-range test was chosen because, although

it lacks a certain amount of sensitivity, it provides excellent protection

against type I errors ( the probability of rejecting a true null hypothesis ) ;

therefore, this type of test should be used in evaluation of various pro

cedures concerning the ability to detect real differences (Kramer and

Swansonl973).

The multiple-comparison procedure by the Newman-Keuls test con

siders the null hypothesis H0: ua
=
ub where the subscripts denote any
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possible pair of groups. For K groups, K (K-l)/2, different pairwise com
parisons may be made.

The first step in the analysis is to arrange and number all 5 sample

means in order of increasing magnitude, then pairwise difference Xo Xa
are tabulated. In this test, values known as "studentized are used,

abbreviated q, which are obtained from a studentized range table and are

dependent upon the degrees of freedom associated with the standard error,

and p, the number of means in the range of means being tested. To com

pare rank, means u5 and Ui for example, the range of 5 means is considered,
so p

= 5; to test mean 5 versus mean 2, p = 4 and so forth. Just as a dif

ference between means divided by appropriate standard error yields a t

value, a q value in the Newman-Keuls test is calculated dividing a differ

ence between means by SE = s2/n where
s2

is the variance associated with

the parameters being tested and n is the number of observations in groups

a and b. If the calculated q value, a (Xa Xb)/SE, is equal to or

greater than the critical value q[a v -,,
then H0 : ua

=
ub is rejected. The

significance level a. is the probability of encountering at least one type I

error during the course of comparing all pairs of means. It is not the prob

ability of committing a type I error for a single comparison.

The conclusions reached by multiple-range testing are dependent upon

the order in which the pairwise comparisons are considered. The proper

procedure is to compare first the largest against the smallest, then the

largest against the next smallest and so on until the largest has been com

pared with the second largest. Then, one compares the second largest with

the smallest and the second largest with the next smallest and so on. For

example, after ranking 5 means in descending order, the sequence of

comparisons is as follows:

Means 5 vs. 1, 5 vs. 2, 5 vs. 3, 5 vs. 4, 4 vs. 1,
4 vs. 2, 4 vs. 3, 3 vs. 1, 3 vs. 2, and 2 vs. 1.

Another important rule of procedures is that if no difference is found

between 2 means, then it is concluded that no difference exists between

any means enclosed by these two and such differences are not tested for.

Thus, in table 9, it was concluded no difference exists between Rinky Dink

Gulch and Yellow Creek; therefore, no tests are performed to judge the

differences between Rinky Dink Gulch and 84 Mesa. Thus, the conclusions

in table 6 are that Rinky Dink Gulch, Dry Fork, 84 Mesa and Yellow

Creek are not significantly different; therefore, from a statistical stand

point, probably came from the same population and that Big Duck Creek

is significantly different and represents a separate population. Therefore,
we can conclude that, from an environmental standpoint, one could select

any one of the first four proposed locations as an overburden and spent

shale disposal site with no significant difference in potential environmental

impact.
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SUMMARY

Assuming that Tract C-a will be mined by open pit, storage of spent

shale will have to be off-tract, at least initially. Since it may be 30 years

before back-filling of the pit can begin, sites best suited for this purpose

must be identified.

Sixteen alternate sites were chosen. A decision was made to judge

these sites solely on the basis of environmental considerations.

The DARE model was chosen for use in this environmental evaluation.

Nine unique aspects of the environment were identified and further sub

divided. Their relative importances were judged and assigned numerical

values. Site inspection scores were generated for the 16 sites. These two

series of values were integrated to produce a numerical ranking of all 16

sites. In the process of making these numerical evaluations, statistical tests

were applied to test bias of listing order and to determine if separation

into groups was valid.

Four individual sites which could not be statistically differentiated

were found to be environmentally superior for use as disposal sites. These

were Rinky Dink Gulch, 84 Mesa, Dry Fork and Yellow Creek.

The use of combinations of disposal sites was investigated by com

puting a sufficiency factor to correct environmental scores when more than

one site would be needed.

APPENDIXES
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Appendix 2

VALUE LISTINGS OF CATEGORIES AND SUBCATEGORIES

Major

Categories

Weights

(percent)

A. Habitat and Animal Use 24.6

B. Rehabilitation 21.2

C. Air Quality 12 .3

D. Water Quality 11 .7

E. Erosion Potential 10.6

F. Unique Aspects 7 .4

G. Scenic and Recreation 5 .0

H. Contingencies 4.7

I. Noise Potential 2 .5

Total: 100
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Appendix 4

CRITERIA SPECIFICATIONS

Following is a brief description of each of the specific environmental

variables considered by the model. This list is limited by the importance

and the number of variables that could be considered realistically by the

panelists. Many other variables, although unlisted, have been considered

by each panelist.

I. Habitat and Animal Use

For this category, each of the subcategories are based on the relative

importance of the plants in the area. Consequently, each category is a plant

community with the exception of one, which carries the title of aquatic.

Animal use is related to type of habitat available.

A. Pinyon-juniper

These areas contain conspicuous pinyon-pine and juniper (cedar)
and also significant portions of sage and possibly some shadscale.

B. Sagebrush

Sagebrush areas contain sagebrush as a dominant plant type. In

some cases, a mixture of other small brush may be included, but

is of little or no importance.

C. Mixed Brush

Mixed brush is an area containing some pinyon, juniper and a

significant amount of sagebrush, but also contains serviceberry

and other tall shrubs.

D. Douglas Fir

Douglas fir is defined as a high forest containing Douglas fir and

related substory.

E. Aspen

Aspen are large clones of aspen with associated understory.

F. Rabbitbrush

Rabbitbrush, in this case, is the dominant brush, found mostly at

lower elevations in association with sagebrush.

G. Greasewood

Greasewood habitat is also found in lower elevations where grease-

wood is the dominant shrub associated with sagebrush.

H. Shadscale (Saltbush)
Shadscale occurs in the saltier regions associated with the shale

outcrop area and is usually not associated with other types of

brush.

I. Riparian

Riparian habitat is located along streams and is composed of cat

tails, sedges and rushes and other water-dependent types.
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J. Upland Meadow

Upland meadows are grassy, park-like
areas found at higher ele

vations, such as on top of Cathedral Bluffs.

K. Species Diversity (Transition Zones )
These areas are ecological transition zones where many communi

ties come together. An example is the Douglas fir and aspen

mixture.

L. Aquatic

The aquatic habitat occurs in streams and ponds and includes as

sociated plant and animal species.

II. Unique Aspects

A. Plants

Possibility of the occurrence of threatened or endangered plant

species.

B. Animals

Possibility of the occurrence of threatened or endangered species

of animals.

C. Archaeological and Historical

Probability of a major archaeological or historical site being dis

turbed by the activity.

III. Rehabilitation

A. Surface Volume

Surface area and volume of material removed and the result on

revegetation. Disposal sites with larger volumes and small

surface areas are most desirable. The ratio of volume to surface

area is used to evaluate these parameters.

B. Cuts and Fills

This item was developed to account for excavation other than pit

construction. It is directed specifically at plant site and cuts and

fills necessary for construction of conveyor systems.

C. Elevation

This is a parameter to examine the relative altitude of a given

activity. Some types of rehabilitation are more difficult to re

habilitate when it is at a high altitude. For other systems it is

easier.

D. Average Slopes

This is the average steepness across the site.

E. Potential Revegetation Ease

This is the ease with which one may re-establish plant material on

a site. It is a function of many parameters such as the nature of

the overburden and the growth medium available to the plants.

F. Soil Availability
The rehabilitation of a mined area will require the replacement
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of native soil types. This parameter evaluates the amount and type

of topsoil available for rehabilitation.

G. AvailableWater

Available water is a parameter used to assess the difficulty getting
water to the area of rehabilitation in order to begin germination

and re-establish plant species. Water will not be used to con

tinually irrigate the new planting. It is anticipated that it will be

used only in establishment.

H. Exposure

This parameter deals with the aspect of the slope or slopes under

consideration. For example, in contrast to a slope with a north

eastern exposure, a slope that has a south or southwestern ex

posure would be more difficult to maintain and grow many plant

species. Of course, one of the greatest reasons would be water.

The southwestern exposure would be much hotter and the avail

able water would tend to evaporate rather quickly.

IV. Contingencies

A. Fire Potential

Fire potential includes all areas where fire may break out and

cause environmental damage to, or adjacent to, the site. Access to

the disposal sites with fire fighting equipment, water availability,
etc. are included.

B. Flood Impact

Flood impact considers the impact that a flood would have if it

occurred in the area. Such items as housing, downstream distance

to permanent dwellings, etc. are included herein.

C. Leaks and Spills

The impact that leaks and spills from transporting diesel fuel and

gasoline to equipment working on the dump site, spills caused by
breakage of conveyor systems and pipelines are included herein.

D. Mass Failure

The environmental impact caused by landslides and mud flows on

the dump sites and plant sites are considered here.

V. Scenic and Recreation Potential

A. Total Topographic Exposure

This evaluation is based on the visibility of all of the activities at

Tract C-a.

B. The Aesthetic Vulnerability
This variable estimates the visual vulnerability of particular sites

due to development.

C. Views and Vista

This item is an evaluation of the effect that plant and spent shale

sites will have on specific views and vista.
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D. Recreational Values

This evaluates the impact on the existing recreational values of

spent shale and plant sites. Big game hunting and outdoor recre

ation are the principle items considered.

VI. Water Quality
A. Stream Impact

The assumption made for this category was that sites nearest

major waterways would have the greatest impact on water quality.

B. Area or Terrain Disturbed

This variable is a function of the total area disturbed.

C. Exposed Slopes Constructed

The assumptions here were that sites having the greatest degree

of slope and the greatest southwest facing exposure would have

the greatest potential impact.

D. Magnitude of Diversions, Dissipators, Etc.

Diversion methods will be necessary to divert water around

dumps. Holding ponds will also be required to hold runoff, etc.

from dumps. These will add an environmental impact, as well as

add significantly to the engineering problem.

E. Groundwater

The assumption was made that the ground water would flow back

into the dewatered area of the mine. This would reduce the im

pact on ground water quality at the sites near the tract. Sites

further away will have more impact on ground water quality.

VII. Erosion Control

A. Hundred-Year Flood

This parameter was calculated utilizing USGS hydrometeorologi-

cal methods for calculating flood volume threatening the proposed

dump and plant sites.
B. Erodibility of Surface Material

This parameter is based on visual examination and assessment of

the erosion which already exists in the specific areas of proposed

activity.

VIII. Noise

Noise is a measure of the effect of sound on wildlife activity. Al

though sound is measurable, the effect on the habitat is not clearly docu

mented. Noise impact was considered a function of intensity of wildlife

activity.

IX. Air Quality
A. Human Health

Human health refers to all effects of air quality on physiological
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human health problems. Principally, it refers to the effect on the

respiratory system, but can also refer to effects on skin, eyes and

organs other than the lungs, such as the heart.

B. Animal Health

Animal health refers to all physiological health problems that

might be experienced by both domestic and wild animals and

specifically how animal health affects man. Generally, the areas

of most concern will be the effects on game and livestock. A sec

ond consideration would be the effect on rare or endangered

species.

C. Vegetation

Vegetation refers to effects on plants or crops and how these

effects influence man. We will be concerned with the effects on

agricultural yield. We will also be concerned with plant use for

beautification and wildlife.

D. Materials

Materials refer to effects such as corrosion of metals and the de

terioration of paint. The effects can be aesthetic, such as the

deterioration of house paint, to functional, such as increased rust

on machinery.

E. Residential

Residential refers to effects on property values. Decreased prop

erty values could result due to unpleasant odors or any of the

other six air quality considerations.

F. Soiling

Soiling refers to the problem created by the need for additional

cleaning. It refers to effects which increase maintenance although

they do not damage materials. For example, we are concerned

with the housewife's problem of having more dust in the house as
a result of project activity.

G. Aesthetics

Aesthetics refers principally to problems associated with reduced

visibility and the obscuring of vistas. It would also include psy

chological effects resulting from the degradation of aesthetics. The

problem of odors would also be considered here.
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Appendix 5

ASSESSMENT VALUES AND IMPACT ANALYSES FOR

PROPOSED SITES

Table 5-1.Habitat and use category (weight 24.6)
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MAX. IMPACT PTS. 11.0 14.1 10.1 3.7 7.9 8.6 4.1 4.0 8.7 12.5 9.3 5.5

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman Canyon

11.0

11.0

11.0

11.0

10.0

1.0

1.0

3.0

6.0

9.0

1.0

2.0

1.0

11.0

10.0

11.0

2.0

2.0

2.0

2.0

2.0

1.0

6.0

6.0

6.0

6.0

Note: indicates no impact

1.0

1.0

12.0 1.0 -

1.0

2.0

1.0

3.0

1.0

1.0

7.0

3.0

6.0

4.0

7.0

7.0

3.0

3.0

1.0

1.0

1.0

1.0

1.0

1.0

1.0 00

2.0

1.0

2.0

1.0

1.0

2.0

9.0

2.0

1.0

13.0

13.0

13.0

13.0

13.0

9.0

12.0

2.0

2.0

2.0

3.0 -

10.0 -

1.0 -

5.0

1.0 - -

13.0 -

13.0 1.0 1.0

13.0 1.0 -

IMPACT ANALYSIS

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman Canyon

40.00 1.00 0.87 3.55 0.87

40.00 1.00 0.87 3.55 0.87

40.00 1.00 0.87 3.55 0.87

40.00 1.00 0.87 3.55 0.87

40.00 0.78 0.87 3.55 0.87

31.00 0.61 1.13 4.58 1.13

19.00 1.05 1.84 7.47 1.84

20.00 0.90 1.75 7.09 1.74

18.00 2.44 1.94 7.88 1.94

44.00 0.27 0.80 3.22 0.79

12.00 0.75 2.92 11.82 2.91

9.00 1.22 3.89 15.76 3.88

11.00 3.64 3.18 12.90 3.17

40.00 0.90 0.88 3.55 0.87

36.00 0.97 0.97 3.94 0.97

35.00 0.00 1.00 4.05 1.00



A Simple Method for Evaluating Alternatives 65

Table 5-2.Main group rehabilitation (weight
= 21.2)

jn

E
3

CD
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o
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o
iZ

oB

CD

J3
CD

0>

3

O
> co
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c?
Sub-Categories <TJ

> 2 CO

O
Q.

re

t CD
CD

UJ

3

o CO <
X

UJ

3

CO <

MAXIMUM IMPACT PTS. 10.8 10.0 27.1 15.7 17.0 18.7

1. Four Mile Draw 9.0 0 27 14 17 17

2. Statebridge Draw 9.0 0 27 14 17 17

3. Vandamore Draw 9.0 0 26 14 17 17

4. Philadelphia Creek 9.0 0 26 14 11 17

5. Cow Canyon 9.0 0 26 14 14 17

6. Spring Creek 9.1 0 20 8 5 9

7. Big Duck Creek 7.0 0 15 5 12 7

8. Box Elder Gulch 4.0 0 15 7 8 6

9. 84 Mesa 8.6 0 3 14 9 3

10. Stake Springs Draw 9.9 0 4 7 12 5

11. Rinky Dink Gulch 4.0 0 7 5 9 9

12. Yellow Creek 9.0 0 20 13 17 15

13. Dry Fork 8.0 0 18 10 13 15

14. Water & Corral Gulch 8.0 0 14 9 14 16

15. Rocky Point Draw 9.0 0 26 14 4 17

16. Bowman Canyon 9.0 0 26 14 5 17

"jHpact ANALYSIS D E F G H

Four Mile 84.00 1.00 0.85 4.19 0.89

Statebridge 84.00 0.99 0.85 4.19 0.89

Vandamore 83.00 0.93 0.86 4.24 0.90

Philadelphia 77.00 1.04 0.92 4.57 0.97

Cow Canyon 80.00 0.64 0.89 4.40 0.93

Spring Creek 51.10 0.90 1.39 6.89 1.46

Big Duck 46.00 0.87 1.54 7.66 1.62

Box Elder 40.00 0.94 1.77 8.80 1.87

84 Mesa 37.60 1.01 1.89 9.37 1.99

Stake Springs 37.90 0.90 1.87 9.29 1.97

Rinky Dink 34.00 2.18 2.09 10.36 2.20

Yellow Creek 74.00 0.86 0.96 4.76 1.01

Dry Fork 64.00 0.95 1.11 5.50 1.17

Water-Corral 61.00 1.15 1.16 5.77 1.22

Rocky Point 70.00 1.01 1.01 5.03 1.07

Bowman 71.00 0.00 1.00 4.96 1.05
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Table 5-3.Main group air quality (weight 12.3)

to

E
o

CO

Sub-Categories 5
E
3 <D

E a ai

Q > o3

*->

CD

JZ

- nj

C to ff <3
i/i

CD
o
o

CO

CD

X I < I > 2 CC CO <

MAXIMUM IMPACT PTS. 40.9 20.7 15.6 6.2 7.0 3.9 5.7

1. Pour Mile Draw 5 5 5 3 2 3

2. Statebridge Draw 5 5 5 3 2 3

3. Vandamore Draw 5 5 5 3 2 3

4. Philadelphia Creek 5 5 5 3 2 3

5. Cow Canyon 5 5 5 3 2 3

6. Spring Creek 4 5 5 2 2 2 3

7. Big Duck Creek 4 5 5 2 2 2 3

8. Box Elder Gulch 3 5 5 2 4

9. 84 Mesa 3 5 5 2 4

10. Stake Springs Draw 3 5 5 2 4

11. Rinky Dink Gulch 3 5 5 2 4

12. Yellow Creek 3 5 5 2 4

13. Dry Fork 3 5 5 2 4

14. Water & Corral Gulch 3 5 5 2 4

15. Rocky Point Draw 3 5 5 2 4

16. Bowman Canyon 3 5 5 2 4

IMPACT ANALYSIS D E F

0.92

G

5.77

H

Four Mile 24.00 1.00 0.71

Statebridge 24.00 1.00 0.92 5.77 0.71

Vandamore 24.00 1.00 0.92 5.77 0.71

Philadelphia 24.00 1.00 0.92 5.77 0.71

Cow Canyon 24.00 0.96 0.92 5.77 0.71

Spring Creek 23.00 1.00 0.96 6.02 0.74

Big Duck 23.00 0.91 0.96 6.02 0.74

Box Elder 21.00 1.00 1.05 6.60 0.81

84 Mesa 21.00 1.00 1.05 6.60 0.81

Stake Springs 21.00 1.00 1.05 6.60 0.81

Rinky Dink 21.00 1.00 1.05 6.60 0.81

Yellow Creek 21.00 1.00 1.05 6.60 0.81

Dry Fork 21.00 1.00 1.05 6.60 0.81
Water-Corral 21.00 1.00 1.05 6.60 0.81

Rocky Point 21.00 1.05 1.05 6.60 0.81

Bowman 22.00 0.00 1.00 6.30 0.77
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Table 5-4.Main group water quality (weight = 11.7)

E
** c

Sub-Categories S g. g |
co -E < j-

a
CD

.

c

o

5.

* CO C
o cd

to
3

O

UJ CO Q O

MAXIMUM IMPACT PTS. 19.2 16.2 18.6 20.1 25.9

1. Four Mile Draw 19 5 17 4 23

2. Statebridge Draw 19 1 18 4 23

3. Vandamore Draw 19 2 16 3 23

4. Philadelphia Creek 19 1 15 5 23

5. Cow Canyon 19 1 16 5 23

6. Spring Creek 18 5 18 8 20

7. Big Duck Creek 5 5 10 5 5

8. Box Elder Gulch 2 3 10 15 5

9. 84 Mesa 5 6 5 8 5

10. Stake Springs draw 4 16 5 20 17

11. Rinky Dink Gulch 0 3 10 19 5

12. Yellow Creek 16 6 4 0 13

13. Dry Fork 0 1 15 2 5

14. Water & Corral Gulch 2 3 14 14 5

15. Rocky Point Draw 19 2 17 1 21

16. Bowman Canyon 19 4 19 0 21

IMPACT ANALYSIS D E F G H

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman

68.00 0.96 0.93 4.09 0.48

65.00 0.97 0.97 4.28 0.50

63.00 1.00 1.00 4.42 0.52

63.00 1.02 1.00 4.42 0.52

64.00 1.08 0.98 4.35 0.51

69.00 0.43 0.91 4.03 0.47

30.00 1.17 2.10 9.27 1.08

35.00 0.83 1.80 7.95 0.93

29.00 2.14 2.17 9.59 1.12

62.00 0.60 1.02 4.49 0.52

37.00 1.05 1.70 7.52 0.88

39.00 0.59 1.62 7.13 0.83

23.00 1.65 2.74 12.10 1.42

38.00 1.58 1.66 7.32 0.86

60.00 1.05 1.05 4.64 0.54

63.00 0.00 1.00 4.42 0.52
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Table 5-5.Mam group erosion (weight
= 10.6)

-O

UJ o

to

to

Sub-Categories ' < 0
o

MAXIMUM IMPACT PTS. 66J 33 3

1. Four Mile Draw 67 6

2. Statebridge Draw 67 7

3. Vandamore Draw 67 4

4. Philadelphia Creek 67 8

5. Cow Canyon 67 8

6. Spring Creek 55 13

7. Big Duck Creek 40 8

8. Box Elder Gulch 50 25

9. 84 Mesa 20 13

10. Stake Springs Draw 40 33

11. Rinky Dink Gulch 40 31

12. Yellow Creek 60 0

13. Dry Fork 50 4

14. Water & COrral Gulch 50 23

15. Rocky Point Draw 67 2

16. Bowman Canyon 67 0

IMPACT ANALYSIS

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman

73.00 1.01 0.92 5.41 0.57

74.00 0.96 0.91 5.34 0.57

71.00 1.06 0.94 5.56 0.59

75.00 1.00 0.89 5.27 0.56

75.00 0.91 0.89 5.27 0.56

68.00 0.71 0.99 5.81 0.62

48.00 1.56 1.40 8.23 0.87

75.00 0.44 0.89 5.27 0.56

33.00 2.21 2.03 11.97 1.27

73.00 0.97 0.92 5.41 0.57

71.00 0.85 0.94 5.56 0.59

60.00 0.90 1.12 6.58 0.70

54.00 1.35 1.24 7.31 0.78

73.00 0.95 0.92 5.41 0.57

69.00 0.97 0.97 5.72 0.61

67.00 0.00 1.00 5.89 0.62
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Table 5-6.Main group noise potential (weight = 2.5)

Sub-Categories

c

CD

|o

3 ro

- u.

MAXIMUM IMPACT PTS. 100.0

1. Four Mile Draw 75

2. Statebridge Draw 75

3. Vandamore Draw 75

4. Philadelphia Creek 75

5. Cow Canyon 75

6. Spring Creek 75

7. Big Duck Creek 65

8. Box Elder Gulch 50

9. 84 Mesa 40

10. Stake Springs Draw 75

11. RinRy
Dink'

Gulch 40

12. Yellow Creek 70

13. Dry Fork 60

14. Water & Corral Gulch 60

15. Rocky Point Draw 75

16. Bowman Canyon 75

IMPACT ANALYSIS

Four Mile

Statebridge

Vandamore

Philadelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman

75.00 1.00 1.00 3.03 0.08

75.00 1.00 1.00 3.03 0.08

75.00 1.00 1.00 3.03 0.08

75.00 1.00 1.00 3.03 0.08

75.00 1.00 1.00 3.03 0.08

75.00 0.87 1.00 3.03 0.08

65.00 0.77 1.15 3.50 0.09

50.00 0.80 1.50 4.55 0.11

40.00 1.88 1.88 5.69 0.14

75.00 0.53 1.00 3.03 0.08

40.00 1.75 1.88 5.69 0.14

70.00 0.86 1.07 3.25 0.08

60.00 1.00 1.25 3.79 0.09

60.00 0.08
1.25*

3.79 0.09

5.00 15.00 15.00 45.49 1.14

75.00 0.00 1.00 3.03 0.08
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Table 5-7.-Main group scenic and recreation
(weight = 5.0)

Sub-Categories

MAXIMUM IMPACT PTS.

1. Four Mile Draw

2. Statebridge Draw

3. Vandamore Draw

4. Philadelphia Creek

5. Cow Canyon

6. Spring Creek

7. Big Duck Creek

8. Box Elder Gulch

9. 84 Mesa

10. Stake Springs Draw

11. Rinky Dink Gulch

12. Yellow Creek

13. Dry Fork

14. Water & Corral Gulch

15. Rocky Point Draw

16. Bowman Canyon

JZ

a.

2 Rd.
o o x

24.6

20

20

20

20

20

10

7

15

22

15

15

22

15

15

15

15

CD

<

26.3

20

20

20

20

20

26

20

20

10

20

12

12

12

16

20

20

08

> re

? -*

to u>

> >

19.8

17

17

17

17

17

17

17

10

8

13

8

8

12

14

17

17

29.3

25

25

25

25

25

23

22

25

8

12

6

17

23

25

25

25

IMPACT ANALYSIS

Four Mile

Statebridge

Vanflamore

Phildelphia

Cow Canyon

Spring Creek

Big Duck

Box Elder

84 Mesa

Stake Springs

Rinky Dink

Yellow Creek

Dry Fork

Water-Corral

Rocky Point

Bowman

82.00 1.00 0.94 5.11 0.26

82.00 1.00 0.94 5.11 0.26

82.00 1.00 0.94 5.11 0.26

82.00 1.00 0.94 5.11 0.26

82.00 0.93 0.94 5.11 0.26

76.00 0.87 1.01 5.51 0.28

66.00 1.06 1.17 6.34 0.32

70.00 0.69 1.10 5.98 0.3.0

48.00 1.25 1.60 8.72 0.44

60.00 0.68 1.28 6.98 0.35

41.00 1.44 1.88 10.21 0.51

59.00 1.05 1.31 7.10 0.35

62.00 1.13 1.24 6.75 0.34

70.00 1.10 1.10 5.98 0.30

77.00

77.00

1.00

0.00

1.00

1.00

5.44

5.44

0.27

0.27
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Table 5-8.Main group unique aspects (weight
= 7.4)

o

o

Sub-Categories

<

c

<

JO

MAXIMUM IMPACT PTS. 25.9 40.9 33.2

1. Four Mile Draw 10 35 26

2. Statebridge Draw 10 35 26

3. Vandamore Draw 10 35 26

4. Philadelphia Creek 10 35 26

5. Cow Canyon 10 35 26

6. Spring Creek 10 30 23

7. Big Duck Creek 0 30 23

8. Box Elder Gulch 0 38 28

9. 84 Mesa 0 8 6

10. Stake Springs Draw 10 36 27

11. Rinky Dink Gulch 0 8 6

12. Yellow Creek 10 25 18

13. Dry Fork 0 8 6

14. Water & Corral Gulch 0 35 26

15. Rocky Point Draw 10 28 22

16. Bowman Canyon 10 32 24

IMPACT ANALYSIS D E F G H

Four Mile 71.00 1.00 0.93 3.39 0.25

Statebridge 71.00 1.00 0.93 3.39 0.25

Vandamore 71.00 1.00 0.93 3.39 0.25

Philadelphia 71.00 1.00 0.93 3.39 0.25

Cow Canyon 71.00 0.89 0.93 3.39 0.25

Spring Creek 63.00 0.84 1.05 3.82 0.28

Big Duck 53.00 1.25 1.25 4.54 0.34

Box Elders 66.00 0.21 1.00 3.65 0.27

84 Mesa 14.00 5.21 4.71 17.20 1.27

Stake Springs 73.00 0.19 0.90 3.30 0.24

Rinky Dink 14.00 3.79 4.71 17.20 1.27

Yellow Creek 53.00 0.26 1.25 4.54 0.34

Dry Fork 14.00 4.36 4.71 17.20 1.27

Water-Corral 61.00 0.98 1.08 3.95 0.29

Rocky Point 60.00 1.10 1.10 4.01 0.30

Bowman 66.00 0.00 1.00 3.65 0.27
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Table 5-9.Main group contingencies (weight
= 4.7)

Sub-Categories
2

c

0, CD

o
u- a.

O
O

LL

o

re

a

E

eS

co

CD Q.
-J CO

CD

're
li

en
/

re

:>

MAXIMUM IMPACT PTS. 21.9 32.5 19.5 26.0

1. Four Mile Draw 17 28 18 20

2. Statebridge Draw 17 33 18 20

3. Vandamore Draw 17 28 18 20

4. Philadelphia Creek 17 28 18 20

5. Cow Canyon 17 29 18 20

6. Spring Creek 18 25 18 22

7. Big Duck Creek 13 20 15 22

8. Box Elder Gulch 13 20 4 16

9. 84 Mesa 10 10 10 10

10. Stake Springs Draw 8 10 10 10

11. Rinky Dink Gulch 8 15 6 12

12. Yellow Creek 14 12 17 10

13. Dry Fork 12 15 6 12

14. Water & Corral Gulch 12 15 6 12

15. Rocky Point Draw 17 20 17 20

16. Bowman Canyon 17 20 17 20

IMPACT ANALYSIS D E F G H

Four Mile 83.00 1.06 0.89 4.45 0.21

Statebridge 88.00 0.94 0.84 4.20 0.20

Varftiamore 83.00 1.00 0.89 4.45 0.21

Philadelphia 83.00 1.01 0.89 4.45 0.21

Cow Canyon 84.00 0.99 .0.88 4.40 0.21

Spring Creek 83.00 0.84 0.89 4.45 0.21

Big Duck 70.00 0.76 1.06 5.28 0.25

Box Elder 53.00 0.75 1.40 6.97 0.33

84 Mesa 40.00 0.95 1.85 9.24 0.43

Stake Springs 38.00 1.08 1.95 9.72 0.46

Rinky Dink 41.00 1.29 1.P0 9.01 0.42

Yellow Creek 53.00 0.85 1.40 6.97 0.33

Dry*Fork 45.00 1.00 1.64 8.21 0.39

Water-Corral 45.00 1.64 1.64 8.21 0.39

Rocky Point 74.00 1.00 1.00 4.99 0.23

Bowman 74.00 0.00 1.00 4.99 0.23
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COST FACTORS IN ENVIRONMENTAL

PROTECTION AND PLANNING

H. Michael Spence

INTRODUCTION

Questions of
"tradeoffs"

are prevalent in virtually every area of de

velopment being considered in America todaywhether in natural resource,
recreation, housing, manufacturing, rural or urban, or social or political

matters. We will examine one particular set of tradeoffsthe economic

onesin the area of environmental protection. The purpose is not to attack

either our basic need for environmental protection or the positive social

values that result from our commitment to that goal. It is, however, to

examine some of the basic costs of environmental protection which are

encountered by companies involved in oil shale development; to review

briefly the major laws that create both the environmental requirements

we must meet and their resultant costs; to suggest some areas to improve

the effectiveness of these laws; and to review some of the environmental

programs now being pursued by oil shale projects.

The dramatic expansion of environmental regulation occurring at the

federal, state, and local level over the past 5 years has resulted in sig

nificant economic dislocations, due in part to the changes in the way of

doing business, and in part to the shifting of costswithout corresponding
benefitbetween public and private economic entities.

Three important conditions of our traditional political and economic

system should be noted as underlying facts to be considered: (1) many of

the benefits of environmental protection are broad unquantified public

benefits and shifting the cost of providing those benefits may fall inequit

ably on various segments of private business; (2) private business de

cisions on environmental protection must be based upon the economic

profitability of a particular project and hence include finite inelastic limits

on costs, a factor not generally reflected in aggregate cost-benefit analyses;

and (3) the first principle of ecology, i.e., everything affects everything

else, applies equally to economics as to the environment. Thus, affecting

H. Michael Spence, vice president, The Oil Shale Corporation (TOSCO), Denver,
Colorado.
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costs affects productivity which affects prices which affects jobs and so on,

ad infinitum. In short, the achievement of social benefits of pollution

control by averaging costs over the economy through the application of

general standards often results in specific economic dislocation and the

attendant consequences.

In the rush to provide environmental regulation, the actual costs of

that regulation and the impacts of their specific application have generally

been overlooked. There has, in general, been a failure in the development

of environmental regulation to give proper consideration to economic con

siderationsjust as the environmental movement was born of an earlier

failure to give adequate consideration to environmental factors in economic

decisions.

LAW AND REGULATION

Over the past 5 years, several wide-ranging laws relating to environ

mental and pollution control have been enacted. In general, they provide

for joint federal/state efforts to establish control standards and procedures,

and for enforcement of the standards through coordinated efforts. These

major laws have resulted in measurable improvement in pollution control,

in substantial restructuring of federal/state relationships and regulation,

and in large expenditures relating to compliance. As background for a con

sideration of cost effects, we will summarize the major federal laws to

illustrate the magnitude of regulation which by 1975 costs the federal

government over $6 billion for direct programs alone.

The National Environmental Policy Act of 1969 requires the prepara

tion of a detailed statement of environmental effects and alternatives for

major federal actions significantly affecting the quality of the human

environment. This requirement appears disarmingly simple in the statute.

But through agency and judicial interpretation, it has resulted in the re

quirement for an extraordinary number of massive and complex statements

of environmental evaluation.

The Clean Air Act, as amended, provides for the establishment of

national standards relating to air quality, including (1) National Primary
and Secondary Ambient Air Quality Standards, (2) New Stationary Source

Standards, (3) Standards for Hazardous Air Pollutants, and (4) through

judicial order, still in litigation, National Nondeterioration Standards. In

addition, the act provides for assistance to states for the development and

approval of state air quality implementation plans to meet the national

standards.

The Federal Water Pollution Control Act requires EPA to enact (1)
effluent limitation guidelines for major categories of industrial facilities,
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(2) effluent limitations for toxic pollutants, and (3) pretreatment standards
for industrial facilities using municipal facilities. It authorizes states to

prepare Implementaton Plans for administration of the NPDES permit

system when approved by EPA.

Still in nacent form, the Safe Drinking Water Act of 1973 provides

for the establishment of national health standards for public water supply

systems, with enforcement by state and local government when plans are

approved by EPA. All matters which directly or indirectly affect such

systems are subject to regulation under the Act.

Other federal laws of broad application relating to solid waste disposal,
pesticide control, noise control, marine protection, and coastal zone man

agement also have been enacted but will not be considered in detail here.

Inherent in the statutory framework described above is the necessity

for the establishment and implementation of detailed regulations by ad

ministering department and agencies. There are a great number of these;

each is highly detailed, and they are quite complex. The end result of most
of these regulations is the imposition of control requirements on industry
in one form or another. It should be noted that the changes which have

occurred as a result of this mass of environmental regulation are not limited

to matters of degree but represent fundamental impacts on both procedural

and substantive aspects of the national economy. The following matters

are particular areas in which the large increase in governmental pollution

control regulation has caused noticeable changes. The extent and ultimate

effect of these changes, in economic and other terms, cannot yet be

measured.

Multiple Concurrent Regulation

The layered approach to regulation represented by the Clean Air Act

and the Water Pollution Control Act places supreme authority in the

federal government, with delegated implementation authority in state or

local agencies. Whatever the effect of this concept on federal/state rela

tionships, from the standpoint of the regulated person the system creates

several problems: (1) the rigid application of national standards limits

the ability of states to provide regulations tailored to local conditions and

compatible with other state policies, and (2) regulation of environmental

actions is inherently imprecise and requires judgmental decisions. When

residual authority to overrule or "second
guess"

technical, site-specific,

regulatory decisions exists, as in the case of the major air and water regu

latory systems, the resulting uncertainty which must be placed upon such

decisions by the regulated party adds a significant risk factor to business

evaluation.
"Final"

detenninations, if available at all, may entail litigation

lasting years.
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Administrative Discretion

Akin to the problems of multiple concurrent regulation, but differing
in application, is the matter of administrative discretion. Even though

detailed standards and procedures have been developed for the imple

mentation of particular policies, the nature of environmental concerns is

complex, the availability and collection of data imprecise, and the applica

tion of broad standards and policies to specific events sometimes in

equitable or absurd. The natural inclination of persons charged with

responsibility for approvals is to require absolute proof of many matters

which are not susceptible to such proof. Because of the "second
guessing"

problem referred to above, field personnel may prefer to make no decision

or make decisions requiring impossible compliance. Relating to this tech

nical aspect of decisions is the problem which arises when lower echelons

are delegated responsibility for evaluation and recommendation, but ap
proval authority is reserved at higher levels remote in distance and under

standing from the problems being considered. This sometimes results in

the most knowledgeable persons not being closely involved in decisions.

Citizen Suit Enforcement

Legislative enactments and judicial interpretation have provided broad

rights of legal standing to individuals and organizations to intervene

through the courts for interpretation of environmental law. Litigation has

been a most effective tool for environmental organizations in forcing
agency compliance with NEPA. However, industry has been caught in

the middle of this litigation and ends up paying the economic costs.

Whether this policy technique of "private attorney
generals"

enforcing

matters of special interest to them has been in the public interest is ques

tionable. Weighing the public interest might show substantial public

benefit could be obtained from alternative enforcement methods, such as

applicant statements and from certainty of procedural compliance.

Fundamental in these costs are delay costsbest illustrated by Trans-

Alaska Pipeline, originally estimated to cost $1 billion and now estimated

at over $6 billion. Even if delay costs were assumed to be 10 percent per

year, modest by today s standards, the gross dollar increase from inflation

is staggering even to the very largest companies (e.g., 10 percent of a $1

billion project is $100 million annually).

Land Use and the Taking Question

Environmental regulation deals with land, air, and water; therefore,
it inevitably affects the use of both public and private lands. There is no
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present federal law of general application broadly providing for land use

planning. Nevertheless, nondeterioration regulations, proposed indirect

source regulations, and NEPA evaluations inevitably have land use im

plications as a direct consequence of this application. This area of activity
has generated much litigation which is likely to continue.

The matters discussed above relate to public policy aspects of regula

tion. Although it is difficult to quantify or segregate their economic effects,

one can be assured that they affect the cost of business. It is worthy of

note that the cumulative or synergistic effects of regulatory actions also

affect the profit motive and economic system. There are no statistics on

projects avoided because of lack of economic incentive, but there are real

limits upon project costs in the market system which lies at the base of our

economy. Profits are indispensible to economic activity and to economic

progress. Without profit there is no margin to raise wages, pursue research,
or provide capital to maintain, replace, or upgrade time-worn facilities, or
to increase our economic well-being.

THE COSTS OF ENVIRONMENTAL PROTECTION

In examining environmental costs, most of the published work has

dealt with aggregate national or industry costs, public policy justifications

and limited methodological arguments. While generally avoiding con

frontation with the question, virtually all of the work is based upon an

inference that if national aggregate averages of benefits are equal to or

greater than aggregate costs, regulatory programs are justified. Questions

of optimization, relative cost efficiencies, or alternative regulatory systems

have been noticeably avoided.

This macrocosmic approach to evaluation of environmental regulation

offers little insight into the problems of specific plants, companies, or in

dustries, nor does it offer much useful thought toward improving and

simplifying regulatory policy and procedures.

The microcosmic approach to environmental evaluationthat is, the

effects and impacts upon specific business projectsmay provide insights

into regulatory activity and standards which will be useful in evaluating

the regulatory system. The premise here is not that environmental regula

tion is bad; on the contrary, regulation is both essential and beneficial.

Rather, the major objections to regulations from an economic viewpoint

are that the establishment, application, and procedural aspects of environ

mental regulations are'often inefficient, unrealistic, or of limited benefit

in attaining stated objectives. The inefficiency inherent in macrocosmic

regulation inhibits application of the regulations in the microcosmic world.

Too often environmental standards have been prepared in a vacuum with

out evaluating attendant secondary and tertiary effects. Examples of this
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include requiring scrubber efficiencies so strict they result in an increased

energy use which causes more net pollution, and the failure to evaluate

the secondary effects (the marginal utility and sulfuric acid mist effects)

of requiring catalytic converters on automobiles. The irony of this situation

is that perhaps the single most valuable contribution of the environmental

age has been to bring about a real understanding of that first principle

of ecology, that everything indeed affects everything else; and yet that

principle has been violated consistently in the establishment and applica

tion of environmental rules.

The EPA, in its annual reports, breaks down the costs related to

pollution into those incurred to avoid damage already done (for example,

the cost of driving farther to find an unpolluted beach) and the damage

costs themselves ( for example, illness and property losses resulting from air

or water pollution ) .

Then there are the costs of pollution control and abatementpaying

for the resources consumed in making and enforcing policies and regula

tion; and then paying to reduce the existing amount of environmental

degradation (for example, the cost of sewage treatment plants).

It should be noted the two sets of costs are opposite in naturethose

incurred to avoid damage already done and the damages themselves are

in effect the costs of permitting pollution. Whereas, control and abatement

costs are the costs of cleaning it up. Stated another way, these two groups

represent both the benefits and the costs of pollution control. One would

then expect, from an economic standpoint alone, that costs in the latter

category should result in equal or greater benefits (cost savings) in the

former category. However, an examination of these categories shows that

in an economic sense, these different sets of costs are borne by different

economic entities. Thus, it appears that
"damage"

and
"avoidance"

costs

are incurred by society generally; that the costs of policy formulation and

regulation are generally borne by the government, and thus the public

through tax revenues; and that
"abatement"

costs are generally borne by
business entities and to some degree by municipalities, and thus local

taxpayers.

The imposition of regulations which shift these costs from one eco

nomic entity to another has reverberating effects on the economy and

results in economic dislocations.

The shifting of some costs may be transitory; for example such costs

can sometimes be reflected in higher prices, or on the other hand, they
may be real when an inelastic price market exists. Furthermore, shifting
costs can also have significant effects upon an operation s overall efficiency

of costs.

Finally, these categories do not appear to consider intangible, or moti
vational costs which constitute a fundamental factor in the dynamics of a

capitalistic economy. The secondary, multiplier, and chain effects of profit-
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able business activity and the consumer effects of higher prices seems to

be ignored entirely. It is suggested that an objective evaluation of en

vironmental costs would include these factors, which seem to be little

understood, just as secondary and tertiary food chain effects are studied

under NEPA.

As can be seen from the foregoing analysis, the major costs which

affect business are in the category of
"abatement"

costs.
"Abatement"

costs

are often thought to be only the capital and operating costs for pollution

control equipment, when, in fact, they go substantially beyond such direct

costs.

Direct cost is the most easily quantifiable cost of environmental control

and the type of cost usually addressed in studies of pollution control. The

major components of direct cost which are involved in any large energy

project are:

staffing, consulting and planning costs for developing environmental

programs;

baseline data collection and evaluation, including capital equip

ment;

costs of preparation of environmental impact analyses and NEPA

statements;

costs of design of pollution control systems;

capital costs cf constructing pollution control equipment;

operating costs for pollution control equipment, including labor,
materials and additional energy requirements;

design of pollution control monitoring systems;

capital costs of installing monitoring equipment;

operating costs for monitoring systems;

aobriinistrative, legal, support, laboratory, and record-keeping costs

related to environmental programs;

staff required for compliance with nonequipment programs (e.g.,
spill prevention, etc. ) .

Sizeable portions of these expenditures are incurred at, or prior to, the

commencement of commercial operations. As front-end risk costs, the
time-

value of money gives these expenditures special significance in project de

cisions.

The on-going costs, including operating and pollution monitoring

activities will continue throughout the project. In the area of air pollution

control, the operating costs may substantially exceed the sizable capital

investment costs over the life of a project.

The discretionary, subjective, and uncertain nature of environmental

decision-making under the regulatory pattern previously described in

evitably results in substantial

"overkill"

in the design of environmental

programs in order to take a minimal risk policy. Because of the huge
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amount of money involved in energy projects, and the near-disastrous

effects of delay, prudence dictates the need for overkill.

By way of example, under the terms of their leases, companies partici

pating in the federal Prototype Oil Shale Leasing Program have, to date,

spent millions of dollars on direct cost environmental baseline programs

prior to commencement of any development activity. The lease terms

require extensively detailed baseline data for 2 years. Without questioning

the need for baseline data, it may well be questioned whether the huge

amount of data will produce environmental benefits significantly different

than would be produced by more limited programs aimed at major con

siderations of environmental control.

Indirect abatement costs include those costs which are not a direct

requirement of environmental mandate, but result indirectly from environ

mental regulation. Indirect costs are usually quantifiable with a substantial

degree of certainty but may be subject to offsetting savings as well. The

most obvious examples of indirect costs are the costs of delay, losses in

efficiency and the loss of future revenues.

Delay costs include the costs of maintaining staffs, servicing capital

debt and suffering escalating equipment and material prices resulting from

delay in environmental approval or from litigation. NEPA planning re

quires the collection of baseline data, the preparation of significant engi^

neering and project design work and the evaluation of the impact of the

latter on the former. The performance of engineering work, out of normal

sequence and prior to any project assurances, imposes significant project

management problems and risks which heretofore were not present. De

veloping the organization and momentum of large projects involving
thousands of persons does not lend itself to piecemeal or limited work and

the costs and inefficiencies of NEPA requirements in that regard are large.

Further time is required for governmental preparation of the formal NEPA

statement. In any large project these time delays amount to years. Two

of the more dramatic examples of delay costs occasioned by NEPA, or

other environmentally oriented delays, are the Trans-Alaska Pipeline men

tioned above, and the Kaiparowits power project in southern Utah, where

project sponsors estimate delay costs to be $6.3 million per month.

One might well ask whether alternative procedures for evaluation

could not be devised which would provide substantially the same public

protection without requiring excessive time delays. The experience of the

Colony Shale Oil Project is equally illustrative. Colony is a Joint Venture

of A. R. Co., Shell, Ashland, and TOSCO. That project was extended

several years by the gathering of data and preparation of NEPA materials

and approvals, and finally delayed indefinitely because of double digit

inflation.

There are four principal areas of concern in connection with an oil

shale project: surface disturbance, air pollution, water pollution, and socio-
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economic impact.

Surface disturbance by disposal of processed shale is probably the

most discussed environmental issue in oil shale processing. With the

Colony design, processed shale is to be disposed of in a nearby deep gulch

by construction of an embankment which will, when it is completed, only

partially fill the gulch. The embankment is constructed with moistened

processed shale which is spread in thin layers and then compacted. Com

paction makes the enbankment impermeable to water flow through it and

thus avoids pollution of underground water. The disposal plan also in

cludes dams to protect the embankment from flash floods and to collect

precipitation runoff for in-plant use. The embankment will be revegetated

by procedures which have been developed over a 10-year research and

demonstration period.

Colony fully expects that the processed shale embankment will be

found to be environmentally fully satisfactorynot an eyesore and likely
an asset. It can be made to blend into its surroundings by selection of

vegetative cover, or, if preferred, it can be made into a productive green

area.

The principal air quality question associated with the commercial

plant is the handling of the flue gas used to provide heat for the retorting
process. The plant design includes a wet scrubber system to control the

particulate content of the gas and an incinerator to control its hydrocarbon

content. Emission of oxides of sulfur and nitrogen are controlled by the

selection of fuels and, in the case of nitrogen oxides, the firing temperatures
of process heaters.

To avoid water pollution, the commercial plant design provides for

no discharge of water into surface drainage systems. Process water and

cooling tower blowdown will be used to moisten processed shale, and

such water will then be locked in the embankment.

Because of restricted economic opportunity, the oil shale country is

now only sparsely populated, even though it is an attractive place to live

in terms of climate and recreational assets. The social impact of oil shale

development will therefore be considerable, but it can be positive rather

than negative. The Colony program has included careful attention to com

munity matters and we anticipate that the social impact of the project will,

on balance, be strongly positive.

We are convinced that first generation technology is ready for com

mercial shale oil production. We also believe that the first commercial-

size plants will demonstrate convincingly that U. S. domestic shale oil is

both economically and environmentally feasible. If a 50,000 barrel per

day shale oil plant using our own TOSCO II process were onstream today,

the low sulfur product could be marketed competitively with the same

quality crude from the Middle East.

In short, we believe that commercial-size oil shale plants can be built
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and operated successfully in the United States without strip-mining, with

out violating present S02 standards, without surface and water pollution,

and without jeopardizing water resources, ruining streams or destroying
wildlife. And the socio-economic impact of commercial-size oil shale produc

tion is clearly manageable, if government and industry will approach it,
problem by problem, plant by plant, instead of viewing with alarm the so-

called massive impact of the impossible hypothetical situation in which

eight or ten plants spring up overnight in one area of one state.

What, then, is holding us up? In the main, it is a question of the

availability of capitalfor a first plant. Many private investors indicate

a willingness to participate in a second plant when the first one proves

the economics of the project. There are simply too many competing in

vestment opportunities without the risk of a pioneer project, with fewer

economic uncertainties, and with better projected rates of return for private

investment funds.

The most practical solution of this dilemmanow being considered

by Congress and the administrationis for incentives in the form of guar

anteed loans for a percentage of the cost of synthetic fuels projects. We

strongly endorse this proposal.

America has now entered an era when new methods of energy con

servation and new sources of domestic energy are vital to each of us.

Congress is addressing legislation to the near-term problem of conservation

and is appropriating public funds for long-term research. But that brings

us squarely to the mid-term, the 1980s and 90s. When we come to these

decades and possibly find solar energy still largely experimental and natural

gas being rationed, we will need to know whether or not domestic com

mercial shale oil production is economically viable and environmentally

sound.

Even with suitable incentives for pioneer plant construction, com

mercial oil shale development through about the 1980s can be expected

to be limited to construction in progress of at most a few pioneer plants,

and testing in 1980 of the Colony plant. Because of the advanced stage

of the Colony project, field construction on it could begin in 1976 and be

completed at the end of 1979.

Through about 1984, we at TOSCO anticipate that oil shale produc

tion will be limited toat mosta few pioneer plants, perhaps producing
200,000 barrels per day and possibly less. Second generation plants can

not be in production until after 1985 because it will take 4 or 5 years to

design and build them, and first generation technology will not be tested

and fully evaluated at the earliest before the end of 1980.

One factor contributing to the limited size of these projections has

been, and continues to be, the cost of delay resulting in part from various

environmental considerations. In 1972, for instance, the capital costs esti
mated for the 50,000 barrel per day shale oil plant planned by Colony were
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$255 million. By September 1974, those estimates had risen to over $650

million. Allowing for inflation over the past 13 months, the project cost

in September 1975 dollars is now estimated to be $750 million. This

particular type of cost escalation has public economic implications far

beyond the actual dollar increases, including fundamental questions of

profit, growth, and employment. Not only do such costs affect productivity

of a vital resource, but jobs as well. The current relationships among

energy consumption, gross national product, and employment indicate that

each million equivalent barrels of daily energy consumption supports at

least two million jobs. Material decreases in available energy will result

in major decreases in employment opportunity at a time when over 1.5

million new laborers enter the market annually.

Returning to other specific environmental costs we must include, in

addition to delay costs, efficiency costs. These include the loss of pro

ductivity resulting from additional energy consumption to operate pollution

control equipment and losses from incremental costs of design and loca-

tional changes, such as larger roads, larger blowers or greater lifting costs

necessitated by environmental protection.

In addition to the direct and indirect costs are a series of intangible

considerations that are difficult to quantify but which, in an economic

sense, are known to
occurproject abandonments, the removal of marginal

projects, and inflation.

As described above, there are limits on the costs of production in a

price competitive system. To the extent that the incremental costs imposed

by environmental regulations result in changing an attractive investment

to an unattractive investment, that loss of production represents a loss to

the economic system. Although it may be argued that investment will

simply be shifted to other productive use, such shifts can result in disloca

tions and, in the energy field, could result in the frustration of national

policies and goals.

Similar to project abandonment, the incremental costs of control may

result in termination of existing marginal projects. This differs slightly

from the case of project abandonment in that no opportunity for a shift in

investment is available since capital has already been committed. Thus

failure of marginal projects may also result in net loss in productivity and

jobs.

Generally, the imposition of environmental costs on a productive

system are thought of as nonproductive costs. That is, they increase the

costs of production, reduce the availability of energy, but do not increase

goods produced. Therefore, to the extent such costs are reflected in higher

prices they represent a net cost to the consumer and a lower standard of

material wealth. To the extent they are absorbed by the producer, they

reduce profits and the availability of capital.

The costs of environmental regulation to the taxpayer in governmental
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budgets is also sizable. Departments and agencies not directly involved

in environmental programs have all developed staffs to handle NEPA

compliance and the implementation of programs for placing both existing

and new government operations and facilities in compliance with policy

and regulation. The EPA, Department of the Interior, Department of

Transportation, Corps of Engineers, Department of Defense, Department

of Agriculture, and Energy Research and Development Administration

all have large staffs and programs devoted exclusively or substantially to

environmental matters. In addition, the indirect and hidden costs are

likely to be substantially in excess of reported figures. Perhaps more im

portant is the effect of NEPA on agency operating efficiencies. The delay
and complexity of environmental compliance has added a new dimension

to governmental red tape.

CONCLUSION AND RECOMMENDATIONS

We have tried to examine some limited aspects of environmental regu

lation and cost, and suggest some of the economic problems which result

to individual business operations from environmental regulation. The con

clusion of that examination is ( 1 ) there is no question that environmental

regulation is necessary and beneficial, (2) but the procedures and institu

tional method developed for administering the regulatory system can be

significantly improved without affecting the public interest, and (3) the

public interest in a healthy, efficient economy would be furthered as well

by simplification of the regulatory system. Some specific suggestions

follow.

Five years experience with NEPA has provided numerous insights

into the practical application and impacts of NEPA upon business activity.

Experience has demonstrated that many improvements in the law need to

be made. It is believed that improvements can be made which will in no

way impair the effectiveness of the law but which will substantially in

crease its efficiency in the public interest.

It is recommended that a serious objective, representative review of

NEPA be undertaken with a view toward improving the procedural aspects

of the law including: (1) alternative approaches to assuring agency com

pliance other than the laborious, time-consuming and costly judicial review

provisions, ( 2 ) the use of applicant statements as opposed to agency state

ments to avoid needless duplication of effort and time, and (3) a revision

of the procedural aspects of the law with particular emphasis on giving
added certainty to application of its requirements.

At this time, the basic regulations for air and water pollution control

have been completed in large part. Reevaluation of the detail of those

standards and procedures should now commence. Many regulations were
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written without substantial reliable evidence of the need for such regula

tion to serve the purposes given. Little thought was given to marginal

efficiencies of pollution control equipment in its application. The inter

relationship of the separate sets of regulations has been given little con

sideration. Field experience should now be considered in reviewing these

regulations to make them economically, as well as environmentally,

sensible.

As noted above, the basic emphasis should be placed on improving
the procedural applications of all environmental regulation, with emphasis

given to establishing certainty, both of standards and application.

Now is the time to review7 our environmental regulatory system for

improvements of efficiency. The important point is that significant im

provements in the regulatory scheme can
beand should bemade without

any weakening of the commitment to environmental protection. The past

5 years have resulted in great strides in enacting environmental protection

regulation. Major effort should be devoted in the next 5 years to the

simplification and improvement of those regulations, both in substance and

procedure.



 



ARCHAEOLOGICAL INVESTIGATION AND

MITIGATION IN THE THREE CORNERS AREA

Alan P. Olson

The recent development of energy sources in Colorado, Utah, and

Wyoming has had a significant effect on the management of cultural re

sources in the region. Problems have arisen in the process of interlocking
various federal agencies, industry, and institutions who contract to provide

the archaeological assessment.

The historic base for the protection of antiquities on federally admin

istered lands is found in the Antiquities Act of 1906 which states in part

that archaeological or paleontological material present on federal land must

be protected or investigated prior to any disturbance or alteration of the

land. A number of provisions are also made for archaeological protection

in recent legislation that is a result of the environmental orientation of

recent years. The federal agencies responsible for the implementation of

these statutes are many, including the Bureau of Land Management, the

Forest Service, Bureau of Indian Affairs, and a number of others.

The concept of archaeological salvage or specific recovery began with

the TVA dam program during the 1930s. While the benefits of informa

tion about the prehistory of the region were implied, the original impetus

was economic and the employment of persons from depressed areas was

primary. However, the approach differed from what may be termed "prob

lem archaeology. Salvage operations differ in that the archaeo

logical resources of a given region are sampled rather than designing an

excavation program around recovering a particular class of material or

excavating in larger, more productive sites. Problem centered excavations

are usually smaller in scope. Some recent projects are of large design, for

example, the Aswan Dam project which was a multidisciplinary effort that

involved hundreds of field personnel and budgets into the millions of

dollars.

The Second World War stopped salvage but it resumed in the early

1950s.

A number of projects were instituted such as interstate gas transmission

lines, the expansion of the Interstate Highway system, powerline routes,

Alan P. Olson, associate professor, University of Denver, Denver, Colorado.
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and dam construction, to name only a few. Most of these were connected

with some form of governmental supervision or implementation. Cooper

ation between the various agencies was very good and frequently con

tracting industries allowed the extension of archaeological investigation

into areas that they were not legally bound to cover, such as private

property. While this had a public relations aspect, it benefited both the

industry and archaeologists.

On the Missouri drainage, as a result of flood control dam construction,

literally hundreds of sites were excavated, tested, or surveyed. In the Glen

Canyon region a similar emphasis was given to the archaeological resources.

The resulting body of information on these respective regions make them

some of the best studied areas in America. These investigations were the

result of cooperation between a number of institutions and were significant

in-depth studies using as many approaches as were feasible to recover as

much data as possible.

Since these investigations were concentrated on relatively small areas,

it was possible to obtain a much broader sample of the material present.

The research design was directed to obtaining as much material as possible

within the boundaries of time and money. Much new information was

recovered which had not been previously investigated. Within limits, all
archaeological sites, large or small, were tested. This provided more in

formation on settlement patterns, cultural ecology, and made possible a

much more definitive pattern of cultural development and change. But

the data collection orientation was to recover most of the material since

it would be destroyed or covered by water. Any material not obtained

would be lost as a resource and some was. Also there was the loss of ma

terial that was not recognized until it was too late and had been removed

as fill or through some other construction activity.

This orientation continued through the 1960s and in some instances

is still operating. An example is the on-going archaeological research

(Gumerman 1970) on Black Mesa, Arizona, where Peabody Coal excava

tions are programmed well through the turn of the century. Federally
sponsored projects such as dam construction and highway building have

significantly decreased in number and the necessity for rapid excavation.

Beginning in the late 1960s and early 1970s the archaeologist's ap

proach changed. The delight in being able to excavate completely a given

site remains, but the profession began a period of reassessment that is still

going on. It was at this point that the term
"mitigation"

appeared and a

disinct change in orientation began. Several factors affected this new

methodological approach.

First it was recognized that archaeological resources are finite and,

to borrow a phrase, archaeology is an endangered species. The profession

was mining the resource with little possibility of cultural recharge. The

archaeological heritage of America is great, but each site excavated is lost
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and can only be reconstructed to the level of the recording systems used;

it cannot be recreated. Methodology was restructured and a new aware

ness of problems spread through the profession.

Avoidance became one of the key phrases and research design was

changed to not excavate sites, a seeming paradox. If at all possible con

struction was supervised to leave as many sites unexcavated as possible, by
rerouting right-of-ways, changing locations for surface disturbance, and

alerting contractors and field personnel to this end. However, in a number

of instances, it was and will be impossible to avoid all the sites, and these

are excavated. Another problem is that sites which are avoided are im

mediately called to public attention and these then become the target of

individuals who may excavate without any controls, merely to obtain any

artifacts present. This is another possibility of loss of information that is

a very real problem.

Another concern is that archaeologists recognize that the methodology

that we use in excavation and analysis is not perfect. An example is the

development of radiocarbon dating. Prior to the development of this most

useful technique, organic samples of material were usually not saved unless

they were fashioned into artifacts. Charcoal, one of the better materials

for age determination, was not saved prior to the Second World War

unless it could be dated by the tree-ring method. To date material gath

ered prior to the war, it is necessary to convert artifacts to carbon, some

thing which does not delight museum directors. There have been a host

of new techniques which include sophisticated recovery methods, such as

multiple screening, water flotation to recover botanical material, and a

number of approaches from other disciplines outside archaeology. The goal

of being able to reconstruct the cultural pattern of a given group and their

adaptation to their environment is getting closer, but is still not complete.

If a site is to be destroyed, it is completely excavated. However, if

the site can be left undisturbed, a portion of the site is excavated, with the

concept of a statistically valid sample, and some of the site left unexcavated

in the hope that better methods will prevail and that more information

can be recovered at a later date. If the site can be completely avoided, so

much the better. In any case the effect of man's alteration of the face of

the earth is mitigated with varying degrees of effectiveness. Archaeologists

are now trying to recover what will be destroyed but also are attempting
to fill in gaps in the record. It may also be possible to return to a partially

excavated site and obtain information that might be suggested in the

laboratory analysis.

New problems are arising. Energy development will proceed, and

this will have an effect on archaeological recovery. To an extent the pro

fession was caught short by this recent trend. Very few archaeologists are

not connected with some institution. And few institutions can afford the

luxury of supporting strictly field archaeologists who have no other duties.
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Administration, teaching, and a host of other duties obtrude into the

periods of construction time which overlap with the school year. Summers

are usually the only time available for protracted field work. At other times

of the year this conflict works a hardship on both the archaeologist and

those in industry who have completion schedules.

Another problem that archaeologists are facing is the identification of

trained personnel who are competent at various levels in the field oper

ation. The Society for American Archaeology (McGimsey) has addressed

itself to this and at the moment no solution is in sight. Who is to certify

whom is probably the central concern. Also what criteria are to be used?

Field work, publication, advanced degrees? No easy solution, but one

thing is clear: there are not enough archaeologists to adequately and

quickly complete the work necessary on the lead time that is available.

Industry has not set any standards of archaeological competence since they
have not had any need to. Their primary concern is in obtaining archaeo

logical clearance and complying with the various statutes. While there

may be interest in what the program produces, it is plain that construction

goals are primary, as they should be. On the other hand, various federal

agencies that are responsible for supervising these programs are concerned

with the quality of archaeological expertise provided.

It should be noted that several features of the Antiquities Act are not

well known. The federal permit is granted to an institution and not an

individual, although a principal investigator is named. The institution

accepts the responsibility of administering the project and then storing the

material recovered, held in trust, for the government. This effectively

eliminates free-lancing, unless a special agency for contract archaeology is

set up, as in New Mexico.

Another problem is that there is no way for a given archaeologist to

anticipate what demands will bemade during a given period of time. Who

is available or competent is spread by word of mouth through the various

companies or recommendations are made of individuals through the State

Archaeologist s office. These recommendations are usually in terms of prior

work in an area or geographical proximity. Therefore it is virtually im

possible to apply for a federal permit that will cover all the areas that

should be investigated.

A request is made of a particular archaeologist to investigate a parcel

of land. If this area is not within a permit area, an emergency permit must

be obtained from the Department of the Interior in Washington. This is

time consuming for both the Department and the investigator. Then

contact must be made with the regulating agency for the particular parcel.

While no permit is obtained at this level, the Washington permit must be

approved, and any other stipulations attached. Only after this step can

clearance be granted to do whatever archaeological work is necessary.

There are also various levels of investigation that must be followed, such
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as surface examination of survey, and finally excavation. These methods

are noted in the permit.

All of these features create problems in lead time. The interlocking
of the three agenciesfederal, corporate, and institutionalprovide prob

lems that far outweigh the actual field investigation. The field work is the

easiest portion of the program. The initial organization and the necessary

reports are much more time consuming. Fortunately there appear to be

simplifications in obtaining permits.

With the development of energy sources in the Three Corners area,

these problems will have to be faced with increasing frequency in the

coming years. There are some pilot projects which may have implications

in this regard, such as the archaeological surveys on Tracts C-a and C-b.

The Rio Blanco Oil Shale Project (Gulf and Standard, Indiana)
instituted an archaeological project beginning in 1974. Initial exploration

was limited to pad sites, locations of various sensing stations, and access

roads. In the summer of 1975 an intensive survey was made of the tract, a

mile perimeter, and a proposed spent shale disposal area. Over 190 loca

tions of archaeological material were found. Field analysis suggests that

this occupation spanned several thousand years and that this portion of the

Piceance Basin was seasonally occupied until probably the beginning of

this century.

Tools found are those associated with hunting and processing gathered
wild plant species. Arrow or projectile points are linked with processing

tools such as knives and scrapers. Grinding tools point to converting seeds

or nuts to an edible flour. Further analysis will be oriented toward identi

fying the various cultural groups that occupied this portion of the Basin

and linking them with surrounding areas.
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APPROACHES TO LARGE-SCALE LAND

RECLAMATION IN OIL SHALE DEVELOPMENT

S. A. Bamberg

ABSTRACT

Considerations for the reestablishment of viable ecosystems on land

disturbed by oil shale development activities are presented. Strategies and

approaches for revegetations on different terrain and resulting from various

types and intensities of disturbances are discussed. Conditions needed to

balance the ecosystem components of plant productivity, consumers, and

decomposition processes for long-term stability are reviewed.

INTRODUCTION

In the recent development of energy and minerals, one of the major

environmental concerns has been the restoration of the land to productive

use after extraction of the resource. In the past, either there was no recla

mation whatsoever, and the land was left to revert naturally to some

undetermined state, or the reclamation activities were limited in scope.

There are two recent developments which now require other con

siderations in reclamation. These are the accelerated rate of resource de

velopment, principally energy minerals, and the greatly increased amounts

of land area that will be disturbed in their production. It is no longer

feasible to expect natural processes to restore disturbed lands. We now

include 'environmental in the use of resource. One of these costs

is the restoration of biological productivity and human use on lands dis

turbed by resource development.
Several approaches have been formulated for reclamation. These can

for convenience be grouped basically into engineering techniques, agrono

mic practices, and the use and promotion of natural processes and suc

cession. Use of three of these approaches is necessary for successful long-

term reclamation.

Reclamation is required to reduce the impacts of a rapid development

S. A. Bamberg, EG&G Environmental Consultants, Denver, Colorado.
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of energy resource market, particularly in the western United States.

Multiple energy
resourcesoil shale, coal, geothermal and

uraniumare

abundant, and the urgent need to develop these resources exists. Since the

amount of land disturbed is going to be large, there is a need to restore

biological productivity to these lands.

The objectives of land reclamation in an area are related to its previous

uses. Much of the land that will be disturbed in the western states has

been used to this time for grazing. In the areas with higher rainfall, timber

and watershed are also important present uses. Agriculture in the West is

limited to deeper, level soils where irrigation is practicable. These agri

culture lands are not being considered for energy development as much as

grazing lands, but once disturbed, are difficult to restore to productive use.
Recreation is an important use of the oil shale lands. Deer hunting, fishing
and hiking are activities anticipated to increase in the areas where the oil

shale industry will develop. Restoration of the land for wildlife habitat

will support these continuing activities.

Federal and state regulations require that land used for resource de

velopment be restored for equal or better uses. Coal leases stipulate a

minimum of 5 and a maximum of 10 years responsibility for reclamation;

however, lease stipulations for oil shale development do not set time limits
on liability for reclamation. Perpetual management of lands by the re

sponsible federal or state agency has been suggested so that reclaimed

lands may be under some intensity of management after the primary

responsibility for reclamation is satisfied to insure continued productive use.

RESTORATION AND MAINTENANCE OF VIABLE

ECOSYSTEMS

Given that the primary objective in reclamation is establishing a viable

ecosystem that is productive and aesthetically pleasing, then an under

standing of ecosystem functions and the processes necessary for mainten

ance of this function is necessary. A simplified diagram illustrating the

important components, function and processes of the terrestrial ecosystem

is shown in figure 1. The important ecosystem functions given in the

diagram are: (1) primary productivity by plants by the process of photo
synthesis, (2) primary consumption by animals, (3) decomposition by
microflora and microfauna, and ( 4 ) biogeochemical cycling by weathering,

plant uptake and decomposition.

All of these processes must be functioning for an ecosystem to persist

and maintain integrity. Stability or change of an ecosystem is determined

by the rates of the processes maintaining it. Rates can fluctuate within

ranges normal for a particular ecosystem. In general, the more fluctuation

in rates or the more limiting are environmental factors, the less stable and
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Figure 1.Simplified diagram of ecosystem components and processes.

more fragile the ecosystem is, and the simpler it is in number and kinds

of organisms.

Diversity is an index of the different kinds and numbers of animals

and plants in an ecosystem. Diversity is maintained both within and be

tween ecosystems by having a structurally complex habitat in which no

environmental factor is lacking or limiting. Both stability and diversity are

considered desirable attributes for long-term maintenance of an ecosystem.
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In man-managed systems, particularly agriculture, stability is maintained

by inputs of material and energy such as fertilizer and plowing, and

diversity is decreased by suppression or elimination of undesirable or non

productive species by pesticides or by other practices such as chaining of

pinyon-juniper forest. The problem in reclamation is to enhance stability

without continual energy input and to promote diversity rather than reduce
it as is the case in most man-managed systems.

In ecosystems, plant succession after a natural disturbance is toward

greater stability and diversity in the mature, climax communities. An initial

effort to establish conditions for rapid succession after disturbance by

energy development would decrease the energy needed and time necessary

for reestablishment of stable ecosystem and productive use of the land.

The overriding question is to how to establish a managed ecosystem

after disturbance of land surfaces by oil shale development.

TECHNIQUES AND METHODS NEEDED FOR RECLAMATION

As we have previously mentioned, there are three approaches

needed for reclamationengineering techniques, agronomic practices, and

use of natural succession processes. These three approaches are all needed

in sequence for accelerated and effective reclamation. The final objective,

i.e., a stable and diverse ecosystem on the land being reclaimed, determines

how each of these approaches is used. Planning prior to development is

an important step before engineering is decided.

Engineering techniques establish the relationship of activities involved

in resource development, such as exploration, mining, transportation, dis

posal of overburden wastes and spent shale, to the final landscape. This

involves the timing and scheduling of activities so that reclamation pro

ceeds in an orderly manner consistent with the project. Stockpiling of

soil, movement of overburden, mining and placement of spent shale need to

be scheduled so that there is a minimum of time between disturbance and

reclamation of the land.

The sequence of engineering activities for reclamation involve first,
recontouring the surface to approximate the original contour and establish

ing a drainage pattern to prevent erosion. Some surfaces may need com

paction to prevent leaching of salts. On raw rock surfaces and spent shale,

a suitable substrate will have to be established by placement of a neutral

material such as overburden or a rock strata with no adverse properties.

Next, this surface will require other preparation such as ripping, moisture

catchment basins, or micro-contouring. Proper slope and benching on

faces on spent shale piles would be calculated for slope stability. Rounded

and informal benching reduce the visual impacts of waste material piles.

Erosion in drainages can be prevented by the placement of large rocks,
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stumps or other natural materials to dissipate the force of water runoff

and to form sediment traps and basins.

The final step in the engineering technique would be the placement

of topsoil on the prepared surfaces. Initially, soil would have to be stock

piled and planted with a quick vegetation cover until used. Later, the

soil could be taken from an area to be mined or stripped and put directly
on an area being reclaimed to prevent the loss of soil organisms. Several

types of final surface textures have been proposed (Sindelar and others

1974). These include chiseling, deep chiseling, gouging, dozer basins, and

cultipacking.

Proposed federal and state regulations for land surface restoration are

detailed and stringent. The methods for revegetation are less specific.

Agronomic practices determinewhat is necessary for vegetation growth

and the means for reestablishment of vegetation. It is important to es

tablish a good cover of vegetation within a year after the final surface

preparation (Hodder 1970). Soil amendments will need to be determined

in order that vegetation growth can be promoted. Most soils will prob

ably need initial fertilization for plant establishment. Initial seeding should

immediately follow final surface preparation. The best results are obtained

when seeding and fertilizing are applied in late fall or early spring and

immediately after surface preparation. The amounts and kinds of ferti

lizer needed are being examined by mineral analysis of the substrate

(Black and Kilburn 1973 ) . Soil organic matter may be lost or diluted by
surface mixing. Mulches of straw, wood chips, or other organic materials

may be mixed with surface soil if necessary. Good results have been

obtained combining a mulch with an asphaltic or chemical binder (Hod

der 1970). Sludge from sewage treatment plants may be applied initially
as a soil conditioner if it contains no toxic substances or heavy metals that

will build up in soils.

Irrigation during the critical period of initial plant establishment en

sures adequate moisture. Some types of irrigation yield better growth with

particular plants ( Schmaeli and Goldberg 1971 ) . The timing and amounts

of irrigation can supplement soil moisture during seasons or years when

droughts would inhibit plant establishment and growth. Irrigation should

not be necessary after a good stand of vegetation has been established.

The sooner irrigation can be discontinued and plants use the natural pre

cipitation, the more quickly a stable vegetation can be reached.

Plants may be established by seeding with a mixture of species that

have been previously selected for particular soil properties, slope, altitude,

and rainfall (Merkle, Hale, and Sims 1973 ) . For specific soil conditions,

such as fine texture or high salinity, plant species selected or genetically

developed for their tolerence to these conditions should be used. Shrubs

and trees can be established by transplants from local populations or plant

stock in suitable containers (Hodder 1970). There may be a need to
con-
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trol or suppress undesirable species of plants. In Utah and Colorado, weed

species, such as Russian thistle, halogeton, peppergrass, and cheatgrass in

vade bare areas and suppress growth of desirable plant species.

It is also necessary to prevent adverse conditions for plant growth.

Problems that may be encountered are principally related to soil proper

ties: high pH, excess salinity or alkalinity, low fertility, impervious layers,
surface compaction, high surface temperatures, and toxic materials ( Black

and Kilburn 1973). For example, in areas of oil shale development, leach

ing of salts from spent shale can contaminate the immediate and adjacent

areas or the salt may be brought to the surface and concentrated by capil

lary rise of water. Germination and growth have been enhanced by the

use of water-retaining materials such as plastic and mulches plus a chemical

stabilizer.

During active revegetation, periodic monitoring is necessary to de

termine the success of plant establishment. Progress can be evaluated and

adjustments to the revegetation plan made as needed. For example, sup

plemental seeding in thin plant stands will generally result in good germ

ination and growth due to the protection by already established plants.

The need to continue fertilizer application or irrigation can also be de

termined. The length of time active revegetation should continue depends

on when a relatively stable vegetation is reached.

Inoculation with the bacteria and fungi necessary for nitrogen-fixation

and decomposition of organic matter will be necessary on sterile soils.

Commercial preparation of soil inoculants can be applied. Soil from the

areas adjacent to the site being reclaimed which presumably would con

tain microorganisms native to the region could be applied provided this

did not denude other sites. Some kinds of microorganisms have efficient

means of dispersal, while others are very slow to colonize a new area. The

application of topsoil to land being reclaimed immediately upon its re

moval from an area to be developed next would keep soil microorganisms

intact and minimize the need for artificial means of inoculation.

During the initial revegetation protection from overgrazing or use by
animals is necessary. Animals prefer fresh, succulent plants and tend to

overgraze them in recently planted areas. Protection from large herbivores

can be achieved by fencing; however, high rodent populations are best

controlled by encouraging predators to come to the area with perches for

raptors and suitable shelters or protection (rocks, talus piles, tree trunks)
for animal predators.

In the intermountain West, natural succession from rock or mineral

soil to a mature ecosystem may take several hundred years. This is due to

the dry climate and the slow changes brought about by the plants. The

length of time necessary for succession to a mature community after a

disturbance, depends on the severity and on how much of the ecosystem

is disturbed. Minor surface damage as in drilling and exploration is more
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easily restored; however, reclamation of spent shale piles and waste rock

is similar to succession on bare rock or mineral soil.

Succession depends on the plants and weathering processes gradually

changing and ameliorating the habitat conditions so that the soils develop
and microclimates are less severe. The most prevalent change that occurs

in succession with time involves the soil. Soil becomes structured through

the weathering process and actions of growing plants. There is an increase

in fertility through weathering and mineral cycling and the addition of

organic matter by roots and litter decomposition. The soil is protected

from erosion by plant roots and microflora binding the soil, and by an

increase in the cohesion of soil particles. Temperatures near and in the

soil are less extreme than bare areas, and moisture is held in the soil by
organic matter and clay particles.

The processes that occur in natural succession that lead to a stable

ecosystem can be speeded up by the techniques outlined above. The initial

weedy stages of succession can be bypassed and the later stages shortened

by proper management. The addition of fertilizers and organic mulches

to the soil will speed up soil formation and the preparation of the seed bed

and seeding with desirable species will establish a productive plant com

munity. Protection from erosion and contouring the land surface will avoid

conditions that slow succession.

After the reclaimed sites are allowed to come under the influence of

the unaltered regional conditions, several changes can be expected. The

total plant cover will probably decrease and some species of plant will not

maintain themselves because fertilization and irrigation have ceased. Native

plant species from the surrounding areas and aggressive weedy species will

become established with time. Soil will continue to form; however, its

structure and composition will continue to alter with time. Animal popu

lations will further change the composition of the plant community by
selective feeding on plant species. These changes are expected to further

diversify the ecosystems by differential change, and eventually diverse and

stable ecosystems controlled by natural climatic conditions will become

established. Continued management has been suggested by Hull and

Holmgren (1964) for specific range uses either by livestock for grazing

or game and wildlife promotion.

At the end of the active reclamation phase several important questions

should be asked. Has a relatively stable plant community been established

and will it continue to be productive without additional manipulation?

Are environmental factors controlled within limits that do not inhibit pro

ductivity or some other important ecosystem function? Will the ecosystem

continue to change toward greater stability and diversity?
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TYPES OF ECOSYSTEMS LIKELY TO BE DISTURBED BY

OIL SHALE INDUSTRY ACTIVITIES

Plant communities in western Colorado, eastern Utah and southern

Woming are arid to semi-arid types of grasslands, shrub steppes,
pinyon-

juniper forests, and coniferous forests. Other habitat types are valley floors

with deciduous trees and open level shrubs or grassland. Steep canyon

walls and rock outcrops on steep slopes with sloping talus rock below with

a sparse or absent plant cover are common throughout this three-state area.

Major streams and floodplains are unlikely to be disturbed. Grazing and

other uses have already altered most of these habitats by suppressing native

plant species and allowing invasion by exotic plants, especially weedy

species.

Most of the habitat types described above can be developed on re

claimed areas and plans should include different habitat types in a re

claimed area. A major problem which has not been faced in oil shale

development is revegetation of extensive areas of spent shale. For these

large areas a portion of the land can be left either as talus or bare rock

outcrop since both of these habitat types are common to the areas. The

factors controlling which habitat type is best suited for an area are the

altitude, slope, aspect and type and depth of soil. There are additional

reasons for planning for a diversity of habitat types in areas. A landscape

that has several diverse habitat types more resembles a natural landscape

and is more aesthetically pleasing. Many animal species require a diversity
of habitats to maintain their populations and the boundaries between

habitats are often used. Deer herds are a good example of an animal that

uses several habitats.

The types of activities associated with oil shale development that are

likely to leave areas with special problems in reclamation are those where

waste materials are deposited, particularly spent shale. Present plans are

to deposit the spent shale and waste rock from mining in nearby canyons

or spread on uplands. The vegetation types that would be best suited for

revegetation in this area of flat, reclaimed surfaces are a mixture of grasses

and shrubs plant communities. Steep slopes on the faces of spent shale

embankments would best support shrubs or scattered pinyon or juniper

trees.

Other activities such as drilling, subsurface mining and transportation

leave surfaces with the approximate original contours intact which are not

difficult to restore after abandonment (Hodder 1970). These surfaces can

be loosened and the surface prepared for revegetation without extensive

subsurface alterations. The same considerations of erosion prevention,

initial reseeding, and periodic monitoring are needed.

In areas where surface mining for oil shale is anticipated, there will

be a need to reclaim sides and areas backfilled with overburden or spent
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shale in the open-pit areas. Similar techniques of contouring, surface

preparation and revegetation as discussed here for reclaiming areas with

spent shale deposits will be needed.

In summary, the procedures necessary for the establishment of stable

ecosystems are as follows. Determine the best habitat type for the slope,

altitude, rainfall and depth and type of soil in a particular region and

direct all planning and reclamation activities toward establishing this

habitat. A diversity of habitat type should be planned both for supporting
animal populations and for the aesthetics of a pleasing landscape. Next,

engineering activities should be planned to establish the slope and sub

strate best suited to the type of community planned. After the surface

and soil is prepared, amended and stabilized, plant species that will pro

vide good vegetative cover that are best suited or adapted to local condi

tions should be planted or seeded. It is important at this time to protect

the vegetation from overgrazing and to establish the soil organisms that

decompose organic material for nutrient cycling. Periodic monitoring will

be necessary to ensure that the reclamation is proceeding satisfactorily

during active reclamation and to determine any additional manipulations

that may be needed. The individual reclaimed areas can be further diversi

fied by the placement and use of natural materials of tree stumps, rocks

and by the use of benching and contouring. After active reclamation is

complete, the final recommendation is to check the areas, perhaps every

10 years, to see if natural succession is proceeding or if additional manage

ment practices may be needed to correct some problems.
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CHARACTERISTICS AND POSSIBLE ROLES OF

VARIOUS WATERS SIGNIFICANT TO IN SITU

OIL SHALE PROCESSING

L. P. Jackson, R. E. Poulson, T. J. Spedding, T. E. Phillips
and H. B. Jensen

ABSTRACT

An in situ oil shale development program requires consideration of

water produced with oil in retorting oil shale and of natural waters sig

nificant to oil shale processing. These waters may be heavily laden with

organic, inorganic, or both types of constituents and must be considered for

feasibility of use, storage or disposal in environmentally acceptable ways.

Analyses of such waters are presented. Compositions are shown for a

variety of simulated in situ retort-produced waters. Compositions of

natural underground waters occurring in potential in situ development

areas in the Upper Green River Basin of southwestern Wyoming are pre

sented. Retort-produced waters contain as much as 2 percent organic and

5 percent inorganic constituents and may be produced in volumes in excess

of that of the oil. Natural waters of significance may contain over 5 percent

inorganic and 5 percent organic components.

INTRODUCTION

The work presented in this paper is part of the U.S. Energy Research

and Development Administration (ERDA) program for in situ oil shale

development (Decora and Johnson 1975) being implemented by the

Laramie Energy Research Center (LERC).

Development of an oil shale industry based on the Green River For

mation in the arid West, in consonance with the Mining and Minerals

Policy Act of 1970 and the National Environmental Policy Act of 1969,

may require not only disposal of waste waters in an environmentally ac

ceptable way, but in many cases storage and use of laden water previously

Authors are with the Laramie Energy Research Center, Energy Research and Develop
ment Administration, Laramie, Wyoming 82071.
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deemed unusable (Poulson and Jensen 1974). State-of-the-art water puri

fication processes are not adequate to accept much of the water (either

natural or retort-produced) that might be derived from an oil shale in

dustry. Systems designed for petroleum-processing effluents would be

swamped by the vast amounts of mineral and organic matter which would

be present in the oil shale derived waters.

To help focus on this area of general concern in oil shale development,
we describe in this paper several types of water encountered at LERC in

the in situ technology research program. In the following discussion we

will consider the various types of water as they pertain to different oil shale

areas undergoing various stages of in situ experimentation or proposed de

velopment in the Green River Basin of Wyoming. Not all water types are

at each site. The program was initiated by the U.S. Bureau of Mines at

LERC and is now being continued under ERDA.

Areas discussed include Rock Springs Sites 4, 6, and 9 approximately

5 miles west of Rock Springs, Wyoming. These sites cover a range of

"pure"

or borehole-to-borehole in situ experimentation. At Site 4 in 1969

(Burwell, Carpenter, and Sohns 1969; Carpenter, Burwell, and Sohns

1972; Burwell, Sterner, and Carpenter 1973), the first sustained shale oil

production (8,000 gal) from in situ combustion retorting in lean Green

River Formation oil shale took place. At Site 6 combustion was achieved,

but no oil was produced above-ground. At Site 9 fracturing and site prep

aration have been taking place in anticipation of a bum. Baseline studies

are being made of the water as it exists at present.

A White Mountain site north of Rock Springs is being selected for

modified in situ experimentation. The modified in situ approach, which

involves limited mining (Ridley 1974), would be tested in a horizontal

mode. The horizontal approach may be more adaptable to the extensive but

relatively thin, lean oil shale zones of the Green River Basin. Environ

mental reconnaissance and site selection teams are working together to

find amutually satisfactory site.

A detailed look at some waters produced from the LERC 10 ton

simulated in situ (Nevada-Texas-Utah type) retort (Carpenter and Sohns

1974) will be presented. Oil shale and spent shale leachate analyses on

some Utah shales will be given. Data on artesian waters in the New Fork

Tongue of the Wasatch Formation in the northern Green River Basin will

be presented, adding to the work of Dana and Smith ( 1973 ) . Additional

data and studies on the black trona water from the Wilkins Peak Member

of the Green River Formation (Dana and Smith 1973; USBM 1953) will
be presented.

Five types of water which can have a foreseeable impact on develop
ment of in situ oil shale processing can be identified. A first type we will

call a conventional water supply which is either consumed or used on a

pass-through basis would be little different for an oil shale industry than
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many others. This water supply has been discussed in many places (De-

laney 1965; Moses 1966; Ely 1967; Balcomb 1968; USDI 1973; Sparks

1974) and, although important, will not be discussed in detail here. With

this conventional water supply we will also include conventional discharges.

Several varieties of water are included in the conventional type, such as

potable water for domestic uses, process boiler, and cooling water along
with the waste effluents generated by them. We could also include

aqueous effluents from refining operations which would be similar to those

from an analagous petroleum processing refinery except that the ammonia

production rate would be larger than with most petroleum plants of com

parable throughput of oil.

The product water coproduced with shale oil gives rise to a second

and third type of water whose distinction is somewhat arbitrary. These

are, respectively, the decant water which we will refer to as "retort

and the dissolved, adsorbed or emulsified water which would travel with

the oil and separate or be separated in the oil processing after the
decanta-

tion. This third type we will refer to as "bound The product water

from in situ type combustion processes is often produced in quantities

greater than ten times that in aboveground processes. Although Hubbard

(1971) has shown that such waters may be upgraded, the economics of a

large-scale process has not been proven favorable.

A fourth type of water is that naturally occurring groundwater inter

cepted by chance or by choice in underground development of an oil shale

zone. This could be high or low quality, but the groundwaters we have

encountered in Sweetwater County, Wyoming, are unusable for most pur

poses because of their high salt content. This area is of interest for the

development of in situ technology because lean, deep oil shales in that

area are not likely to be developed by methods other than in situ.

A fifth type of water identifiable is backflood water resulting from

natural water entering an in situ site after its development. This water

would be a composite of retort water and natural water with the added

effect of having contacted spent or partially spent oil shale and possibly

other newly exposed or newly formed mineral material in the backflooded

zones.

In the arid oil shale regions of the Green River Formation all available

water, even that of low quality, must be considered both for its dissolved

resource content and as a possible source of water for development. En

vironmental baseline establishment and water resource cataloging go hand-

in-hand as do waste management and use. The character of these waters

needs to be ascertained to help design further research programs in these

areas.

In principle an oil shale in situ development process in the Green

River Basin would not intercept water in an actual competent oil shale

zone because of the impermeability of the shale. There should be large
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regions for development which would be essentially dry except for water

bearing strata intercepted above or below the oil shale zone. Because much

in situ experimentation has taken place in shallow shale strata in regions

where some natural tension fracturing exists, groundwater does intrude, as

in the Rock Springs Sites 4, 6 and 9 to be discussed later. These sites could

be classed as atypical of the target area of competent shales in thin deep
seams which could only be recovered by in situ technology.

Each site for proposed development must be considered in sum total

as a specific case. Variations will occur with respect to water intrusion.

However, one general type of water that can be predicted to be involved

in practically all in situ development will be the retort water produced in

underground combustion of hydrocarbon material in the retorting process.

It is possible that noncombustive in situ retorting may be used in some

specific cases mitigating this effect. Also, the amount of hydrocarbon

burned in combustion-type in situ processes may be lowered significantly,

making an in situ process approach in every respect similar to the very

efficient aboveground-combustion retorting processes. These aboveground

processes produce not much more water than that associated with the rock

in the beginning and derive most of the process energy from combustion

of carbon remaining on the spent shale. The volume of water produced is

typically less than 10 percent that of the oil volume. In the aboveground

processes this water will be useful in wetting spent shale. In situ processes

will have little or no spent shale aboveground so that virtually all of the

recovered retort water would be available for other use or for disposal.

The volume of retort water produced is significant with respect to in

situ oil shale processing requirements. The consumptive requirement for

a 50,000 barrel per day in situ development process is estimated as being
between 2,200 and 4,800 acre-feet per year (USDI 1973). Assuming 1

barrel of water produced for every barrel of oil (Harak, Long, and Car

penter 1970), the daily production of water would be 6.44 acre-feet per

day which is 2,352 acre-feet per year, that is, slightly more than the mini

mum estimated for process water requirements. This has a very important

resource potential which cannot be discounted in an arid region such as

most Green River Formation oil shale regions.

As the cost of energy increases, aqueous waste disposal methods may
become more elaborate and as water in the West becomes more valuable,

water handling and renovation processes previously too costly may come

into consideration. Depending on which cost is overriding, that for energy
or that for water, different approaches will be sought. If laden water can

be disposed of with the intent of recovering its salt or organic loading,
transport to an area such as the Continental Divide Basin in south-central

Wyoming for evaporative concentration may become practicable. On the

other hand, if water is deemed too valuable to return to the atmosphere

directly, the emphasis will be on other types of separation or perhaps
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underground water storage pending development of suitable renovation

technology.

The following discussion gives a fairly complete representation of the

waters related to in situ oil shale development in the northern Green River

Basin so that technology may be considered for their best management.

ROCK SPRINGS EXPERIMENTS

One previous experiment, Site 6, and one current experiment, Site 9,
conducted at the Rock Springs in situ location (fig. 1) provide some insight
into the nature of in situ related waters. An older experiment at Site 4 is

being reopened after having been plugged after a successful burn experi

ment conducted in 1969. No data are available from this site as yet, but

a well is being drilled into the burn area which will provide samples of

backflood waters from a site considered to be inactive. Site 6 was an

unsuccessful experiment in that no oil was produced aboveground, even

though the underground combustion was considered a success and tem

peratures in excess of 500C were maintained for several days. Site 9 is

our current test and has not been ignited.

All three experiments have taken place in the Tipton Member of the

Green River Formation. This formation shows a 2 degree dip to the west

and a general geologic strike to the north in the region of the experimental

sites. The average Fischer assay on this section of oil shale is about 22

gallons per ton. Combustion tests at Site 4 were conducted from 68 to 88

feet below surface level (Carpenter, Burwell, and Sohns 1972; Dana and

Smith 1972 ) ; and those in Site 6 showed significant combustion at depths

of about 110 to 123 feet (Sterner, Thomas, and Carpenter 1975). Site 9

has not been ignited at this writing, but water samples have been obtained

in the pattern wells from about 180 to 190 feet at the production wells and

depths from 118 to 900 feet for the observation wells. All sites were frac

tured in the region of the production wells to create sufficient permeability

in the formation for combustion. It should be noted, however, that there

are naturally occurring fractures in the 75 to 200 foot deep region of the

Green River Formation here (Sterner, Thomas, and Carpenter 1975).

Site 9

Considering the most recent experiment first, the well pattern for Site

9 is shown in the figure 2. In the figure, production wells are designated

by numerals and observation wells are given letters. Chemical analyses,

as determined by the Wyoming State Chemists Laboratory, for the nine

production wells are given in table 1. Each value is the average of at least

15 samplings taken during 1974. Total dissolved solids values are low in
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9'

I
Site 9

- Pattern well

o - Observation well

No scale
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Figure 2.Well pattern for site 9 in situ experiment.

general because of salt decomposition. Corresponding analyses for eight

observation wells are given in table 2. They represent a single determina

tion only but are given for comparison purposes none the less. With the

exception of wells B and F which appear to be abnormally high, the obser

vation wells are significantly lower than the production wells in all ionic
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material as shown by the dissolved solids value which is one-third the

average value shown by the production wells. It may be that the proximity

of the nine production wells has encouraged additional fracturing in the

area along with mixing of the water, promoting solution of material into

the water table. Analysis of the same well water by spark source mass

spectrometry for trace metals is given in tables 3 and 4 for the pattern

and observation wells, respectively. These results do not show this three-

Table 3.-Elemental analyses: Rock Springs, Wyoming, site 9, pattern

wells

WELL NO.

Element CONCENTRATION9, ppm

Uranium 0.14 0.69 3-3 0.19 2.0 1.9 0.052 0.068 1.4

Thorium 0.002 0.005 0.002 0.007 0.028

Bismuth 0.005 0.001 0.003

Lead

Mercury

0.12 0.041 0.001 0.003 0.008 0.018 0.091 0.003

0.002 0.0003 0.0003 0.001 0.004

Tungsten 0.015 0.034 0.008 0.065 0.031 0.005 0.004 0.035 0.011

Tantalum 0.002 0.004 0.01 0.004 0.61 0.003 0.005 0.008

Praseodymium 0.001 0.002 0.008 0.004

Cerium 0.003 0.004 0.004 0.001 0.009

Lanthanum 0.008 0.008 0.003 0.008

Barium 0.071 0.36 0.038 0.010 0.023 0.023 0.071 0.11 0.018

Cesium 0.003 0.006 0.002 0.008

Iodine 0.037 0.016 0.36 0.049 0.22 0.050 0.003 0.074 0.17

Tel lur ium 0.012 0.006

Antimony 4.6 1.7 2.8 1.6 0.62 3.0 1.7 8.3 1.0

Tin
c

0.14 0.014 0.003 0.004 0.002 0.004 0.012 0.021 0.004

1 nd i urn
NRf NR NR NR NR

Cadm i urn 0.002 0.004 0.006 <0.002

Si Iver 0.013 0.001 0.004 0.004 0.004

Neodymi urn 0.026 0.005 0.026 0.015

Molybdenum 4.3 6.7 4.6 3.3 2.5 9.1 1.2 1.2 4.1

N i ob i urn 0.003 0.002 0.19 0.11 0.054 0.027 0.002 0.003 0.088

Z i rcon i urn 0.41 0.22 0.15 0.18 0.18 0.32 0.22 0.22 0.13

Yttrium 0.12 0.16 0.016 0.032 0.40

Strontium 0.72 0.72 0.42 0.11 0.59 0.58 0.72 0.34 O.83

Rub id ium 0.049 0.049 0.006 0.008 0.004 0.004 0.025 0.049 0.063

Bromine 0.45 0.19 0.50 0.22 0.52 0.80 0.23 0.91 0.49

Selenium 0.009 0.003 0.004 0.004 0.010 0.006 0.009 0.014

Arsenic 0.77 0.093 0.037 0.045 0.051 0.030 0.16 0.093 0.059

Germanium 0.005 0.005 0.001 0.001 0.011 0.005

Ga 1 1 i urn 0.004 0.003 0.001 0.001 0.004 0.004 0.001

Zinc 1.6 0.12 0.013 0.007 0.004 0.008 0.80 4.4 0.012

Copper 0.18 0.18 0.036 0.005 0.005 0.010 0.18 0.18 0.007

Nickel 0.086 0.040 0.95 0.21 0.34 0.33 0.086 0.20 0.72

Coba 1 t 0.007 0.034 0.005 0.001 0.003 0.006 0.017 0.017 0.041

Iron 6.0 6.0 0.2 0.57 0.21 1.2 3.6 12. 0.39

Manganese 0.11 0.048 0.019 0.020 0.006 0.012 0.11 0.11 0.018

Chromium 0.038 0.038 0.002 0.001 0.003 0.003 0.018 0.027 0.004

Vanadium 0.20 0.20 0.03 0.082 0.013 0.042 0.02 0.086 0.028

Ti tan ium 0.19 0.71 0.16 0.046 0.02 0.094 0.19 1.0 0.16

Scand i urn 0.013 0.005 0.006 0.004 <0.004

Ca 1 c i urn 12. 21. 40. 4.7 13. 9.4 II. 21. 5-7

Potassium 17- 11. 17. 20. 11. 14. 15. 16. 16.

Chlorine 6.7 6.9 =5500. 910. -3300. 810 6.7 6.8 =8600.

Sulphur NR NR =1900. 600. =1300. =1100. NR NR =2000.

Phosphorus 3-8 1.8 6.1 7.1 3.6 3.6 3.9 3-9 12.

S i 1 i con 9-8 9.8 1.3 3.6 3-7 1.8 5.4 36. 3.0

Aluminum 9.4 7-8 0.23 0.58 0.14 0.059 1.6 23. 0.20

Magnesium 15. 20. 20. 12. 13. 8.4 15. 15- 4.9
Sodium 3060. 5250. 4280. 3650. 3500. 4820. 4370. 4060. 8000.

Fluorine .

Nitrogen

28. 43- NR NR NR NR 30. 32. NR

NR NR NR NR NR NR 2.5 25. NR

Carbon 18. NR NR NR NR 450. NR NR NR

Boron 47. 49. 9.1 5-3 3.6 5.4 53- 53. 51.

Beryl 1 ium <0.003

Li thium 0.12 0.22 0.20 0.050 0.024 0.024 0.077 0.94 0.040

Oxygen not determined, other stable elements, except mercury, not listed were below detectabi I i ty limit of 0.001

mg/L for spark source mass spectrometry.

Mercury determined by flameless atomic absorption.

. Internal standard.

By aicrocouloaetry.

By pyrolysis of acid soluble carbon.

Not reported.
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fold increase in metal content between observation and production wells

and where the two analyses overlap the mass spectrometric results are

Tarle 4.Elemental analyses: Rock Springs, Wyoming, site 9, observation

wells

WELL NO. B C E F G H 1 J D

Element CONCENTRATION3, ppm

Uranium 0.22 0.002 0.028 0.003 0.07 0.001 0.17 0.019
Thorium

f
<0.002 <0.009 <0.004 <0.002

Bismuth NR 0.006 0.018 0.008 NR 0.007 0.004

Lead 0.004 0.002 0.036 1.6 0.015 0.003 0.19 0.07 0.001 0.003
Thai 1 ium <0.004 <0.002 <0.001

Mercury 0.0038 0.0007 <0.0002 0.0006 0.0003 <0.0002 <0.001 0.0003 0.0014 0.0001

Rhen i urn NR NR NR NR NR NR NR NR NR NR

Tungsten <0.001 0.048 0.010 0.025 0.010 0.004 0.012

Tanta Ium 0.020 0.003 0.018 0.093 0.004 0.010 0.004 0.004 0.002

Cerium 0.011 0.002 <0.001

Lanthanum <0.006 <0.001 0.001

Barium 0.028 0.021 0.13 1.4 0.14 0.025 0.34 0.028 0.004 0.010

Cesium 0.001 0.002

Iodine 0.53 1.8 0.90 0.19 <0.002 0.18 0.02 0.10

Tel lur ium <0.002 <0.002 <0.002

Ant imony 0.16 0.016 0.006 0.004 0.018 0.024 6.1

Tin
c

0.016 0.005 0.024 0.002 0.006 0.004

Ind ium NR NR NR NR NR NR NR NR NR NR

Cadmium <0.003 <0.002 <0.001 <0.001

Si lver <0.006 0.001 0.001 <0.002 0.008 0.005 0.008 0.001 0.001

Neodymium 0.026 0.005 0.026 0.015
Molybdenum 0.88 0.037 0.23 0.28 0.12 0.043 2.9 0.055 0.066 5.8

Niobium 0.28 0.002 0.002 0.1 0.021 0.027
Zirconium 0.21 0.001 0.006 1.6 0.031 0.8 0.062 0.09
Yttrium 0.36 0.011 0.001 0.001 0.001 0.006 0.012

Strontium 0.61 0.046 0.21 1.0 0.24 0.054 0.54 0.048 0.046 0.75
Rub id ium 0.010 0.007 0.025 0.29 0.022 0.009 0.030 0.025

Bromine 1.5 0.4 12. 31. 3.1 0.82 4.8 3.4 0.058 0.52

Selenium 0.003 <0.005 0.008 0.003
Arsenic 0.02 0.012 <0.006 <0.032 0.003 0.007 0.054 0.008 0.002 0.045

Germanium 0.001 0.001 0.014- 0.024 0.003 0.001 0.016 0.002

Gal 1 ium 0.002 <0.001 <0.001

Zinc 0.020 0.018 0.12 0.13 0.061 0.022 0.32 0.12 0.003
Copper 0.11 0.006 0.009 0.044 0.020 0.005 0.20 0.009 0.004 0.010

Nickel 0.63 0.001 0.002 <0.003 0.001 0.097 0.036 0.12

Cobalt 0.03 <0.001

Iron 1.7 0.068 64. 88. 16. 4.4 3-9 11. 0.010 0.20

Manganese 0.014 0.022 0.68 0.61 0.073 0.046 0.038 0.068 0.005 0.006

Chromium 0.001 0.001 0.003 0.032 0.003 0.001 0.016 0.003

Vanad ium 0.044 0.05 0.011 0.005 0.001 0.26 0.002 0.041

Ti tan ium 0.02 0.006 <0.002 <0.009 0.006 0.017 0.16 <0.002 0.019 0.20

Scandium <0.006 <0.004 <0.002

Calcium 21. 0.93 2.8 2.0 3.7 1.6 9-4 2.2 2.4 11.

Potassium 32. 5.2 6.7 20. 5.5 1.7 18. 8.9 2.2 16.

Chlorine =4900. 209. 3660. 6070. 705. 303. 2130. 1460. =1000. 430.

Sulphur 320. 75- 52. 7. 80. 54. 65. 52. 240. =1300.

Phosphorus 38. 8.5 0.70 120. 7.0 2.1 6.4 14. 0.06 7.2

S i 1 i con 1.9 14. 5.0 25. 3-8 7.0 13. 5-0 3.1 3.6

Aluminum 0.73 1.8 1.3 13. 0.97 0.49 1.5 1.3 0.11 0.028

Magnes ium 17. 0.26 2.4 3.3 4.6 0.63 26. 1.6 0.74 6.8

Sodium >\% 530. 445. 26200. 1760. 585. 54600. 4450. 750. 3000.

Fluorine .

Nitrogen

NR 2.5 4.2 112. 11. 4.2 54. 36. NR NR

NR NR NR NR NR NR NR NR NR NR

Carbon NR NR NR NR NR NR NR NR NR NR

Boron 81. 2.5 12. 148. 21. 11. 82. 46. 1.4 5.4

Beryl 1 ium <0.005 <0.002 <0.009 <0.005 0.002

L i t h i um 0.063 0.061 0.44 0.59 0.044 0.034 0.15 0.017 0.17 0.030

Oxygen not determined, other stable elements, except mercury, not listed were below detectabi 1 i ty limit

. of 0.001 mg/L for spark source mass spectrometry.

Mercury determined by flameless atomic absorption.

j Internal standard.
d

n .

By microcoulometry.

, By pyrolysis of acid soluble carbon.

^ Not reported.

^Project water well, depth 900 ft.

Instrument wel 1 .
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generally lower. Spark source mass spectrometric results are taken as

qualitatively useful but not of the accuracy of more standard methods.

In an experiment to enlarge the fracture system between wells 9 and

1, the lowest of the three existing fractures was isolated with packers and

an electric heater was used to heat air being forced between the two wells,

a distance of 53 feet. The water in the heated well was not pumped out

during the experiment but samples withdrawn at the conclusion of the

experiment showed as much as a fiftyfold increase in calcium content and

a 98 percent decrease in carbonate content and a 33 percent decrease in

the total dissolved solids. On the other hand, the water in well 1 was

pumped during the experiment and showed an increase in almost all ma

terials during the heating period but returned to preheating values when

heating was discontinued for several days. At no time did large increases

in values occur there. Total dissolved solids showed about a 25 percent

increase on the average during the heating period. This may indicate that

only moderate increases in chemical content values will occur in ground

water near in situ sites during retorting, and preretorting conditions will

prevail after the burn is over. Future experiments in observation wells will

be necessary to check this.

Site 6

Site 6 (fig. 3) was an unsuccessful attempt at in situ shale oil pro

duction. Conditions sufficient for retorting were maintained for an ex

tended period but at no time could volumes of oil as large as 1 gallon be

collected from the pattern wells. The chemical composition on the waters

from six pattern wells is given in table 5. These data were obtained from

the wells during combustion in the oil shale deposit. A series of monitor

wells were drilled approximately 6 months later around the pattern area.

The analyses on these waters are given in table 6. They show a much

lower chemical content than do the production wells during the burn.

In table 7 we show analyses of the waters from four production wells

near the center of figure 3 and observation well Q. These samples were

collected in August 1975 and show that the water quality in the pattern

wells has improved considerably from the burn period values in the

amounts of dissolved materials but they have not returned to the low values

shown by the surrounding observation wells. The one observation well

sampled this August shows more than twice the dissolved solids of the

pattern wells, and in fact, tends to resemble the pattern wells during the

burn. This may be due to water migration from the production well area.

Site 4

Water samples collected prior to and during the successful burn in the
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Figure 3.Well pattern for site 6 in situ experiment.

Tarle 5.Water quality analysis: Rock Springs, Wyoming, site 6, pattern
wells*

We 1 1 no .

Constituent 107 207 307 407 507 607 Ave.

Ca 1 c i urn - - - 58 59 - 58

Magnesium - - -

223 238 - 230

Sod i urn 6770 7370 7550 8170 11220 11740 8900

Potassium 31 41 34 28 35 36 34

Carbonate 2010 - 1900 1060 2800 1910 1940

Bicarbonate 5430 - 7280 9860 14650 11550 9750

Total carbonate 4647 - 5448 5891 9957 7557 6700

Sulfate 5270 3440 3330 3620 3790 9410 4810

Chloride 4763 4790 4620 3770 3880 3690 4250

Nitrate 4.5 5-7 6.8 2.1 4.0 3.9 4.5
Fluoride - - -

39 67 -

53
Dissolved sol ids - - - - - - -

PH
- - - 8.5 8.6 - 8.6

Boron - - - - - - -

Silica - - - - - - -

Total organic carbon
- - - - - - -

Sampl ing dates 12/70 12/70 12/70 12/70 12/70 12/70

to to to to to to

7/71 1/71 5/71 7/71 8/71 7/71

No. samples 23 3 14 15 19 17

Concentrations in parts per million,
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spring of 1969 are not available for Site 4, but a program is currently

underway to drill into the site and remove any liquid product found in

the formation, especially in the 20 foot thick production zone. Any oil

recovered will amount to "secondary product and give some

idea of what post-bum shale oil may be like. More importantly for this

study, it will also provide a sample of backflood water that is up to 6 years

old. The sample will provide our first look at this type of material and

will allow a more complete evaluation of the impact of shale oil develop
ment on water quality of an area.

White Mountain

Adits for a White Mountain horizontal-modified in situ experiment as

proposed will be into the mountainside either well up the face or near the

foot. It is probable that the site chosen will be a dry one so that the

waters generated there will be retort water and limited mining, processing,

and domestic waste waters. The mountainside site, although small, would

have potential for surface drainage of effluents over rather long distances

(Wyoming Water Resources Research Institute 1975) which is not so

probable in the other Rock Springs sites discussed. Accordingly, consider

able planning in waste water management will be incorporated into this

experiment. Site planning must incorporate mitigation of erosion producing
land disturbances as well.

RETORT WATER

Effect of Retorting Parameters on Waters

A series of experiments conducted from November 1974 to July 1975

in the 10-ton NTU type simulated in situ retort has yielded a series of

retort waters which have been examined for their chemical content. The

information which is garnered from this type of analysis will be applied to

better understand the retorting process. To date, only the gross characteri

zation of the water has been completed.

Briefly stated, the eight experiments summarized in the following
tables were conducted by the engineering group at LERC to determine

the effects of particle size and shale grade on in situ retorting of shale.

Four different particle size ranges of a Colorado and a Utah shale were

retorted under the same conditions and the results compared. In progress

at this time, but currently incomplete, is this same type of experiment

using a rich Colorado shale. The yield of oil and water from the eight

experiments is given in table 8. For the Colorado shale, no regular trend
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Table 8Yield of oil and water from simulated in situ experiments

Oil yield kg

Shale, Size, Assay, Water yield,

Run # origin inches gal/ton potential actual % kg

S-29 Colo. 0-1 23.8 569 337 59.2 357

S-31 Colo. 1-3 27 560 390 69.6 254

S-32 Colo. 3-6 32.2 704 375 53-3 387

S-33 Colo. 6-12 29.6 614 266 43.3 443
S-34 Utah 0-1 10.6 276 85 30.7 531

S-35 Utah 1-3 11.3 273 159 58.2 239
S-36 Utah 3-6 11.3 273 196 71.8 305

S-37 Utah 6-12 n.a. n.a. 29-5 n.a. 238

Unsuccessful run, flame front could not be maintained.

exists between oil or water yield and shale size. For the Utah shale, in

creasing shale size gave an increase in oil yield but the water yield did not

show this trend.

In table 9 we give selected chemical analyses for seven of the eight

retort waters. Various species were not reported because of interference

by the dense water color with colorimetric analysis. Values for total dis

solved solids were not included because apparent sample decomposition

and volatility gave low results in every case. As in the previous table,
regular trends are not readily apparent between chemical content and

particle size, but between the two types of shale it appears that the Colo

rado shale products are much higher in total nitrogen and sodium bicarbon

ate. The latter can be accounted for by the considerable amount of nacho-

lite associated with oil shale in the Piceance Basin.

An elemental analysis for a retort water from one of the Colorado shale

runs is given in table 10. Comparison of these values with the Site 9 obser

vation well waters (table 4) shows little difference in the elements present.
The variations in their concentrations do not exceed the variations found

in adjacent wells in the same formation.

Separative Technique

In figure 4 we show the general scheme used to extract the organic

material from the various retort waters. Use of ethanol-free ether is re

quired or the samples of acids and bases will be contaminated. This scheme

will not isolate material which azeotropes with ether or distills below

35C, the boiling point of ether. Also, ether soluble salts of the various

acids and bases will be isolated in the various acid base fractions.
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Table 10.Elemental analysis: retort water from Laramie Energy
Research Center, 10-ton simulated in situ retort

CONCENTRATION8

, ppm

Element Element

Uranium 0.002 Zinc 0.037
Lead

b
0.01 Copper 0.003

Mercury 0.01 Nickel 0.26

Tungsten 0.003 Cobalt 0.37

Cerium 0.002 1 ron 0.49
Lanthanum 0.002 Manganese 0.023

Barium 0.026 Chromium 0.012

Ces ium 0.002 Vanad ium 1.2

1 od i ne 0.003 Ti tan ium 0.2

Antimony 0.007 Calcium 7.3

Tin
c

0.11

NR

Potass ium 13.

Indium Chlorine 0.023

Si lver 0.003 Sulphur 93.

Molybdenum 0.47 Phosphorus 0.36

Niobium 0.001 Si 1 icon 48.

Zi rconium 0.02 Aluminum 0.024

Yttrium 0.002 Magnes ium 47.

Strontium 0.093 Sod i urn 54.

Rub id ium 0.14 Fluorine NR

Selenium 0.005 Ni trogen NR

Arsenic 0.26 Carbon NR

German ium 0.002 Boron 0.26

Oxygen not determined, other stable elements not listed

were below detectabi 1 i ty limit of 0.001 mg/L for spark

source mass spectrometry.

Mercury determined by flameless atomic absorption.

Internal standard.

Not reported.

NOTE: Product of runs is about % oil to V* water.
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Acros and Bases

The weight percent of material extracted in each fraction is given in

table 11. Again no clear trends may be noted from this data with respect

to shale size or grade and weight percent extractable organics. However,
the majority of the organic material is extracted as acidic material and the

order of extraction, acid-base or base-acid affects the apparent acid-base

ratio. This may be due to the formation of soluble salts. Nonaqueous titri-

metry indicates the presence of both acidic and basic material in both

fractions supporting this contention. When titrated in pyridine, the acid

fractions exhibit strong, weak and very weak acid components. Examples

of the acid classes are respectively carboxylic acids such as the first ioniza

tion of citric acid, benzoic acid and phenols, although phenols do not seem

to be present. Titration of the base fractions in acetic anhydride or

acetonitrile shows only weak and very weak bases. Examples of the base

classes are pyridines and amides, respectively.

Table 11.Weight percent of acids and bases in 10-ton retort water

Shale, Assay,

Weight percent

Run # origin Size gal/ton 1st acid 2nd base 1st base 2nd acid

Total Total

S-29 Colo.
0-1"

23.8 1.21 0.31 1-52 0.55 0.93 l.J8

S-31 Colo.
l"-3"

27

S-32 Colo.
3"-6"

32.2

S-33 Colo.
6"-12"

29.6

S-3^ Utah
0"-l"

10.6

S-35 Utah
l"-3"

11.3
S-36 Utah

3"-6"

11.3

S-37 Utah
6"-12"

n.a.

st acid
- 2nd base Indicates order of extraction.

0.5^ .15 0.69 -35 .68 1.03
.78 .15 .93 .1^ .i6 0.60

1.12 .23 1.35 .51 1.27 1.78

Samples of H90

.56 .16

not aval lable.

.72 .22 .68 90

l.H .22 1.36 .J*2 .68 1.10

.68 n.a. n.a. .31 n.a. 99

Carboxylic Acms and Phenols

Preliminary infrared and mass spectrometry confirms the presence

of each of the aforementioned functional types with the exception of the

phenols. The mass spectrum of the acid fraction does not indicate any

ions with the empirical formula CnHnO, the formula for the phenols. Their

absence is surprising since they are present abundantly in the oils. Addi

tional work will have to be done to ascertain their concentration limit.

The nearly exclusive occurrence of carboxylic acids in preference to

phenols in TOSCO oil shale retort water has been noted earlier by Cook

(1971). Later results from TOSCO show the presence of one part of
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phenols to four parts of carboxylic acids in water from the TOSCO II re
tort.*

It has been observed by Morandi and Poulson (1975) that the

carboxylic: phenolic ratio in shale oils varies considerably with the method

of production. In fact, the Rock Springs Site 4 in situ oil which has been

intimately contacted with trona water is relatively very low in carboxylic

acids. These acids presumably have been extracted into the aqueous phase

preferentially from phenols.

Radioactivity

Out of six shale oil samples tested along with the coproduced retort

water and spent shale extracts, one pair of oil and water were found to

have radioactivity above the background level. Of three samples tested

from the same shale source, only the one mentioned showed activity. The

radioactivity seemed to be associated with the oil and water and not the

particulates in them. Uranium is ubiquitous in the Green River Formation

and is probably the ultimate source of the activity although this was not

confirmed by specific analysis.

Polynuclear Aromatics

A study is underway developing techniques based on spectral fluores

cence of polynuclear aromatic compounds for fingerprinting shale oils and

related materials such as retort or backflood waters. Characteristic floures-

cence spectra have been obtained for three classic crude shale oils: The

Colorado School of Mines Research Institute gas combustion crude, the

USBM 150-ton simulated in situ oil, and the USBM Rock Springs Site 4

in situ oil. The study is being extended to available waters.

ASTM Task Group

An American Society for Testing and Materials (ASTM ) Task Group
of Subcommittee D 19.10 (Identification of Water-borne Oils) was formed

recently to explore ways to detect alternate fuels in water. The work will

be patterned after a similar program on petroleum spills but accenting the

special properties of various synfuels including shale oil. The current work

on retort water will tie in with this project.

Oil Scrubring by Retort Water

As already indicated in the carboxylic-phenolic acid discussion, a po-

M. T. Atwood 1975: personal communication.
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tential role of retort water possibly augmented in the in situ case by other

incursive water may be to perform a scrubbing action on the oil. Burger,
Curtin, Myers, and Wunderlich (1975) have shown aqueous caustic soda

effective in extracting arsenic from the TOSCO II shale oils. Much lower

arsenic levels in the Rock Springs, Wyoming, Site 4 in situ crude and a

150-ton simulated in situ crude from Colorado shale suggest that possible

scrubbing has occurred in these oils by the vast amount of alkaline water

they have contacted. Other parameters such as differing elemental analyses
of the shales or the particle sizes might have also played important roles.

Bound Water

The quantity of bound water as measured approximately by distilla

tion appears to be dependent on the way a shale oil was produced. Typical

quantities in crude shale oil from a gas combustion or Fischer assay retort

may be only a few percent, but the simulated in situ oils may contain from

a few percent to 50 percent distillable water. The Rock Springs Site 4 in

situ crude shale oil after standing nearly a year still produced 20 percent

distillable water.

The cleanup of bound water distilled into the overhead in processing

the oil would probably be relatively simple compared to the retort water

because of the loss of salt components on distillation. The role of this water

can be a very important one, however, in carrying water soluble metallic

salts with the oil. Just as in decantation of retort water, metals and polar

organics in the oil may be diminished by the degree to which bound water

can be "wrung by demulsification and desorption.

OIL SHALE AND SPENT SHALE LEACHATE

A preliminary experiment has been conducted using oil shales and

spent shales from several runs in the 10-ton simulated in situ retort on the

effects of leaching a spent in situ shale. This shale was of Utah origin.

Data given in table 12 should be directly comparable to previous work by

Ward, Margheim, and Lof ( 1971 ) on Colorado shale. They showed that

the amount of leaching related more closely to the volume of water used

than method of contracting.

NATURAL GROUNDWATERS IN THE NORTHERN

GREEN RIVER BASIN

The natural groundwaters present in the northern Green River Basin

are being sampled and analyzed routinely as part of a program for possible
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in situ development of the deeply buried oil shales in that region. Two

water bearing geologic members have been identified and will be dis

cussed. These are the New Fork Tongue of the Wasatch Formation, an

artesian aquifer described by Dana and Smith ( 1973) earlier, and an over

lying aquifer, the Wilkins Peak Member of the Green River Formation.

This Wilkins Peak Member is an oil shale bearing zone and also produces

the so-called "black trona also described by Dana and Smith

(1973).

New Fork Tongue of the Wasatch Formation

The potential of this aquifer for commercial use has been described

and the well location and specific given by Dana and Smith ( 1973 ) . Water

quality analyses from an extended series of samples are given in table 13

for this aquifer (wells 1, 3, 5, 6, 7, 8 ) . Trace metal analyses are included

for these waters in table 14. In table 13, we point out the marked differ

ence between a
"normal"

water (wells 1 to 8) and the black water con

taining wells 9a to MD4. Apart from a high sodium bicarbonate-carbonate

(trona) level, wells 1 to 8 show nothing abnormal, but the black water

containing wells shows a high to very high organic carbon content and an

extremely high salinity. The analysis of these waters is very difficult as

witnessed by the large discrepancies between total dissolved solids and

"individual"

constituent values. These black waters are discussed more

fully in the next section as is the organic material present in the black water.

Wilkins Peak Memrer of the Green River Formation

This aquifer produces the black trona water described by Dana and

Smith (1973) and USBM (1953). The water is characterized by its high

pH and high organic content, both of which are variable but high by

any standard as shown by table 13 for wells 9a, 9, 10, MT (Mary Tomich),
and MD4 (McDermott). Trace metal analyses are included for these

waters in table 14. The variability of this water is probably due to a mixed

aquifer situation at the well bore. Recently a core hole well ( NWS*, sec.

20, T. 23 N.R. 106 W., Sweetwater Co. ) was completed to the black water

stratum and cased to produce
"pure"

black water. No properties on this

well water are yet available.

Use of the organic material in the black water has been tantalizing
because in some cases the water is richer in organic material than the local

oil shale. It has been postulated (Dana and Smith 1973 ) that the artesian

pressure of the black water is really rock pressure because peripheral drill

ing indicates no source of artesian drive. If so, the black water may reside

in a void volume in the oil shale which after dewatering could be distrib

uted through the oil shale explosively in a modified in situ type of approach,
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Table 14.Elemental analyses: northern Green River Basin wells

New Fork Tongue/Wasatch Wilkin's Peak/G.R.

WELL NO. 1 3 5 6 7 8 9a 10 MT M04

Element
CONCENTRATION3

. PPm

Uran i urn 0.018 <0.004 <0.003 <0.003

Thorium
NRf

<0.01l <0.008 <0.006 <0.007

Bismuth NR NR NR 0.041 <0.012 0.012 0.013

Lead 0.027 0.093 0.015 2.4 0.013 0.075

Thai 1 ium <0.005 <0.004 <0.003 0.003

Mercury 0.0005 <0.0002 <0.0005 <0.0002 <0.0005 0.0004 0.0004 0.0002 <0.001 0.003
Rhenium NR NR NR NR NR NR NR NR

Tungsten 0.007 0.006 0.008 0.013 0.025 0.013 0.023 0.007 0.040 0.047

Tanta 1 urn 0.001 0.052 0.038 0.026 0.015 0.032

Cerium 0.004 <0.002 <0.002

Lanthanum 0.012 0.004 <0.006 <0.002

Barium 0.009 0.004 0.004 0.011 0.002 0.18 0.13 0.21 0.54 0.068

Cesium 0.001 0.001 <0.005

Iodine 0.011 <0.006 0.85 <0.003 <0.004 0.075

Tel lurium 0.009 <0.003 <0.002 <0.002 <0.002

Antimony 0.009 <0.O03 <0.002 0.005 <0.002 0.003

Tin 0.001 0.021 0.001 0.015 0.003 0.15 0.007 0.002

Indium NR NR NR NR NR NR NR NR NR

Cadmium <0.003 <0.002 0.002 <0.002 <0.002

Si Iver 0.003 0.010 0.042

Neodymium 0.026 0.005 0.026 0.015

Molybdenum 0.001 0.002 0.002 0.018 0.001 0.036 0.011 <0.005 2.7 5.0

Niobium 0.004 <0.002 0.008 0.12

Zirconium 0.006 0.04 0.15 0.01 0.26 0.006

Yttrium 0.008 0.002 0.002 0.027

Strontium 0.021 0.010 0.011 0.051 0.017 0.13 0.046 0.068 0.30 0.20

Rubidium 0.001 0.001 0.001 0.011 0.001 0.076 0.12 0.082 0.07 0.002

Bromine 0.20 0.076 0.042 0.026 0.15 0.08 1.3 0.087 0.26 0.038

Se 1 en i urn <0.003 <0.002 <0.004 0.011

Arsenic <0.002 <0.002 0.005 <0.04l <0.030 <0.02l <0.026 0.006

Germanium 0.002 0.001 0.002 0.009 0.003 0.003 0.002 0.005 0.030 0.004

Gal 1 ium 0.004 0.001 0.001 0.003

Zinc 0.002 0.002 0.12 0.001 0.17 0.59 0.41 0.26 0.94

Copper 0.001 0.002 0.001 0.63 0.27 0.004 1.0 0.036 0.011

Nickel 0.015 <0.005 0.003 0.026 0.77 0.69

Cobalt 0.004 0.001 0.067 0.092

Iron 0.016 0.006 0.003 0.18 0.006 1.5 3.6 0.25 13. 7-7

Manganese 0.002 0.001 0.006 0.001 0.02 0.033 0.003 0.011 0.035

Chromium 0.009 0.015 0.002 0.001 0-13 0.071

Vanad i urn 0.001 0.001 0.003 0.11 0.007 1.2 0.12

Titanium 0.001 0.004 0.002 0.028 0.04 0.13 0.020 8.5 1.8

Scandium 0.006 <0.005 <0.004 <0.003 <0.003 <0.003

Calcium 0.71 0.62 0.85 0.96 0.74 2.6 2.2 0.76 2.8 24.

Potassium 1.0 0.59 0.64 1.8 0.69 20. 35- 23. 65. 45-

Chlorine 38. 38. 21. 20. 49. 51- 1350. 35- 116. 440.

Sulphur <3- <3. 50. NR <3. <3- 4. <3. <3. ^1200.

Phosphorus 0.24 0.22 0.12 0.13 0.18 1-9 6.7 9.9 5.8 10.

S i 1 i con 5-9 5-3 6.9 9-9 10. 33- 24. 25- 21. 110.

Aluminum 0.18 0.16 0.089 2.9 0.067 8.5 6.2 4.3 5.4 2.2

Magnesium 0.27 0.15 0.23 0.17 0.16 0.26 0.67 0.16 0.96 15.

Sodium 535. 360. 490. 1000. 275- 35200. 32500. 16400. 31400. 15500.

Fluorine .

Ni trogen

10. 8.0 5-2 8.0 9-2 13- 300. 24. 60. 89.

NR NR NR NR NR NR NR NR NR 54.

Carbon 0.0 0.0 0.0 NR 0.0 31- 230. 381. 26000. NR

Boron 0.90 0.75 0.55 0.94 1.0 2-9 73- 19. 54. 44.

Beryl 1 ium <0.012 <0.009 <0.006 <0.008

Lithium 0.001 0.25 0.25 0.52 0.08 0.13 0.42 0.38 1.0 0.05

Oxygen not determined, other stable elements, except mercury, not listed were below detectabi

mg/L for spark source mass spectrometry.

Mercury determined by flameless atomic absorption.

Internal standard.

By microcoulometry.

By pyrolysis of acid soluble carbon.

Not reported.

I i ty 1 imi t of 0.001

but without mining. If dewatering were required, use or storage of the

water would be needed. A possible region of storage mentioned earlier

which seems worthy of study is the Continental Divide Basin. A detailed

environmental study would be necessary before feasibility could be deter

mined.
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Properties of Black Water

In work done earlier at LERC (USBM 1953) the organic material

dissolved in a sample of black water was isolated, characterized and

evaulated for its resource potential as a possible source of oil. Table 15 is

a summary of those findings.

Tarle 15.Properties of trona brine and its precipitated acids from

McDermott well no. 4, Sweetwater County,Wyoming

Properties of trona brine: 6.66

Ash percent

Color Dark brown to black liquid

pH 9-90

Specific gravity,
60/60

F 1.075

Properties of precipitated organic acids:

Yield from brine percent 10.66

Ash content do. 0.10

Composition on ash-free basis, percent:

Carbon 75.66

Hydrogen 9-8A

Nitrogen 1 .93

Sulfur 1.62

Oxygen , by d i fference 10.95

Tota 1 1 00 . 00

Gross heating value Btu/lb 15, 7^0

Molecular weight (cyroscopic, using camphor).... Approximately 1,^50

Neutral equivalent ^87

Specific gravity,
60/60

F 1.09^

Assay by modified Fischer-retort method:

Yield of oil percent 73-3

Yield of oil gal. /ton 1 82

Yield of gas (air-free, dry, at
60

F.,

30 in. rig pressure) cu.ft./ton 1,578

Yield of retorted residue percent 15.1

Composition of oil, percent:

Carbon 81.62

Hydrogen 1 1 . 08

N i t rogen 1 . 67

Sulfur .89

Oxygen (direct determination) ^.5^

Total 99-80

Specific gravity of oil,
60/60

F O.96A

Principally sodium carbonate.

The gross heating value of the isolated organic acid material is 16,000

Btu/lb compared to 12,000 Btu/lb for typical bituminous coals. If the

material is pyrolytically decomposed it gives 182 gal/ton of oil, in contrast

to the normal humic acids found in groundwaters which coke on heating.

In an effort to obviate the necessity of isolating the material before con

verting it into oil, current research has shown that the carbon monoxide-

water shift reaction does work on the black water and can produce an oil

which is pentane soluble, having the following percent composition: car-
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bon, 82.16; hydrogen, 10.83; nitrogen, 2.11; sulfur, 0.52; and oxygen,

4.36. This is very close to the composition of the oil obtained on the

pyrolysate from the isolated organic material. Further research will define

the applicability of this approach.

When left standing, some samples of black water have been observed

to support vigorous colonies of living organisms. A program is underway

to study this approach as a route to a usable product or a method for clean

ing up the water.

SUMMARY

The potential for increasing importance of water and its renovation in

the Green River Formation oil shale regions was pointed out. Five water

types were defined. The first type, conventional water supplies and efflu

ents, were not discussed. Four types of poor water related to oil shale in

situ processing were defined and described. Two of these derive from

product water and were called "retort and "bound These

are common to all oil shale retorting systems but are in greater quantity

from internal combustion retorting processes. A fourth type of water was

intercepted groundwater and the fifth type the potential backflood water

which would be a composite of the previous three types and shale retort

zone leachates. The in situ experiments of ERDA-LERC in the Green

River Basin were described briefly and examples of waters of concern in

each case, including natural trona, black trona, and retort zone backflood

water were discussed. Detailed analyses of retort waters from LERC simu

lated in situ retorts were presented.
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QUANTITATIVE BASELINE DEFINITION

FOR TERRESTRIAL

ECOSYSTEMS AT OIL SHALE TRACT C-a

Jim B. States

INTRODUCTION

The terrestrial baseline definition program is designed to satisfy all

requirements of the oil shale lease stipulations. Its purpose is to inventory
and (to the extent possible) to quantify the major components and inter

actions of terrestrial ecosystems in the vicinity of Tract C-a. Data obtained

are to serve as a basis for assessment of potential effects from oil shale

development and as a
"norm"

or standard with which possible effects can

be continuously monitored. Unusual steps are being taken to assure the

credibility and quality of program results in anticipation of an unusually

close scrutiny from regulatory agencies and other concerned groups. The

following discussion represents a very brief overview of the scope of the

program and preliminary results. Much more detail is provided in the

Quarterly Reports submitted periodically to the Area Oil Shale Supervisors

Office and in the Quarterly Summary Reports distributed by Rio Blanco

Oil Shale Project.

BASELINE DEFINITION PROGRAM

Vegetation Studies

Phytosociological Investigations

Methods. Thirty-five permanent transects (100 meters by 6 meters) are

established within major vegetation types; herb, shrub and tree strata are

sampled in May, July and September of 1975 and 1976. Twenty-seven

nonpermanent transects are relocated in each sample period to obtain

better measures of the variation in shrub and tree strata in each vegetation

type. A modification of the line-strip technique is used in sampling.

Jim B. States, project manager, Ecology Consultants, Inc., Fort Collins, Colorado.
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Results. The flora identified to date in the Tract C-a study area includes

5 tree species, 36 species of shrubs and 201 herbaceous species, of which

41 are classified as grasses or grass-like. One species, Astragalus lutosus,
a milkvetch, is on the Smithsonian Institution threatened and endangered

plant species list.

Early in the program the pertinent literature and aerial photographs were

used to identify 10 vegetation types which occurred in the vicinity of

Tract C-a. Preliminary results indicate the following about these types:

Aspen: The aspen type is situated primarily on north-facing slopes at high

elevations in the study area. The open canopy (33 to 38 percent over-

story) allows penetration of light and moisture, thus permitting the

development of a dense and diverse herbaceous stratum.

Douglas Fir: The Douglas fir type occurs in isolated stands on northerly

slopes at high elevations in the study area. Canopy cover is much high

er than in aspen stands, at 40 to 70 percent, resulting normally in less

dense shrub and herbaceous strata.

Mixed Brush: The mixed brush type consists of a wide range of shrubs

and occupies a wide range of conditions. Mixed brush communities

range from tall, dense stands of Gambel's oak and Utah serviceberry

at higher elevations to low growing big sagebrush, Utah serviceberry

and mountain snowberry on upland ridgetops; to mountain mahogany

and Utah serviceberry stands on dry slopes.

Pinyon-juniper: The pinyon-juniper type occupies slopes and ridgetops

over much of the central and eastern part of the study area. Pinyon

pine and Utah juniper form open, low density stands in which both

shrub and herbaceous understory is very low, probably due both to

toxicity of litter from the trees and the greater aridity of these sites as

compared to mixed brush sites.

Sagebrush: The sagebrush type is the most widely distributed plant com

munity on the study area, occurring on deeper soils along drainages

and on upland areas ranging from 6,500 to 8,500 feet in elevation.

Herbaceous cover is sparse but is comprised of the largest number of

species for any type sampled.

Bald: The
"bald"

type occupies the windswept ridges and slopes at higher

elevations near the Cathedral Bluffs. Both shrub and herbaceous

species are low growing, giving a very uniform appearance to the

type. The few shrub species do not form a distinct stratum but are

a part of the herbaceous stratum and provide cover of only 1 percent.

Shadscale: The shadscale type occurs primarily on south-facing dry talus

slopes along the lower drainages of the study area. The shrub stratum

provides only 6 to 17 percent cover and is dominated by shadscale,

big sagebrush and rabbitbrush. Greasewood and saltbush are frequent
on some slopes within the type, possibly because of high salinity in
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geologic formations from which the soils are derived.

Greasewood: The greasewood type is not as prevalent as was originally

expected and is represented by stands which are predominantly com

prised of big sagebrush with only an admixture of greasewood. In the

study area this type is now considered to be a variant of the sagebrush

type.

Rabbitbrush: The rabbitbrush type is a secondary successional stage which

develops on disturbed big sagebrush areas. In many areas dominated

by rabbitbrush, the burned-off stumps of sagebrush still remain.

Riparian: The riparian type is restricted to small springs, seeps and ponds

along the intermittent streams crossing the study area. Many of these

areas have been developed as pastures for livestock with the result

that most shrub species have been removed and replaced by pasture

and weedy grass species. Varying degrees of disturbance have result

ed in large site to site variations within this type.

Other Vegetation Studies

Grazing exclosure program. The purpose of the compartmentalized 3

acre grazing exclosure is to measure recovery of various plant forage species

to the exclusion of particular groups of herbivores. The largest compart

ment excludes domestic livestock and wild horses but allows access to big
game and small wildlife. One half of the exclosure excludes all but the

smaller herbivores; and the smallest compartment is designed to exclude

even these.

Range condition and trend studies. Range condition and trend studies

are designed to determine the current condition of the range in relation to

the potential of the site and whether the current productivity is improving,

stable, or deteriorating.

Range production-utilization studies. Annual forage production figures

are obtained by clipping a total of 66 plots in late summer which have

been protected through the growing season by conical welded-wire cages.

Annual forage utilization is measured by comparing clipped weights from

protected plots with clipped weights from adjacent undipped plots.

Browse condition and utilization. The diminution of accessible game

range by removal or access-blockage of large acreages of native browse

could lead to increased feeding pressures on ranges adjacent to those af

fected by oil shale development. Special studies are being conducted in

areas adjacent to the tract which support the highest winter concentrations

of mule deer. These studies are revealing the predevelopment condition

of the browse, present use levels, and overall availability of browse.
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Remote Sensing

Color infrared photographs of Tract C-a and its surroundings are pri

marily intended to serve as a basis for detailed maps of the local vegetation

types. Imagery will also be used to obtain information on vegetation con

dition and disease and the distribution of wildlife habitats.

The apparent emphasis on vegetation studies is a natural result of the

fact that wildlife species in the area are dependent, directly or indirectly,

upon the local vegetation for food, shelter, and frequently for their only

water supply. Vegetation, therefore, is the basis of local terrestrial eco

systems and measures taken to mitigate most effects of oil shale develop
ment upon local ecosystems will likely involve efforts at revegetation or

habitat manipulation (such as introduced changes in vegetation composi

tion, use of fertilizers, etc. ) .

Wildlife Studies

Although the emphasis is on vegetation, extensive studies are also

being conducted on the wildlife of the Tract C-a vicinity. With some

overlap these can be discussed under the following categories: small and

large mammals, predators, birds, reptiles and amphibians and invertebrates.

Small Mammal Programs

Small mammal programs include a series of 14 live trapping grids

established to sample the predominant vegetation types. Capture-mark-

recapture methods are used to obtain estimates of population density. Snap

trap lines provide specimens for analysis of reproductive effort and food

habits. Pitfall traps are established to sample small mammals such as

shrews not prone to capture in live traps. A night spotlight census route has

been established to record the distribution and abundance of nocturnally

active mammals, particularly rabbits and hares. Bats are searched out in

old buildings, rock overhangs and other likely places during the day, and

mist-netted above ponds and water tanks at night.

A total of 24 small mammal species were captured or observed on

Tract C-a. The deer mouse and the least chipmunk were the most com

monly encountered small mammal species. During summers the golden

mantled ground squirrel was captured in a wide variety of habitats. The

Colorado chipmunk, pinon mouse and bushy-tailed woodrat were generally
limited to pinyon-juniper woodlands. At least three lagomorph species

were encountered, including both black and white-tailed jackrabbits. At

least four species of bats were mist-netted.
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Large Mammal Programs

Aerial flights are conducted along 19 north-south transects, each 10

miles long. These transects are spaced 0.5 mile apart to the east of Tract

C-a and 1 mile apart through and to the west of the tract to deteirnine

the distribution and relative abundance of mule deer, elk, and feral horses

on a seasonal basis. Pellet plot surveys are used to provide estimates of

relative use in different areas and vegetation types on and near the tract.

Summer use of the study area by deer appears to be low. Winter con

centration areas were east of Tract C-a at the confluence of Yellow and

Duck Creeks and on the northeast part of 84 Mesa. A small herd of elk

lives largely west of the tract; feral horses are widespread throughout the

study area.

Mammalian Predator Programs

The purpose of the mammalian predator work is to document the

distribution and relative abundance of large predators (such as coyotes

and bobcats ) and small predators ( such as weasels ) . Two census methods

are used. The scent station visitation technique involves two 50-station

"survey
lines"

on which tracks of animals approaching a fermented egg
at-

tractant are recorded. The "siren elicited howling response coyote census

technique"

involves sounding a siren every 3 miles and recording the

number of responses.

Results indicate that the coyote and the weasel are the most abundant

mammalian predators in the area. Both the long-tailed weasel and the

ermine have been captured. Tracks have shown the presence of bobcats

and badgers.

Birds

Specific sampling programs, conducted largely at the same locations

as small mammal grids, are directed at songbirds, upland gamebirds,

waterfowl and raptorial birds, respectively.

A total of 127 species have been recorded within the area of investiga

tion. During the summer, the mountain bluebird, green-tailed towhee,

chipping sparrow, Brewer's sparrow and vesper sparrow were the most

common songbirds. Mallards were the most common waterfowl. A fairly
large population of breeding raptors was present in the area of investiga

tion. The common raven, American kestrel, and red-tailed hawk were the

most frequently observed species.

Reptiles and Amphibians

Reptiles and amphibians are being sampled along a series of walking
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transects and during evenings at potential amphibian breeding ponds.

Two amphibian species and five reptile species were recorded. The

sagebrush lizard was the most frequently encountered reptile.

Invertebrates

At five small mammal grids in pinyon-juniper, sagebrush and mixed

brush vegetation types, invertebrates are being sampled by pitfall grids

and litter samples ( to detect ground dwelling invertebrates ) , malaise traps

(to capture airborne invertebrates), sweeping and beating (to sample in

vertebrates in each herbaceous stratum above the ground), and a com

mercial vacuuming unit (to obtain numbers of insects per unit volume

of major shrub species). Samples are being obtained in May, July and

September of 1975 and 1976.

Results of the invertebrate program are exceedingly complex to inter

pret because we are looking at animals occupying all levels of local food

chains and there are drastic seasonal variations in species composition.

Some interesting general observations can be made. For example, samples

from pinyon and juniper trees reveal much higher numbers on south than

on north slopes and of these a much higher proportion occupies juniper

rather than pinyon pine trees. The two sagebrush sampling sites revealed

by far the greater number of invertebrates.

Threatened and Endangered Species

Throughout this report we have briefly described specific quantitative

and qualitative sampling techniques which are to be performed within

major vegetation associations in the tract vicinity. Cumulatively these

techniques should ascertain the presence of threatened, rare or endangered

species. If any are discovered, special programs may be directed at de

termining their distribution and habitat use on and near Tract C-a.

Three animal species, the threatened prairie falcon, the endangered

peregrine falcon, and the status-undetermined greater sandhill crane, along
with one plant species, an endangered and threatened milkvetch, have been

observed in the study area to date. The greater sandhill crane, endangered

as a nesting species in Colorado, is being subjected to much closer scrutiny

at this time.

SUMMARY AND CONCLUSIONS

We have presented a brief overview of the Terrestrial Baseline Data

Accumulation Program on Tract C-a. The document which details the

methodology outlined in this paper is more than 100 pages in length. An-
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other document only briefly summarizing results obtained through the

last reporting quarter is over 400 pages in length. We are now involved in

the first really definitive report from the study, summarizing and interpret

ing the data from the first year of baseline definition.

How will all of this information be used? The objective all along has

been to provide a solid scientific basis for estimates of potential ecological

impacts. To that end, unusually stringent measures have been taken to

assure the dependability of results. Field sampling procedures are carefully

standardized and then observed as they are performed in the field to assure

that observations made are accurate, complete and comparable between

sampling stations and from one sampling season to the next. Every data

transfer point is checked and signed off by someone on the staff. When

the data sheets come in from the field they are signed for by a quality

assurance officer. Only when he is satisfied that the data are complete

and accurate are they transferred to the project secretary. Only after she

has copied all data and filed the originals in a fire-proof file are the data

available to the staff for analysis. A carefully defined set of procedures is

followed in transferring field data to computer tapes or cards. These pro

cedures include special programs to locate and resolve inconsistencies

such as duplicate toe clip numbers which invariably occur in certain field

programs. A check, using sample problems, is performed before and after

any computer run on verified data. To the extent possible, the computer

controls the typing of tables of analytical results, thereby avoiding transfer

errors. This extreme care is necessitated by the use to which the data are

to be put and the scrutiny to which they are apt to be subjected.

Data thus analyzed will form the basis of a terrestrial baseline defini

tion in the Detailed Development Plan (DDP). That baseline, in turn,

will be the basis of a DDP assessment of potential impacts from oil shale

development. Each phase of the proposed oil shale development will be

reviewed in light of the best available information (the baseline) to make

judgments as to the possible effects of details of construction and opera

tions on local ecosystems. Where potential negative effects may be judged

excessive, measures to prevent or mitigate those effects will be developed.

Finally, a long-term program will be designed to monitor the effectiveness

of mitigation measures and to assure that major unanticipated effects do

not occur undetected. Good monitoring program design demands that a

solid preoperational baseline be established prior to construction and oper

ations. Thus, in the final analysis, the terrestrial baseline definition pro

gram is a necessary step toward assuring that effects on terrestrial eco

systems from oil shale development are kept to minimum and acceptable

levels.



 



SOME AUTECOLOGICAL RELATIONSHIPS OF ALGAE

IN THE PICEANCE CREEK BASIN

T. M. Ivory,W. R. Cody, B. B. Owen,

and P. V. Morgan

Fishermen, campers, boaters and almost everyone who has waded

through a stream or river has encountered a slimy rock or gravel stream

bottom. The slimy film covering the bottom of streams is composed of

plant and animal life which is vital to the biological
"health"

of the stream.

This plant and animal life may, in fact, provide an indication of the

physical and biological conditions which exist in the stream.

The plant life which grows on the stream bottom and on submerged

objects is mostly algae. The group of plants comprising the algae is so

diverse that it is nearly impossible to give a precise definition of the word
"algae."

For example, the size of the plants varies from the microscopic

freshwater forms to the seaweeds which may exceed 100 feet in length.

Some of the larger groups of algae may be recognized by their common

names, such as blue-green algae, green algae, diatoms and so on.

The ecosystem, according to traditional concepts, is a self-contained

complex to which energy is supplied in the form of solar radiation. Energy
and materials are then passed through a series of levels: the primary pro

ducer level (algae), where solar radiant energy and inorganic materials

are used to produce organic matter; the primary consumer level, where a
portion of the organic matter is consumed to provide energy and materials;

the secondary consumer level and perhaps other consumer levels, until

materials are finally returned to their original form, thereby completing

cycles for various elements such as carbon, nitrogen and phosphorus. In

this context, stream algae serve primarily as a major source of energy and

materials for stream animals and they also aid in oxygenating the water.

In general, knowledge of the ecological factors which control stream

algae is based largely on field observations and therefore is limited. Never

theless, it is possible to make some general statements about the conditions

under which certain species occur. One of the most important algal groups

in freshwater ecosystems is the diatoms. The quality of water directly in

fluences the species composition of diatom communities. In addition, two

unique aspects of the diatoms make them particularly useful in freshwater

Authors are with NUS Corp., Denver, Colorado.
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studies: they can generally be identified to the species level; and there is

a large amount of information concerned with the environmental require

ments of diatom species. Diatoms are among the most ubiquitous of

aquatic organisms; however, in the great variety of aquatic habitats in

which they occur, each diatom species is believed to occupy a different

micro-habitat (Lowe 1974). Thus, each species responds uniquely to

different chemical and physical parameters within its environment. Some

species have broad tolerance ranges and are abundant in a wide variety of

habitats and ecological conditions, whereas other species have limited toler

ance ranges and are normally restricted to certain favorable conditions

(Lowe 1974). Thus, the occurrence of certain species in a stream can

provide an indication as to the physical and chemical characteristics of the

stream.

Some of the physical and chemical factors which influence the distri

bution of stream algae include the type of substrate or bottom, the alka

linity of the water (or a related parameter such as pH or hardness), and

the concentration of minerals and nutrients.

Generally, little is known about the reasons for the occurrence of cer

tain species on certain types of substrate in preference to others. The

stability and chemical composition of rocky substrates are undoubtedly

important and Round (1964) suggests that the nature of sediment (such

as organic content and pH ) may be quite important. It is known, for in

stance, that one algal species is unable to grow on limestone substrates

simply because it grows so slowly that it is loosened from the limestone

by solution of the calcium carbonate faster than it can grow to cover the

surface.

The distribution of many algae is influenced by the alkalinity of the

water. For example, several diatom species occur only in alkaline waters,

whereas certain genera of red algae are found only in soft, acid waters.

In southern England, Butcher (1938) observed that both the abundance

and the dominant types of algae differed between an acid stream and an

alkaline river.

The concentration of minerals and nutrients are also undoubtedly im

portant. Thus, several diatoms are characteristic of saline waters. Hynes

(1972) reports that numerous field observations of streams suggest that in

many streams, plant nutrients, such as nitrate and phosphate are present

in concentrations too low to support the maximum growth of attached

algae. Whereas in streams receiving sewage effluents containing large

amounts of nitrate and phosphate, the growth of attached algae is often

luxuriant.

During the past year, aquatic biologists from the Ecological Sciences

Division of NUS Corporation have been collecting baseline data for streams

on and near oil shale Tract C-a in the Piceance Basin as part of the en

vironmental baseline studies of the Rio Blanco Oil Shale Project. During
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the aquatic studies, observations of the distribution of algal species in

several of the streams have confirmed the observations of other investigators

as to some basic ecological requirements of certain species. Some of our

observations and findings are outlined in the following paragraphs. In all

cases, references dealing with the general ecological requirements of algal

species are derived from Lowe (1974).

Calothrix ap. is a blue-green alga usually observed in hard water

(often encrusted with marl deposits). This species occurs in Yellow Creek

near its confluence with the White River. In that region, Yellow Creek

has a pH range of 8.0 to 8.6; the range of total alkalinity is 707 to 1,449

mg/1 (as CaCo3); chloride concentrations vary from 25 to 149 mg/1;

and the concentration of total dissolved solids ranges from 2,000 to 2,600

mg/1.

Cyclotella meneghiniana is a diatom which is frequently observed in

Yellow Creek. It has an optimum pH range of 8.0 to 8.5 and is stimulated

by small amounts of salt.

Synedra pulchella is a diatom characteristic of freshwater of high

mineral content and high nutrient content. It is also found in Yellow

Creek.

NUzschia apiculata is a diatom generally observed at a pH of 6.4 to

8.2 and in brackish water. It occurs in Yellow Creek.

Rhopalodia gibberula is also a diatom species commonly observed in

brackish water. It occurs in Yellow Creek.

Surirella ovalis occurs in brackish waters at a pH greater than 8.5.

Epithemia sorex is a diatom species found in the White River (near

the confluence with Yellow Creek). The species generally has an optimum

pH of 8.3 to 8.5 and is found in high nutrient concentrations. The White

River, in the area being studied, has a pH range of 7.8 to 8.6; a total

alkalinity (as CaC03) of 109 to 308 mg/1; chloride concentrations of 8 to

48 mg/1; and the concentrations of total dissolved solids varied from 192

to 699 mg/1.

Gomphonema olivacium is a diatom found only in alkaline waters. It

generally exists in high nutrient concentrations. This species is commonly

found in theWhite River.

Navicuh salinarum var. intermedia is a diatom found throughout the

United States in waters of relatively high mineral content. This species is

also commonly found in the White River.

Diatoma vulgare, a diatom species observed in the White River, is

known to have a pH optimum of 8.2 and is generally found in waters of

high nutrient content. It is also rather indifferent in its salinity preferences.
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OIL SHALE AND WILDLIFE: WHAT'S IT

ALL ABOUT

Joseph R. Blum

The development of oil shale, as is true with the development of most

resources, will have an impact on fish, wildlife, and their ecosystems. The

degree of impact will depend on how the resource is to be developed, the
regulations the government imposes on that development, the adherence

to those regulations by industry, and the enforcement of those regulations

by government.

The concerns of wildlife interests are: mining
activitysurface dis

turbance destroys habitat; processing activityeffluents from process tech

nology may poison wildlife or will destroy habitat; spent shalethe dis

posing of spent shale on the surface following processing covers wildlife

prime habitat; transportation networkstransporting the spent shale rock

to the processing plant, transporting the processed shale to its ultimate

destination, road networks, railroad networks, power lines, drill pads, pro
cess plants, etc., all destroy fish and wildlife habitat. Right now we are

unable to say how much habitat will be destroyed or critically altered by
oil shale development or what impact that will have on wildlife. In the

President's message to Congress of some months ago, he indicated that he

wanted an accelerated synthetic fuels program that would provide 1 million

barrels per day equivalent of synthetic fuels by 1985. This figure has re

cently been revised by administration officials to 350,000 barrels equivalent

synthetic fuel per day by 1985. In either case habitat will be destroyed,
water will be reallocated to industry, and water quality will be affected.

How much is still unknown.

PROTOTYPE OIL SHALE PROGRAM

The Prototype Program is an excellent example of how resource de

cisions should be made. We do not know, at this time, what the impact of

oil shale development will be on fish and wildlife resources. We can

speculate that we will destroy habitat of endangered species, that we will

Joseph R. Blum, project leader, Oil Shale/Minerals, Office of Biological Services,

Washington, D.C.
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destroy habitat for the White River deer herd, we will destroy habitat for

birds of prey. It is true that we do not know, for example, how to revege-

tate spent shale piles; however, we do know how to revegetate disturbed

areas in arid lands. Further we do not know how residues from shale

processing can be handled so that they do not impact on the environment.

We know neither the real water requirements nor the real impacts this

demand will have on wildlife. Today neither what we know nor what

we do not know is sufficient to make a long-lasting decision on the future

of oil shale.

The Prototype Programthe program of review by the Oil Shale En

vironmental Advisory Panel and the staff review by the Area Oil Shale

Supervisors officeis designed to provide answers for solving ecological

problems and allow an objective analysis of the true costs, environmental

as well as economic, of the development of oil shale. Far too often in the

past these decisions have been made and an irrevocable course of action

has been undertaken with no real analysis of the problem. The Oil Shale

Prototype Program will give us the decision-making mechanisms to reduce
both environmental and economic risk and thus go a long way toward

eliminating precipitous decisions.

The Fish and Wildlife Service strongly supports the Prototype Pro

gram. We could support the Prototype Program as a political reflex

because it is a part of the Department of the Interiors program and we

are a part of the Department of the Interior. However, our support is not

the result of political reflex. Our support is based on an objective scientific

need for obtaining the knowledge outlining what happens in an area that

has been basically undisturbed when you develop a resource that has the

potential for causing major ecosystem disruptions such as oil shale. We

are not using the Piceance Basin of Colorado or the Uinta Basin of Utah

as experimental toys. Much of the work we and others are doing fall into

the category of experimental research. But the Prototype Program is de

signed to give this information without irrevocably destroying the environ
ment just for the sake of obtaining that information. This work can be

characterized as a series of controlled condition studies.

Many agencies have developed an approach to try to understand oil

shale development, or really the energy development problems associated

with arid land development. The Fish and Wildlife Service is among

these. Our response has been the development of a new program called

"Biological
Services."

The function of the Biological Services Program is

to obtain objective information on ecosystem relationships and ecosystem

responses to development. We are neither advocates of these energy de

velopment systems nor are we adversaries. It is our position that the de

cision makers at all levels of government need good, sound, unemotional,

objective data in order to make decisions. Such information is not really

available at this time. As in most of these issues, there is a polarization.
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There are those who do not, for any reason, want to see "their
West"

disturbed by energy development. This is a problem of life style and may

well be the critical problem of energy development because it gets right

down to man's emotional, or some say spiritual, relationship with his or her

environment.

There are those on the other side who say that the energy crisis is

such that we have absolutely no alternative. They list environment prob

lems as tremendous economic restraints and they are trying, through the

political process and through other pressures, to restrict environmental

control of this development. An example of these two camps focused on

the Office of Biological Services in this way. As one of our operational

arms, we recently established in Ft. Collins a Western Energy and Land

Use Team. We had indicated to certain groups that we were going to do

this, outlined in broad general terms the functions and responsibilities of

this Team. Not long after that some people in the West told us that it was

their impression that the Western Energy and Land Use Team was a pro-

industry group that was designed basically to whitewash Interior's energy

development program.

On the other side of the coin one of the functions of the Western

Energy and Land Use Team is to evaluate research design, both of new

projects that we might be wishing to undertake and of on-going projects

that others are doing in order to give us the opportunity to understand the

limitations, if any, of a particular study. We recently proposed that the

Team evaluate the environmental baseline studies that are currently being
conducted on the lease tracts. We received an immediate response that

indicated some people felt, by this action, that we were trying to scuttle

the Prototype Oil Shale Program. Neither the earlier pro-industry con

cern for the Western Energy and Land Use Team nor the later scuttling

of the Prototype Program have any validity. The Team is a vital element

in the Fish and Wildlife Service effort to obtain objective data upon which

public and private decision makers can base decisions.

Pete Rutledge, the Area Oil Shale Supervisor at Grand Junction, will

be the first to admit that the engineering problems, water problems, and

air problems are understandable and addressable. The biological/ecosystem

problems on the other hand are not so easily understood and addressable.

Why they are not is hard to grasp. A lot of it stems from the fact that

ecosystem responses are not understood by scientists or lay people alike.

They are, after all, very complicated. The results of the research design

review that Biological Services has conducted indicate that the studies on

the lease tracts that were approved by my agency and other agencies, re

viewed by the Oil Shale Environmental Advisory Panel, will only provide

us limited information when evaluating the detailed development plans.

This is not a sign of a lack of interest, nor of political pressure to push
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poorly designed studies through the system, nor is it an attempt to do only
a token effort in the area of ecosystem-environmental analysis, but rather

it is a sign of ecosystem ignorance. Our analysis shows that the stipulations

themselves are at the root of the problem.

The interpretation of the flora and fauna sections of the baseline

studies by most people involved comes down to developing species lists.

In other words we in government did not ask the right questionswe

should have posed questions that would clearly call for the collection of

data that would emphasize evaluation of the structure and function of

the ecosystems. This would allow us to evaluate and determine what the

real impact of oil shale development is. Again we did not ask these ques

tions as a part of a conspiracy. We failed to ask them because of ignor

ance. That ignorance, in part, was the basis for establishing the Biological

Services Program of the Fish and Wildlife Service. The success of this

program will depend on how well and how timely we can make these

vital inputs into project design.

This information is continually being made available to the Area Oil

Shale Supervisor, as well as to the companies, and the Oil Shale Environ

mental Advisory Panel. We will then be in a position to understand when

we evaluate the detailed development plans what the limitations are and

what studies we need, either to obtain this additional information or what

we need to include in stipulations when we act on the detailed develop
ment plans.

The results of this review are not to delay or postpone the oil shale

development program. We have avoided the easy out of proposing un

limited new research and delays until we are satisfied. We are proposing

action programs, including applied research, to improve our decisions. The

projects were conducted in good faith. We feel that even though there

are some limitations, enough is known that the Prototype Program can

continue as a prototype program. We are not saying that we have enough

information at this time to evaluate oil shale development in the light of

whether a full-scale commercial program is feasible. That was not the

intention of the review, nor were we in fact being asked by anyone to

reach such conclusions. Conclusions on that subject can only be reached

after the Prototype Program is further along.

People are really our major concern in development of oil shale. The

problems of spent shale revegetation, the problems of process residue

cleanup and the other land, air, and water disturbance type problems

associated with oil shale development are technologically solvable if (1)
government requires it, and (2) industry is willing to provide the capital

to do it. If either of these two factors is missing in the final equation then

the primary disturbance factors of mining as well as spent shale disposal

and residue handling will have significant impacts on wildlife resources.

The one factor that is, at this point, not within government control is the
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people impact, the simple secondary impact on the environment caused by
rapidly adding people into a system that is not in a position to absorb them.

One of the reasons we are approaching an environmental crisis in the

world today is not simply that wildlife habitats are being disturbed. Habi

tats from time immemorial have been disturbed in one way or another and

ecosystems thrive because of their capability to adjust to disturbances. The

problem is that the rate, the degree, and in many instances the character

of man-caused disturbance, like oil shale development, are such that these
ecosystems and habitats cannot rapidly adjust to them and in their failure

to adjust they are significantly diminished.

Many are tired of hearing of fragile ecosystems, but in a very real

sense ecosystems involved in oil shale development are fragile from the

standpoint of the kinds of impacts that people will exert on them. These

impacts run the gamut from increased hunting and fishing pressure on

"limited to off-road vehicle use for recreation, from intensive

recreation development as well as extensive recreation development, to

intensive service developments, from intensive urbanization to intensive

spin-off industrialization. They lead to an overall demand on ecosystems

so that they are not capable of compensating in the time frame and char

acter required. The result is a tremendous disruption of ecosystem process.

In itself this secondary impact of more people caused by oil shale de

velopment is going to be a problem. However, my major concern is the

cumulative relationship of secondary impacts that total energy develop
ment will cause in these ecosystems. Too many people are taking a look

at oil shale as an independent entity, coal development as an independent

entity, uranium development as an independent entity, and very few are

taking a much needed look at the cumulative impact of the potential

energy mix that will be realized in these arid ecosystems. We neglect the

fact that ecosystems are not closed systems, that actions in one can have

spin-off actions and reactions in adjacent ecosystems. While the Four Cor

ners coal development program could be looked at as an isolated site-

specific impact, it is my contention that, for example, the water demands

for that program and the water demands of the oil shale program will

impact each other and we get the synergistic effects where one and one no

longer equal two.

We do not have the answers today nor will we have the answers in

2 months to solve these problems. Studies are underway that address at

some level these problems. But these are problems that are not answered

in 1 week, 1 month, and in some instances 1 year. We are off and running

on a Prototype Program that will help provide much needed answers, but

we will by no means have the problem solved in the immediate future.

Hopefully, this process will also give us the means to identify and correct

mistakes.

In conclusion, the Oil Shale Prototype Program must provide some
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answers to problems associated with oil shale development impacts on

wildlife. The Prototype Program must give us objective information on

which to evaluate the economic and environmental costs of developing
this resource. The Prototype Program will give us this information only if

objective analysis of these problems is allowed to proceed. The physical

impacts, such as mining, processing, disposing of spent shale, are in my

opinion technologically answerable if industry is willing to invest the capi

tal and government is willing to require the investment. The people prob

lem is less addressable and is the problem of greatest concern to those who

are analyzing development impacts. The people problem is not simply an

oil shale problem, but rather the people problem is an energy mix problem

a cumulative problem.



ENDANGERED SPECIES: THEIR IMPLICATION

IN OIL SHALE DEVELOPMENT

David B.Winsor

The occurrence of threatened or endangered species on and adjacent

to prototype oil shale Tract C-a (western Colorado) can be of significant

importance to development of oil shale resources for this area. In this dis

cussion I will cover some of the factors which lead to the extinction of

species, the criteria currently used for the identification of an endangered

species, measures which might minimize the effects of oil shale develop
ment on threatened or endangered species in the area, and the possibility

of adding other species to the endangered list.

Only recently has public attention been focused on the passage of spe

cies from existence (extinction). Extinction of species, however, is not a

new phenomenon, but the natural outcome of evolution of living organisms

since the first conception of life to the present. The process of conception,

growth and death of living organisms has, through the ages, provided the

basis for constant genetic changes. As the physical environment changes,

organisms either possess adaptations which permit their continued existence

under different conditions or obtain these requirements through mutation

associated with reproduction. If an organism does not currently possess the

required adaptation(s) or is unable, through genetic reorganization, to

obtain these requisites, then its mortality rate begins to exceed its natality

rate, ultimately leading to its extinction. Those species of plants and animals

with rapid turnover rates (insects) have a better chance, through genetic

transfer, to obtain traits which make it compatible to new environmental

conditions. This struggle for existence has occurred since the inception of

biotic life, with countless species of plants and animals evolving, maturing

and ultimately fading into extinction.

Until recently (evolutionarily), the extinction of species could not be

attributed to man, since man was either not present or in a very primitive

state. It is well documented that the rate of extinction has increased since

man became the dominant influence over the environment. It is important,

however, to realize that man's technology is a result of his own evolution.

A case can be made that man's influence on extinction, including

David B. Winsor, Limnetics, Inc., Denver, Colorado.
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possibly his own, is a natural process of evolution. This is obviously a philo

sophical issue worthy of discussion; however, the purpose of this paper is to
address the importance of endangered species to oil shale development.

The United States Department of the Interior, 1973, defined an en

dangered species as one "whose existence is endangered because its habitat

is threatened with destruction, drastic modification or severe curtailment

or because of overexploitation, disease, predation or because of other fac
tors."

The underlying assumption of this definition is that a knowledge of

the life history or habitat requirement of a given species be known in order

to judge whether it should be considered endangered. In many cases, such

data and subsequent interpretation is required to develop a management

plan that addresses the crucial requirements for maintaining a given popu

lation.

Two species classified as threatened or endangered by federal stand

ards have been observed on Tract C-a. They are the Prairie Falcon ( Falco

mexicanus) and the Peregrine Falcon (Falco peregrinus anatum). In ad

dition, the Greater Sandhill Crane (Grus canadensis), which is classified

by Colorado as endangered when nesting in the state, has been observed in

the area, although no nesting cranes have been discovered. However, the

importance of these occurrences to oil shale development is worthy of dis

cussion.

The occurrence of threatened or endangered species in the area was

anticipated prior to initiation of baseline studies. This recognition was

incorporated into both the aquatic and terrestrial scope of work by request

ing each contractor to:

(1) become familiar, taxonomically, with those endangered species

indigenous to the area;

(2 ) contact themanagement contractor immediately following obser
vation of an endangered species; and

(3) propose, if needed, additional field and laboratory work to insure

the client has adequate baseline information on species encoun

tered.

These specific procedures are followed by field contractors after sight

ing of an endangered species.

( 1 ) Following confirmation of an endangered species and notification

to the client, the contractor reviews all major literature available

on that species and ascertains breeding requirements, food prefer

ences, migratory trends (if applicable), reasons for decline (habi

tat alteration, pesticides or herbicides), social relationships and

interactions, protective measures that have been instituted and

their success, and any habitat management techniques with po

tential applicability to the environs associated with Tract C-a.
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(2) Subsequent to the literature survey, ongoing baseline studies are

reviewed to determine if adequate information on the importance

of the area to these species is being obtained. Only one Peregrine
Falcon has been sighted over Tract C-a; however, a review to

ascertain whether the existing studies, including aerial raptor sur

veys, raptor nest locations and identification, and opportunistic

sightings are sufficient to determine if this bird nests and feeds in

the study area (170 mi2). Thus far, no falcon nests have been

located in the study site.

(3) If the field contractor recommends that additional studies are re

quired to supplement the on-going baseline studies to ensure an

adequate data base for a particular species, the following review

cycle is followed. An actual example, that of the sightings of

Greater Sandhill Cranes on 84 Mesa (northeast of Tract C-a),
will aid in clarifying the review procedure.

Following notification of the management contractor of the

Greater Sandhill Crane sighting, the field contractor was asked

by the client to prepare an annotated bibliography regarding the

status and habitat requirements of this bird, with particular em

phasis on Colorado birds. Although this request was outside of

contractual agreements, funding was provided by Rio Blanco Oil

Shale Project. The document was prepared and its recommenda

tion reviewed by the client. The primary recommendation was

to conduct a nesting survey within a 20-mile radius of the tract,

initially by locating suitable habitat by air, then by ground veri

fication of these sites. In addition, since the literature indicates

that the birds are primarily riparian nesters, 25 river miles of the

White River were searched. Nesting Greater Sandhill Cranes

were not located in either study.

A report was again filed with the client, by the field contractor,

along with the additional recommendations that fall staging sur

veys should be initiated to ascertain if the birds returned to 84

Mesa. This program has just been completed, with another spring

survey (1976) in the schedule, hopefully in conjunction with a

Colorado Division of Wildlife nongame biologist. If the birds do

not return to 84 Mesa next spring, it is doubtful whether the area

is a historical staging point for Colorado nesters.

A variety of cause and effect relationships can be demonstrated which

collectively produce a population decline for a given species. The relation

ships will be discussed in light of those endangered species thus far encoun

tered during baseline studies for Tract C-a.

Perhaps the greatest impact which has decreased falcon population

numbers throughout North America and Europe is the introduction in

1947 of organo-chlorine pesticides. The long-term influence of these toxic
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substances to falcons are now being realized. These persistent chlorinated

hydrocarbons may either have a sublethal effect (egg shell thinning) or a

lethal effect (death) depending on the concentration of the chemical

within the prey species consumed (Hickey and Anderson 1968; Enderson

1972c; Hickey et al. 1969c, 1969f ) .

It is anticipated that, should pest control be required, either a nonper-

sistent chemical substance (diorthophosphate), a third generation pesticide

(biochemical control) or biological control will be used or considered.

Since both falcons have been reported in Tract C-a's vicinity, the use

of persistent pesticides, such as dieldrin, BHC, heptaclor and eldrin will not

be used. If a nonpersistent pesticide is selected, it should be slow acting,

hopefully causing death to occur to the prey species in an area that makes

it unavailable for raptor consumption and subsequent contamination (i.e.,
burrows).

The second consideration is using third generation pesticides which

use externally and internally produced hormones to regulate population

dynamics. Since the majority of research in this area is in insect control

using pheromones, there is little application to rodent control.

The last alternative which will seriously be considered for rodent con

trol is the establishment of raptor perches in areas where small mammals

become a nuisance (revegetation plots). This allows raptor concentrations

which feed heavily on rodents such as the Prairie Falcon.

Although neither of the falcon species has been observed nesting in

the area, the following mitigative actions would be contemplated should a

nesting pair be sighted. Although falcons can tolerate some human ac

tivity, it is seasonably determined. During breeding, egg laying and fledg
ling rearing, all human disturbance will be minimized within 0.5 mile to

avoid nest abandonment. This period encompasses 5 months beginning in

mid-February and continuing through
mid-July.

Another consideration is impacts which indirectly affect the number of

the endangered species. One such impact is its food source. Usually miti

gative actions only address the endangered species itself; however, the
existence of that individual is dependent upon prey availability. The food

preference of both species of falcon has been documented. If habitat sup

porting prey species are destroyed, determination will have to be made as

to the importance of reducing food availability to the falcon. If it is deter

mined that it will adversely affect an endangered species, then the carrying

capacity of areas supporting these prey species will have to be increased.

A last concern is: does the possibility exist from a regional standpoint

(Colorado and Utah) that a species currently not endangered may become
endangered from impacts associated with oil shale development? This re

sponsibility should be assumed by an agency whose authority is not

restricted by state boundaries. A list of species which might be detrimen

tally affected by oil shale development should be compiled. Given popula-
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tion parameters could be monitored for individual species selected from this

list. This regional approach could supplement existing baseline and future

monitoring programs. Such intelligent foresight is currently being realized

for both the Colorado and Utah tracts; however, efforts must be combined

for a true regional approach to oil shale development and its impacts.

In summary, it is our intention to identify all endangered species

under the limitations of the existing biological programs. As endangered

species are observed, they will be reported in monthly, quarterly and an

nual reports and given full accessibility to the public through the Area Oil

Shale Supervisor's office in Grand Junction, Colorado. Furthermore, it is

our desire to coordinate management procedures with both federal and

state authorities to ensure that proposed management guidelines will be

effective to preserve endangered species. Finally, every attempt must be

made to identify plant and animal species at present unendangered or rare

which might be relegated to an endangered species classification as oil shale

development proceeds.
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COLORADO POLICY IN OIL SHALE DEVELOPMENT

Harris Sherman

Colorado is in the process of carefully examining studies, data, and

alternatives with regard to oil shale development. The states position is

evolving and growing. However, certain components, particularly the

structure and the way in which decisions will be made, are in place.

OIL SHALE ORGANIZATION AND STRUCTURE

Governor Lamm of Colorado has set up an important and responsive

system to review our oil shale program. At the very heart of the organiza

tion is the Colorado Governor's Energy Policy Council. The Energy Policy
Council (EPC) has been established to review all policy questions in the

area of oil shale, coal, energy conversion, conservation, emergency fuel allo

cations, energy research, and related subjects. The following six members

serve on this Council:

John Welles, vice president for institutional planning and develop
ment, Colorado School ofMines;
Harris Sherman, director, Department of Natural Resources;

Betty Miller, director, Department of Local Affairs;

Roy Romer, executive assistant to the Governor of Colorado;
James Monaghan, environmental assistant to the Governor;
L. Richard Freese, Jr., former member of the Governors staff.

EPC has just hired a staff director, Donald A. Crane, and additional

staff will be hired shortly.

Alternatives and options are brought to the Councils attention by
work teams in the subject areas. The author of this paper chairs an oil

shale work team, reviewing questions that the state needs to resolve, such

as:

in situ lease sites;

federal synthetic fuels program;

guidelines to crediting against bonus payments;

financing of indirect cost of development, etc.

Harris Sherman, executive director, Colorado Department of Natural Resources, Denver
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The work team is comprised of individuals within and outside govern

ment, including Tom Ten Eyck ( former executive director of the Colorado

Department of Natural Resources), John Rold (state geologist), Jack Gil-

more (Denver Research Institute), Michael Strang (former state legisla

tor), Bryan Morgan (Environmental Defense Fund), Burman Lorenson

(oil shale coordinator, Office of the Governor), and three department

heads.

EPC coordinates its work with other departments, as well as with local

government, industry, civic and environmental organizations. We feel the

structure is a good one that can articulately spell out the options and alter

natives, and allow the Council to make intelligent decisions.

COLORADO'S ROLE IN FEDERAL GOVERNMENT

OIL SHALE PROGRAMS

How will Colorado relate to the federal government on oil shale? Our

federal counterparts have great influence in Colorado. Their programs will

determine much of our future. For example, we must consider the federal

presence in this state:

36 percent of Colorado land is owned by the federal government;
federal government owns 64 percent of the mineral rights;

the Bureau of Land Management administers 75 percent of the

state's oil shale resources on public lands;

financing for any interim or large-scale oil shale development will

need to be provided for, in part, by federal resources.

Therefore, the state cannot plan for oil shale in a vacuum without consid

ering the federal presence.

At the same time, any federal program must take into account the

clear intention of Colorado and its counties to manage the oil shale impact

through long-standing government tools, such as administration of water

rights, air and water quality, land use, reclamation, zoning, taxation, etc.

So it is apparent that the federal government must cooperate with Colo

rado.

Colorado, regardless of the administration in power, has always be

lieved it could best manage its future. Within the first 10 months of this

new administration, Colorado has understandably asked the question at

each turn, "How are federal programs being formulated and what is Colo
rado's role in those

decisions?"

This is not a humdrum, mundane, academic

question; it goes to the very essence of oil shale growth and development

in Colorado.

The Spectrum of Possible State Involvement

The range of possible state involvement is considerable. For example,
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at one end of the spectrum there can be virtually no consultation with the

states or only superficial consultation wherein federal activities are ex

plained after the fact to the states.

On the other end of the spectrum, we might find state veto of federal

decisions or federal relinquishment of programs to state control.

Or there can be a middle ground where the states can plan a very

significant role by participating in the federal decision-making process.

When we look at this spectrum, we generally know what scene is

right, what appears to make sense. The state views the optimum approach

to be a partnership, a genuine working relationship where the state does

not relate as a junior partner but rather as a full partner. Colorado is con

vinced that such a partnership is the only way to go; without it, there will

be duplications, misunderstandings, and confrontations, none of which

will serve the nation or state.

Exa.mples of Federal Cooperation or Lack Thereof

We are not convinced that the federal government shares an attitude

of cooperation. The federal bureaucracy differs from agency to agency

and we have seen varying responses by our federal counterparts.

Guidelines for Crediting Against Oil Shale Bonus Payments

Both federal lessees in Colorado, by the terms of their contracts, were

to be allowed to credit certain expenditures against the 4th and 5th year

bonus paymentsa significant provision for both the companies and

Colorado. At stake during these 4th and 5th years is a total of $131 million

of which Colorado might receive up to $49 million. Colorado is not op

posed to crediting of certain bonus payments if the expenditures were con

templated under the terms of the contract.

The Department of Interior, in order to give definition to the credit

ing provision, drafted comprehensive guidelines within the last 4 months

which will greatly impact Colorado and the money it receives. These

guidelines were more than of casual interest to Colorado in that the state

is a primary beneficiary of these funds, income that Colorado may need to

rely upon. Not withstanding this, no official nor department of the state

was ever consulted about drafting of the guidelines. Colorado only learned

about the guidelines upon their public release.

We view this example as one of indifference to Colorado when a sub

stantial state interest is involved.

FordAdministration Synthetic Fuels Program

The Ford program includes a $6 billion synthetic fuel effort to reach
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1 million barrels per day operation by 1985. The Rocky Mountain-northern

great plains regions will be the key component in this program by virtue of
coal gasification and oil shale. Without question, it is the most important

energy plan ever contemplated for this region. In the last 10 to 12 months,

a Presidential Task Force has been working on this program. Unfortu

nately, the states affected were not consulted but rather kept totally in the

dark throughout the 10- to 12-month period.

Approximately 1-1/2 months ago the states learned of the program but

were repeatedly frustrated in their attempts to understand more about what

was happening. Individual governors made repeated requests to the Presi

dent's Energy Resources Council and FEA to see a draft of the synthetic

fuels program (which had already been distributed to federal agencies,

and reviewed, in part, by industry). The governors were refused access

to such information, as were members of Congress from this region.

In consequence, 10 participating governors of the Western Regional

Energy Policy Office went on record in Santa Fe as urging the administra

tion to allow the western states an opportunity to impact the program be

fore it was set in concrete and before the President made recommendations

to Congress. The governors also demanded the basic documents to assess

the impact of this program on the region.

In mid-September 1975, as a follow-through to the Santa Fe resolution,

the governors met with Frank Zarb who promised no final action nor

recommendations by the President's Energy Resources Council until the

governors had met and discussed their concerns.

Then without explanation, the administration announced that it would

introduce legislation for a synthetic fuels programwithout waiting for

comments by the affected states. As of October 10, 1975, the administration

had still frustrated attempts by the western governors to see the crucial

documents.

In Situ Tract Selection

There are positive examples which should be equally stressed. The

Department of Interior informed Colorado and Utah that in situ tracts

would be leased for prototype development. Then a selection team of

federal and state officials was formed to:

determine criteria for nominated sites,

review sites, and

make recommendations.

State representatives sat as equal partners with their federal counter

parts and benefited from participation in important ways. For example,

Rangely could well become a hub oil shale community for both Utah and

Colorado. Colorado's representatives explained to their federal counterparts
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the problems of providing community services to Rangely as a result of

the Utah development. Specifically, Colorado would not be in a position

to receive bonus and royalty payments from the Utah sites, severance taxes,
and property

taxesall of which would normally go, in part, for the

impact in Rangely. Therefore, the state/federal team recommended other

sites in Utah, closer to Vernal, so as to alleviate a potentially difficult

problem. Without state participation, such concerns would not have been

raised nor understood.

Dolores Wild and Scenic Rivers Study Team

Briefly, a study team was set up composed of equal representation

from Colorado, the Forest Service, and the Bureau of Outdoor Recreation.

The Dolores Wild and Scenic Rivers Study Team was an outstanding
example of joint participation. A study was made at the very beginning,
and the state was given the earliest possible point of entry.

PROPOSED PLAN FOR PARTNERSHIP

Through the above examples, it is fair to say that Colorado is anxious

to build a format whereby state participation is guaranteed in all federal

oil shale decisions. We believe the key ingredients to this partnership
could be as follows:

State participation from the inception of any federal program. The

state must gain access at the earliest possible point of entry, includ

ing the setting of rules, procedures, and criteria for emerging

federal programs.

State representation that goes beyond the consultation process, giv

ing the state a voice and a vote in federal decisions. Examples of a

vote in federal decisions would be the two already
mentioned

the Dolores River study and the In Situ Tract Selection Committee.

State participation and hopefully control in the enforcement and

monitoring of programs on federal land. There is much precedent

for this, particularly in the areas of mined land reclamation, water

quality and air quality.

Jack Horton, Assistant Secretary of Interior, spoke in Washington re

cently about a "new Federalism"that is, a genuine partnership between

the federal and state governments. We concur that a new partnership, as

outlined in this paper, would prevent a testing of jurisdictional issues, over

lap, duplications, and misunderstandings. The Department of Interior must

be joined in this effort for a "new
Federalism"

by the other energy agencies
such as FEA and ERDA,



 



UNION OIL COMPANY REVEGETATION STUDIES

Stephen C. Lipman

INTRODUCTION

Union Oil Company of California became interested in oil shale more

than 50 years ago, when it acquired its oil shale lands in Parachute Creek.

During the intervening years, Union has studied and experimented with

various methods of shale oil extraction. Union demonstrated in 1957-58 a

unique retorting design in a semi-works plant at its Parachute Creek

property, north of Grand Valley, Colorado. The retort, called "Retort
A,"

operated by internal combustion with countercurrent flow of the shale and

retort fluids. Its unique feature was that the shale flowed upwards by
means of a hydraulically operated rock pump at the base of the retort.

The internal combustion was supported by air being drawn into the top
of the retort and down into the combustion zone. This retort operated at

rates up to 1,200 tons of shale feed per day. Since then, Union has de

veloped two additional retort designs, which are modifications of the

original up-flow Retort A. The first of these later designs is Retort B,
which is similar to Retort A except the retort heat is generated externally

by heating and recycling a portion of the make gas. No air is introduced

into the Retort B process.

The other variation is called the "SGR which stands for

steam gas recirculation. This process also uses the same basic up-flow

retort, but the heat is generated in a second vessel where the carbon residue

on the retorted shale is burned in the presence of steam and oxygen. Both

the SGR and Retort B processes have been tested in a pilot retort operated

at the Union Research Center in California.

As in any surface retorting method, there will be a shale residue left

after retorting which must be disposed of and reclaimed in an environ

mentally acceptable manner. In this paper we describe the various research

efforts Union is pursuing to develop its reclamation plan for future oil shale

operations. The location of the 1958 demonstration plant and the field

revegetation studies are shown on figure 1.

Stephen C. Lipman, manager, Environmental Development, Union Synthetic Fuels

Div., Union Oil Co. of California, Union Oil Center, Box 7600, Los Angeles, California

90051.

165



166 Quarterly of the Colorado School of Mines

Figure 1.Union Oil field studies, Parachute Creek, Colorado.

PROPERTIES OF SPENT SHALE

The chemical and physical properties of the spent shale, or the shale

residue after retorting, are important to the design of a reclamation plan.

These properties can vary significantly from one retort design to another.

The spent shale from Retort A came out of the retort as a hot clinkered
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ash, often agglomerated into large lumps (few fines, if any, were present).

The retorting temperature was high enough to decompose the predominant

carbonate material into its oxide forms. For reclamation, this had the

benefit of no black carbon residue nor unstable fine grained material to

contend with, but problems did exist with a high pH and an easily
cement-

able material.

The Retort B spent shale is similar to that produced by the Bureau of

Mines and Paraho retorting processes. It is a coarse gravel-sized material

with some black carbon residue remaining on the shale. Since the retorting

temperature does not reach carbonate decomposition temperatures, it has

a lower pH and very little tendency for cementation.

The spent shale from the SGR process has been called "decarbonized

The texture and size is similar to the Retort B shale, but the

majority of the carbon residue has been burned off. Its properties reflect

the median temperatures reached in the process. Some carbonate decom

position has occurred causing a moderate tendency toward cementation

and a relatively high pH.

The chemical properties for these shales are shown on table 1, and the

physical properties are shown on table 2.

The data shown on table 2 for Retort A ash are not based on an

analysis of the ash as it came out of the retort in 1958, rather it is based on

a 1974 field investigation of the 16 year old disposal pile. During this field

study, test pits and holes were dug through the pile in each of three differ

ent treatment areas. The configuration of the disposal pile is shown on

figure 2.

REVEGETATION RESEARCH

Retort A

In 1958, approximately 100,000 tons of Retort A spent shale was laid

out while still hot on a 5-acre location at the base of a talus slope adjacent

to the Parachute Creek demonstration plant. The shale increased in depth

away from the talus slope to a maximum of about 14 feet, terminating in

an abrupt embankment. The southern portion of the pile was leveled in

1958 and was left to weather for 8 years. During the first 2 years, it re

mained at an elevated temperature.

In 1966, the southern end of the pile was harrowed with a 12-inch

bladed ripper. A sample of the surface ash was sent to the Colorado State

University Soil Testing Laboratory. The results are shown on table 3.

In April 1966, 50 pounds of a range seed mixture consisting of orchard,

brome and English blue grasses were sowed into the 1 acre southern plot

(shown as Plot 3 on fig. 2). The plot was sprinkler-irrigated on 13 days
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spaced out over the months of May through August, using a total of 1 acre-

foot of water. When the irrigation was left on all day, salts appeared on

the surface. The irrigation cycle was reduced to 2 hours a day and the

salt did not come back to the surface.

Table I.Chemical properties of Union Oil spent shale

Components,, Wt.% *

Retort A

Shale Ash

SGR Retort

Decarbonized Shale

Retort B

Retorted Shale

Si02 35.3 39.2 31.5

CaO 27.2 27.3 19.6

MgO 9.0 8.2 5.7

AI2O3 8.5 8.9 6.9

Fe203 7.3 3.8 2.8

Na2 0 5.5 3.7 2.2

K20 2.8 2.7 1.6

SO3 0.1 1.4 1.9

P25
2.2 0.5 0.4

Mineral tCO, 1.6 3.1 22.9

Organic C 0.5 0.3 4.3

Trace Elements Z- 0.5 0.9 *- 0.5

Nitrogen, Kjeldahl 0.2

100.0 100.0 100.0

Ignition loss @

950C, Wt.% 2.1 3.4

Free Silica

(quartz) , Wt.% L. 2 2 to 5

pH of Slurry 12.5-13 (est.) 12.5

26.9

8.0

8.7

* Analyses determined by heating sample to 950C

Analyses by Union Research Department.

During the first year the grass grew only to about 3 inches in height

and appeared to have salinity damage on the leaf tips. In 1967, 5 tons of

manure and 100 pounds of phosphate were applied, and the plot was

irrigated similar to the first year.
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Table 2.Physical properties of Union Oil spent shale

Retort B SGR Retort Retort A

Retorted Shale Decarbonized Shale Shale Ash

Fresh Fresh 16 Yrs Old

After After

Compaction Compaction Composite

Initial at 12,375 Initial at 12,375 Sample

ft. lbs/cf ft.lbs/cf In-Place

Particle Size:

% Cobble
(1"

- 6") -
-

- - 8-28

% Gravel (4.76mm - 1") 74 37 75 53 43-57

% Sand (0.074 - 4.76mm) 16 39 16 14 15-23

% Silt (0.005 - 0.074mm) 9 17 5
, \

% Clay
(- 0.005mm) 1 7 , } 33 > 8-13

Soil Grouping
(U.S.C. System)

GP-GM GM GW-GM

Texture Si lty Grave 1 S ilty Gravel Graded Gravel

to Silty Gravel

Color Black Buff Light Brown

Solids Density, g/cc 2.59 2.69 2.36

Dry Bulk Density, pcf 61 90.4 68.5 60.3-90.5

Unconfined Compressive

Strength, psi after

28 days cure @ 125F.

13 361

Field Moisture, Wt ,

of dry solids

16 21-23 12.1-45.0

Analyses by Woodward-Clyde Consultants

The rest of the shale pile was leveled in 1967. In April 1968, 40

pounds each of alfalfa and tall wheatgrass were harrowed in a 1% acre

plot in the northern end of the pile (shown as Plot 1, on fig. 2). No ferti

lizer was used on this plot, and no more was added to Plot 3. Both plots

were irrigated for 4 to 5 days in June 1968.

In 1969, both plots were irrigated 1 day every 2 weeks during May
and June. Plot 3 was irrigated once in 1970. An attempt was made in

1972 to flood irrigate Plot 1, but was unsuccessful due to the high perme

ability of the top surface of the pile. Since 1970, neither of these plots

has had any irrigation or fertilization.



170 Quarterly of the Colorado School of Mines

o
o
CM

UJ

UJ

u.
Q

Z
o

z UJ

y
-

o

UJ UJ

-J _)

<

i 1 <->

1 w

to

UJ

UJ

_I

O
I

to



Union Oil Company Revegetation Studies

Table 3.Soil test of Retort A ash

pH Paste 8.5

171

pH 1:5 8.6

Conductivity, mmhos/cm

Lime , %

4.0

19.8

Organic Matter, %

Phosphorus, lb P2 05/acre
6"

1.1

27

Potash, lb K2 0/acre
6"

1000+

Zinc, ppm 17.5

Gypsum, Meq/lOOg 12.0

Sodium Adsorption Ratio (SAR) 3.1

Texture Sandy Loam

Recommendations "This material does not appear to pose a

serious problem in establishing vegetation.

It is not excessively high in salt, and it

would appear that grasses and browse could

establish themselves. The material is very

low in phosphorus. An application of P2 O5
at a rate of 100 lbs /acre may be

desirable"

Analyses by Colorado State University Soil Testing Laboratory

(May 31, 1966)

In 1974, a field investigation of the Retort A disposal pile found that

there was a significant variation of physical characteristics of the shale

within the disposal pile. In general, the top 1 to 4 feet of the pile had

broken down into a sandy loam. It is presumed that this was the result
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of freeze-thaw weathering action over the years. The top surface of the

pile still exhibits a thin layer of slightly weathered clinkers, which appears

to act as a mulching material over the finer grained, loose zone below it.

Below the loose sandy zone are layers of highly cemented ash, the result

of percolation waters hydrating the calcium and magnesium oxides in the

original ash. The cemented zone is far enough below the surface to be

uneffected by any freezing surface temperatures.

The degree of cementation is greater in the 4 to 8 feet depth zone

than in the remainder of the shale below it. This was determined by the

penetration rate of a 2-inch sampler probe and by measurement of the in-

place densities.

Observations of the embankment along the western edge of the pile

showed an accumulation of salts at the top of this highly cemented zone.

It is inferred that after this zone became cemented, percolation water

moved laterally rather than vertically through the rest of the pile.

Observations during the last 2 years indicate the alfalfa in Plot 1 and

the grasses in Plot 3 have matured and reseeded themselves naturally.

The wheatgrass in Plot 1 has not sustained itself as well as the grasses in

Plot 3. The lack of phosphate and the lower water application during
establishment in Plot 1 may account for the difference.

Currently, the existing grasses and alfalfa show no salt or pH damage,
nor nutrient deficiency. Measurements have not been made of the yield

of vegetation, but qualitatively the density appears similar to the surround

ing native vegetation.

Plot 2, which was not treated, seeded or irrigated, has a sparse growth

of Russian thistle. Natural vegetation consisting of willow, box elder and

narrow leaf cottonwood trees have encroached into the edges of the pile

where sufficient moisture is retained.

1974-75 FIELD REVEGETATION TESTS

In 1974, the Agronomy Department of Colorado State University
was engaged to investigate methods of revegetating decarbonized shale

produced from the SGR pilot retort at the Union Research Center in Brea,
California. Ten plots were constructed at a location in the valley of Para

chute Creek (elev. 5,800 feet) approximately Yk miles south of the 1958

demonstration plant. During the late summer of 1974, six additional plots

were constructed at a plateau location (elev. 7,800 feet) on Long Ridge

approximately 1 mile northeast of the 1958 mine bench. The location of

these sites is shown on figure 1.

Retorted shale from the Retort B pilot plant at the Union Research

Center became available during last winter. Consequently, 12 new plots

were added to the valley location this summer.



Union Oil Company Revegetation Studies 173

Valley Revegetation Site

As shown on figure 3, the valley test site currently is investigating the

following treatments:

( 1 ) decarbonized shale, western aspect, 4 : 1 slope;

(2) 6-inch soil cover over decarbonized shale, western aspect, 4 : 1

slope;

(3 ) 12-inch soil cover over decarbonized shale, western aspect, 4 : 1

slope;

(4) Retort B shale, western aspect, 4:1 slope;

( 5 ) Retort B shale, northern aspect, 2 : 1 slope;

(6) 6-inch soil cover over retort B shale, western aspect, 4:1 slope;

( 7 ) 6-inch soil cover over retort B shale, northern aspect, 2 : 1 slope;

( 8 ) 12-inch soil cover over retort B shale, western aspect, 4:1 slope;

WESTERN ASPECT

4:1 SLOPE

NORTHERN ASPECT

2: 1 SLOPE

Figure 3.Valley revegetation site, Parachute Creek, Colorado.
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( 9 ) soil control, western aspect, 4 : 1 slope;

(10) soil control, northern aspect, 2:1 slope.

Each treatment is replicated.

The mulch treatment consisted of straw applied at a rate of 1,500

lb/acre and held in place with a degradeable cotton netting. This mulch

was applied to all plots except for two additional Retort B shale plots on

the northern 2 : 1 slope.

The additional Retort B shale plots were treated with a polyvinyl

acetate on one plot and with a styrene-butadiene polymer on the other.

One half of each of these two plots was covered with straw (without net-

ing) and the other half left bare. The polymers were applied at the rate

of 200 gallons/acre with a 4:1 water dilution.

Every plot at the valley site is instrumented with duplicate sets of

salinity sensors (8, 20 and 39 inch depths) and neutron probe access tubes

(5 feet depth) for determination of moisture profiles. Runoff collectors

are installed at the base of each plot, which divert all surface water runoff

into separate catchment basins for measurement and analysis. Thermo

couples have been installed an inch below the surface on the western

facing Retort B shale and soil plots for surface temperature measurements.

In 1974, the original decarbonized shale plots, with the exception of

the plots covered by 12 inches of soil, were leached with a total of 20 inches

of water over a 10-day period. This was sufficient to reduce the electrical

conductivity to less than 1.5 mmho/cm in the upper 8 inches of shale and

to less than 6 mmho/cm in the remainder of the pile.

Though seeding, mulching and fertilization were carried out in 1974,
the tests were aborted in 1975 to initiate new seeding experiments con

current with the Retort B shale tests.

During the 1974 tests, it was determined that high pH might be a

problem with decarbonized shale. Greenhouse tests at the Union Research

Center indicated that the best plant growth was achieved in decarbonized

shale with large doses of granular sulfur, in addition to phosphorus and

nitrogen. Sulfur-oxidizing bacteria, ubiquitous in surface waters, slowly

solubilize the sulfur into the aqueous phase, making it acidic and thus

giving it neutralizing capability in the shale. In the late summer of 1974,
granular sulfur was applied to the decarbonized shale plots at the rate

of 5 tons per acre.

The effect of the sulfur treatment is shown on table 4. Data from an

untreated storage pile left at the site are included for a comparison.

In 1975, all the plots were leached with 10 inches of water and seeded

this last June with a mixture of grasses, forbs and shrubs, prior to mulching,
irrigation and fertilization. After seeding and mulching, the plots were

sprinkle-irrigated daily during July at a rate based on the evapotranspira-

tion requirements of the site. Fertilization consists of 200 lb/acre of
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phosphorus and 60 lb/acre of nitrogen.

While it is still too early to evaluate properly the growth on the plots,

the initial vegetation appears reasonably good on all northern 2:1 slopes,

and fair on the western plots. The plant growth on the Retort B shale is

doing better than on the decarbonized shale. This appears to be the result

of higher water retention in the Retort B shale.

Salinity sensor data show the northern aspect plots with less salinity

than the western plots. The northern plots were compacted to a density
of 90 pounds per cubic foot, versus an uncompacted density of 79 lb/cf

in the western plots. It is believed that the greater particle breakdown

due to compaction may have permitted more effective leaching of the salts.

Salt leaching from large particles depends more on diffiusion than a direct

water flushing. As would be expected, there was little evidence of salts

being drawn up to the surface by capillary rise in the coarse-grained

material.

Table 4.Effect of sulfur treatment on pH of decarbonized shale

Decarbonized Shale Test Plots Decarbonized Shale

0-6"

depth 6
"-12" 24"

Storage Pile

May, 1974 11.4 11.4 11.4 11.4

July 27 11.2 11.2

August 15 Sulfur mixed No sulfur added

in top few inches

September 11 8.7 10.5 11.2

March 27, 1975 8.3

May 13 8.5 9.6 10.1

Measurements by Colorado State University

Plateau Revegetation Site

The plots established at the plateau location have the primary ob

jective of investigating the water balance of natural precipitation on de

carbonized shale. The location of the plateau site provides a near normal

snow-pack for the area, an anticipated average annual precipitation of
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approximately 20 inches, a natural hillside slope close to 4:1, and avail

ability of spring water for initial leaching and irrigation. There are three

treatments: decarbonized shale, 6-inch soil cover over decarbonized shale,

and soil control. Each treatment is replicated. Each plot is enclosed in a

concrete container, 8 feet wide by 12 feet long by 5 feet deep, built on a

4:1 slope with a northeast aspect. The base of the container is built on

the same 4:1 slope and drains into a separate catchment basin. Like the

valley plots, the surface runoff is collected in another catchment basin.

The details of the container construction are shown on figure 4.

Each plot is instrumented with salinity sensors and neutron probe

access tubes, like the valley site plots. A weather station at the site provides

temperature, humidity, precipitation and evaporation data. Wind data is

obtained from another plateau weather station nearby.

The decarbonized shale was treated with 5 tons/acre of sulfur in the

fall of 1974, and all plots were seeded and mulched with straw in the

early summer of 1975, similar to the valley plots. The sulfur application

has not shown the same effect of pH reduction at this site as it did on the

valley site. It is believed this is due to significantly lower ambient tempera

tures at this site in comparison to the valley site. The sulfur-oxidizing

bacteria activity is very responsive to warmer ambient temperatures.

It is envisioned that the plots on the plateau will be monitored for a

number of years to determine the changes with time in the water balance,
pH and leachate characteristics in the treatments.

EROSION CONTROL INVESTIGATIONS

The coarser-grained spent shales have shown a high degree of stability

during compaction tests in the laboratory. This allows the designer of a

disposal system to consider steeper slope angles in the reclamation design.

In this design, however, there must be consideration given to erosion

during the possible occurrence of abnormal rainfall prior to the establish

ment of sufficient vegetative cover.

Union Oil is investigating erosion control on Retort B shale both in

the field with the establishment of 2:1 slope plots under various mulch

applications and in a test facility at the University of California at Davis.

The field plots at the valley revegetation site are testing the normal

straw mulch with netting and two types of polymers: polyvinyl acetate

and styrene-butadiene. Each polymer has been applied to bare Retort B

shale and to a loose application of straw mulch. The mulch and polymers

were applied after the shale was seeded and fertilized. The objectives of

these field tests are to evaluate the erosion resistance of the control ma

terials, the effective life of these materials, and the ability of the plants

under the materials to germinate and grow.
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At University of California at Davis, a screening test was performed

on a number of various erosion control treatments. Three erosion control

chemicals were used: polyvinyl acetate (Amsco Res. 3011), styrene-

butadiene (Amsco Res. AB1881-C), and an asphalt emulsion (SS-1). The

polymers were mixed with wood fibers and applied at three different water

dilutions: 6:1, 12:1 and 24:1; and at two different solids concentration

rates: 500 and 1,000 lb/acre. A wetting agent, X-77, was included in one

test with each polymer to determine if a deeper penetration of the polymer

was important.

Duplicate treatments were applied to Retort B retorted shale in green

house flats ( 14 by 20 by 3 inches deep). After curing for 48 hours, the flats

were inclined at a 1:1 slope and exposed to simulated rain in a raintower

at 2 inches/hour rate. Results of this testing are shown in table 5.

The results indicate that both polyvinyl acetate and styrene-butadiene

polymers were effective when applied in a dilution ratio of 6 volumes of

water to 1 volume of polymer and at a rate of 1,000 lb dry polymer per

acre. Styrene-butadiene diluted with a 24:1 ratio and applied at a rate of

500 lb/acre was almost as effective as the more concentrated treatments.

Asphalt emulsion applied at a rate of 742 gallons/acre gave similar results.

The wetting agent did not help the effectiveness of the polymers.

SUMMARY OF FINDINGS

Alkalinity

Spent shale materials which have not been subjected to temperatures

high enough for significant carbonate decomposition do not present a

serious alkalinity problem. Those materials which have had carbonate

decomposition will require a reduction in alkalinity before a satisfactory

plant growth can be established on them directly. Alkalinity can be re

duced by natural weathering and leaching by precipitation, but it will take

up to 8 years. Alkalinity reduction can be accelerated by treatment with

a neutralizing agent. Granular sulfur has shown that it can act as an ef

fective neutralizing agent under appropriate temperature and water condi

tions.

Salinity

Coarse particles of spent shale release salts at a slower rate than fine

grained material. Greenhouse and field tests indicate that less pre-leaching
water is needed with coarse-grained shales, but more water is needed dur

ing the initial establishment period. Capillary rise is greatly reduced with

coarse-grained materials. By the time particle breakdown occurs, the salts

should have been already leached out.
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Nutrdznts

As in studies of other spent shales, Union Oil has also determined

that phosphorus and nitrogen are required during plant establishment.

Use of sulfur for alkalinity reduction also provides another source of this

secondary nutrient.

Vegetation

Range grasses and alfalfa tests on Retort A shale have shown that they
can mature and reseed themselves under natural conditions after initial

irrigation and fertilization. Union Oil is currently investigating more than

20 plant species on Retort B and decarbonized shale at the newly estab

lished plots in the valley and plateau sites. It is too early to make any

judgments on the long-term survival of these plants, but based upon initial

germination, the results appear favorable.

Erosion Control

Polyvinyl acetate and styrene-butadiene polymers are effective erosion

control agents, which might be applied to slopes that could experience an

erosion problem prior to establishment of a satisfactory vegetation cover.

These chemicals do not appear to hinder seed germination or seedling

growth.



UTAH'S ATTITUDE TOWARD DEVELOPMENT

OF OIL SHALE

Gordon E. Harmston

Even though Utah is one of the most urban of states, ranging with

the top ten in urbanization simply because 85 percent of the population

resides in four counties of the so-called "Wasatch
Front,"

rural Utah, where

our energy resources are deposited, has been faced with a very low eco

nomic base.

In 1965 when our present governor Rampton came into office, his

campaign had been based heavily on an increased drive to bring industry,

including tourism, into Utah. His program has been rewarding and our

original plea for industry of any type just to provide jobs and a tax base

has now been replaced with a rather selective attitude that we want in

dustry if it can conform to our ambient air and water quality standards.

Politically our people are receptive to assimilating the challenge of wresting
our energy resources from the earth and converting them to a form that is

useful to our present day technology. However, should the Congress act

affirmatively on a subcommittee recommendation to put national parks and

national recreation areas in a zone one classification for degradation of air

and adopt a 50-mile buffer zone, you can write off Utah's energy resources

as something of academic interest only.

Themain area of interest is the great Uinta Basin. The Basin has been

through many boom and bust periods, starting with the Rangely Oil Field,
and after that the first commercial production of oil in Utah in 1946. We

have gone through the heavily impacted time caused by the construction

of Flaming Gorge Dam, Steinaker Reservoir, and other large reclamation

projects; and lately, the discovery of the Altamont-Bluebell oil field, which
ranks as one of the largest new finds in the United States.

My hometown of Roosevelt, Utah, has grown from a population of

approximately 2,000 in 1970 to a present population of over 5,000. The

impacts have been great, but the very fact that there were good jobs avail

able for the children of the area, the fact that business receipts have tripled

Gordon E. Harmston, executive director, Utah Department of 'Natural Resources, Salt

Lake City, Utah.
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and quadrupled, and the fact that the tax base has gone from $10 million

in 1963, when I first represented the area in the Utah State Legislature, to

$151 million this year, makes it a very nice misery to have for a vast

majority of the people. People have had to move over and make room;

but the problems have not been such that we don't look forward to the

challenges of even greater development that the oil shale industry promises.

Our oil shale reserves have been estimated as high as 1.3 trillion barrels.

In 1922 the flow of the Colorado River was allocated to the seven

Colorado River states. Utah received 23 percent of the remainder after 7.5

million acre feet were allowed to go to the Lower Basin states. In the

intervening years we have been able to develop some of this water, but

of the approximate 1.3 million acre feet available to us, we are effectively

using only something over 800,000. In the meantime for the last 53 years,

water has continued to run down hill and ends up presumably in Cali

fornia. We have been thwarted in every move to use our water because

the cost-benefit ratio just does not support large-scale development. This

is particularly true since, in the early planning stages, it was felt that to

make it economically viable the water had to be transported from the

sparsely settled Uinta Basin to the Wasatch Front to give a municipal and

industrial base that could pay enough to make the project feasible.

Of course, by allowing this transfer of water, projects were completed

which permitted us to firm up irrigation and some municipal and industrial

water to make development in the Basin possible. We have always had a

right to use the water, but the only time it was available was in the early

spring, when we didn't need it. And without storage, it could not be used

in the late summer and early fall when our crops needed maturing. One

of the reasons I was so anxious to accept the job as director of the Depart

ment of Natural Resources was so I could argue and advance the cause

of keeping Colorado River water, at least the remaining possible water

available, in the Uinta Basin for use when our energy resources could be

extracted for the benefit of all.

Some 10 years ago, Utah was attempting to exercise its in lieu land

selections. Utah was allotted four sections (sections 2, 16, 32, and 36)
from every townsite when she gained statehood in 1896. However, some

of these sections fell in reservation areas, such as Indian reservations,

military reservations, Naval oil shale reservations, and Bureau of Reclama

tion reservations, or they were unsurveyed and could not be determined,
and the state was to select other areas in lieu of these sections. So, at the

behest of the Bureau of Land Management, we applied for a total of

157,000 acres of land known to contain oil shale to satisfy these in lieu

selections. We were repeatedly assured by various echelons of the federal

government, up to and including the Secretary of the Interior, that we
would be getting title any day. Finally Secretary of the Interior Morton

admitted that he felt incapable of granting our
applicationthat we would
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have to go to court.

Before going to court, the Secretary of the Interior and the Utah

State Land Board stipulated that at the time of our applications the 157,000-

acre tract was not "producing or because under federal law

this category would have made them off limits under the in lieu selection

program. We further stipulated that the leasing should proceed and that

whoever won would accept the terms under the lease. Payments for the

two prototype lease areas are being made to an escrow account under

the control of the federal judiciary while the matter is being litigated.

In addition to these lands, we have many state-owned sections that

have great reserves of shale. They have all been leased, and before the

prototype shale oil leases were promulgated we repeatedly told the De

partment of the Interior that if the federal government would give us title

to the 157,000 acres, we would have ample reserves available so that large

capital investments could be made to see if we now have a feasible tech

nology for tapping these riches. The very magnitude of the shale oil re

serves in this three-state region makes it imperative, in our opinion, that

we proceed to try to gain some measure of self-sufficiency in this energy

field.

We recognize that we do not have a large resident deer herd, and

that our area is neither as productive nor as beautiful as that in the

Piceance Basin. We do recognize the necessity for keeping our air and

water as clean as possible within acceptable limits. When conservationists

talk about no degradation, they really mean no development, including
breathing. We don't interpret it quite that strictly, and we think we should

give every assistance to industry to make this project fly.

I am sometimes appalled by the great sums of money that industry is

being forced to spend to gather data, and the endless quantities of data

for data's sake. To give an example, at the last meeting of our Oil Shale

Environmental Advisory Panel in Rangely, one company had brought the

quality reports required on their environmental monitoring system and it

was composed of 17 looseleaf books, each approximately 2 inches thick! I

think the Panel is starting to recognize that five or six monitoring systems

and studying the rodents to the point that they can almost recognize them

individually is a little bit ridiculous.

We in Utah do not know whether the so-called "mature
industry"

of

1 million barrels a day can be accommodated by our finite air and water;

but we do think we should give it the old college try and render every

effort to make a success of the initial 100,000 barrel-a-day industry in Utah,

and, hopefully, at the same time in Colorado.

We have large energy resources available in Utah, and almost with

out exception using them involves, in one way or another, the use of water.

Water is in very short supply and we have something on the order of 10

million acre feet applied for. We have proposals to build new power plants
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whose output would approximate 12,000 megawatts, when the present

consumption in Utah totals something like 1,200. We should devote some

of our remaining water to creating new tax bases and new wealth not only

for the benefit of Utah, but to the benefit of the nation. You can argue

that conservation of existing supplies of energy, coupled with appropriate

use of "the will make it unnecessary to build any more power plants.

We don't happen to share that view. Just the demands to clean up present

industrial wastes, both air and water, seem to hinge on the availability of

new energy sources. As we get more sophisticated in reducing emissions

to the air and water, we seem to require ever greater sources of electricity.

Investment in the oil shale industry in Utah, as reported to Governor

Rampton by Harry Pforzheimer, president of the White River Oil Shale

Company, will represent 15 percent of the combined assets of the three

partnersPhillips, Sohio and Sun. In preparation for this industryand

certainly we recognize that it is not the total answer, but an attempt to

combat the effects before they
occurcertain steps have been taken by

Governor Rampton and the Utah Legislature. First and foremost, a con

stitutional revision was passed, the only one of several that were proposed

to the electorate. The revision allows creation of special service districts

that can breach governmental lines, such as cities and counties, to en

compass regional energy-producing complexes to make tax revenues avail

able to address some of the socio-economic impacts, such as schools, roads,

hospitals and social services. This was done because many times the county

would get the taxes and a city would get the headaches. This is what

happened in Duchesne County where the number of people involved in

the industry created a tax base of $151 million, leaving the city with the

problem with only a $4 million tax base.

The Legislature in our last special session passed the so-called "Energy
Package,"

which allows energy companies to pre-pay their sales taxes. Said

taxes are to be made available to the Highway Department and the school

system before the plant is operable, and hence taxable. This was done

because it sometimes takes 4 or 5 years of construction before a plant is

complete; but the homes and the services are needed almost immediately.

Governor Rampton also, by executive order, set up two planning com

missions, one in the Uinta Basin and one in the Kaiparowits area. Help
was also available from state agencies as required, and assistance was also

made available so that professional planning help could be employed.

Every county in Utah now has a master plan and zoning ordinances so

that most of the abuses of tent cities and rapid development can be amelio

rated.

Latest information we have indicates that the development of Utah

shale will be more gradual than we first were led to believe. It will be

preceded by a pilot retort, either on site or at Anvil Points, and will require
3 or 4 years of operation to demonstrate feasibility. Also I strongly suspect
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that final construction, because of the large capital requirements, is con

tingent upon either large-scale government finances on a no recourse basis,
or at least a guaranteed price for the product until investment is recouped.

Under normal appropriation processes employed since 1903, water

rights that have been granted and certificated have been given in perpetuity

as long as beneficially used, and were subject to sale in the market place

to other users. In using the last precious drop of Colorado River water,

we are adopting the philosophy of giving an applicant the right to use the

water for a predetermined length of time, or until the plant has ceased to

operate. It is then available to the state for re-allocation for the use that

is deemed in the best interest of the public, rather than to the one who can

pay the most. In this light, the Kaiparowits power plant has been granted

a right for a predetermined number of years, and the same rationale is

being used in developing plans to make water available to the White

River Oil Shale Company on its prototype lease sites. While we are trying
to help solve their problems, we are trying to scale the storage facilities

to a size that will take care of most deferred Indian water rights, and other

uses that will be identified in the immediate vicinity.

The attitude of the people in Utah is one of supporting this new and

vital industry, giving it all the help we can on the one hand, while insisting
that industry act as responsive neighbors, and that the beauty of our ter

rain, the purity of our water, or the cleanliness of our air are not destroyed.

This is a big order, and it can only be accomplished through a spirit of

conciliation and help, and not as a confrontation.



 



QUALITY ASSURANCE FOR METEOROLOGICAL
AND AIR QUALITY STUDIES IN SUPPORT OF

THE RIO BLANCO OIL SHALE PROJECT

Doris A. Bauer and Gregory A. Cresswell

ABSTRACT

A summary is presented of the development and application of quality

assurance (QA) to atmospheric monitoring techniques for baseline data

collection and analysis. The formulation and implementation of a QA

program designed to assure meeting the oil shale lease stipulations is dis

cussed.

Quality assurance is a system for monitoring a project to ensure that

the final product meets preestablished criteria. A quality assurance pro

gram formally defines and describes those activities necessary to obtain the

product, incorporating checks for monitoring progress and evaluating

acceptability at points throughout the process. This includes issuance of

procedures and forms to be used during the project. It also involves defini

tion and maintenance of a documentation system for monitoring and

evaluating program activities, for historical reconstruction of the facts and

substantiating data.

Quality assurance has been primarily applied to projects where the

final product, deliverable, is a tangible item, for example, hardware. Re

cently however, there have been increasing requirements that service type

activities, such as environmental data gathering projects, include quality

assurance programs. This has been prompted by the need for a means

of verifying the accuracy of the information gathered should adversary

proceedings occur. The objectives of a quality assurance program, whether

for hardware or service-oriented projects, are the same. Differences arise

in the procedures, checks and documentation that make up the system.

Doris A. Bauer and Gregory A. Cresswell, program managers, EG&G, Environmental

Consultants, Denver, Colorado.
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GENERAL APPROACH: A QUALITY ASSURANCE PROGRAM

FOR ENVIRONMENTAL PROJECTS

Establishment of a quality assurance program involves a systematic

approach to ensure that the program addresses and meets the project

specifications while minimizing the cost impact of the program on the

project. Such an approach involves three phases: definition, development,

and implementation.

Definition involves relating quality assurance and project require

ments into a coherent statement for program development. The elements

of a quality assurance program and the matrix through which they are

related must be identified and understood. Under the best circumstances

these will have been defined and a general quality assurance program

implemented prior to developing a project specific program. Project re

quirements are determined through review of the contract. Comparison

of the project requirements and the quality assurance system establishes

the framework for development of the specific program.

Using this framework as a guide, the program can be developed. In

formation pertinent to the project activities is gathered and evaluated. A

major portion of a quality assurance program is the definition of the

methods, procedures and forms to be incorporated into the quality assur

ance matrix. Project requirements identify those data to be collected and

establish appropriate specifications. Existing techniques, instruments and

methods for obtaining these data are identified. Each is evaluated for

ability to meet the specifications. Where the existing techniques are not

adequate to meet project requirements, modifications are developed. Quali

ty assurance operational procedures and forms are then generated using

the methods and the quality assurance matrix. The procedures and forms

are designed so that all quality assurance control documentation and checks

are incorporated into the data process. The procedures, forms, and other

information are then combined with the general quality assurance program

to generate a project specific quality assurance manual. This manual pro

vides operational guidance for project personnel, describes the details and

extent of the quality assurance program, and, as project changes occur,

describes those which have been implemented, deleted, or modified. The

quality assurance manual provides a detailed statement of activities over

the entire project.

The final phase of the process is implementation of program. This

involves an iterative process of training, executing, reviewing and revising.

All personnel should understand the overall quality assurance process and

know the details of those activities with which they are involved. This

understanding is obtained through quality assurance training classes. Once

the program has been initiated, the system should be reviewed periodically
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for completions, for ease of data flow, and to identify inconsistencies and

redundancies. Individual activities should be reviewed for workability,

reasonableness, and accuracy. Revisions should be made as required. This

should be an on-going process throughout the project.

QUALITY ASSURANCE PROGRAM: EG&G, ENVIRONMENTAL

CONSULTANTS

Observing developments and anticipating future requirements in the

environmental field, EG&G, Environmental Consultants developed a basic

quality assurance program for environmental data gathering projects. To

develop this program, EG&G drew upon its experience in quality assur

ance for previous environmental projects and hardware and instrument

calibration projects, and existing guidelines from federal agencies. The

basic manual was completed and published in August 1974. This basic

program was subsequently expanded to construct the EG&G quality assur

ance program for the Rio Blanco Oil Shale Project (RBOSP ) .

The basic Quality Assurance Manual contains a requirements section

which provides the framework for each of the functional elements which

make up the quality assurance program. These elements are:

review of contractual documents;
procurement control;

calibration and control of equipment;

data acquisition/field operations;

data processing;

review of final reports;

nonconforming material reports;

handling, shipping, and storage;
personnel training and qualifications;

documentation;

quality assurance audits;

special project instructions;

expert testimony.

This framework formalizes the involvement of quality assurance in a project

from the initial planning stages to delivery of the final report. Quality

assurance operational procedures (QAOP) are the basis for implementing
the quality assurance program. The procedures define methods of quality

assurance for data collection, reduction and analysis. They also specify

guidelines for mstrumentation selection, emplacement, monitoring, cali

bration and maintenance. To accommodate special requirements for any

project not covered by standard QAOP documents, special project in

structions are issued. The instructions may be coupled with appropriate
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standard QAOP or additional QAOPs generated to form a customized pro

gram.

The quality assurance program also contains quality assurance forms

(QAF) which provide official records of program activities. The various

QAOPs describe how to use these forms and the distribution of each

through the data flow system. The basic program contains a conceptual

diagram of data flow through the EG&G system. For each program a

detailed data flow chart is drawn and incorporated in the project Quality
Assurance Manual.

RIO BLANCO OIL SHALE PROJECT: QUALITY ASSURANCE

FOR METEOROLOGICAL AND AIR QUALITY STUDIES

For all projects, standard procedures are followed and monitoring is

done to ensure compliance with contractual and other requirements. The

implementation of a formal quality assurance program and the extent of

such a program is determined by the specifications for the individual

project. From EG&G's experience, the features that differentiate the project

with a quality assurance program from that without one are the formaliza

tion of the procedures, forms and data flow and the introduction of the

quality assurance organization as an external monitoring function. To

obtain the desired levels and quality of data, the Rio Blanco Oil Shale

Project (RBOSP) Meteorological and Air Quality
Studies'

specifications

included a requirement for a quality assurance program.

As a first step the basic EG&G quality assurance program was applied

to the project. This program was then modified to obtain a project specific

program as the requirements of the meteorological and air quality studies

were investigated and evaluated.

In the basic quality assurance program, the initial quality assurance

activity is a review of the contractual documents. The review includes

all referenced regulations and procedures as well as the actual contract

documents. For the RBOSP Meteorological and Air Quality Studies this

included such documents as the Oil Shale Environmental Lease Stipula

tions and state and federal regulations. Quality assurance and program

management performed this review and generated a summary of their

findings as indicated in the quality assurance procedures. Among the

major project constraints identified are 90 percent recovery of air quality

data and 95 percent recovery of meteorological data.

The requirements identified during the contractural review were used

by scientific staff and program management as the bases for developing
the technical plan. The adequacy of instruments and procedures to meet

the constraints were determined. Modified and new procedures were de

veloped where necessary. Developing an appropriate plan involved con-
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sideration of such things as U.S. Environmental Protection Agency (EPA)
methods, critical spares definition, and backup data recording systems.

Also to be defined were the frequency of maintenance and operational

checks, and calibration necessary to obtain the percent data recoverability
specified. Cost-benefit analyses of detecting and eliminating borderline

data points through operation and maintenance checks and audit checks

were necessary. These considerations were especially critical because of

the nature of the deliverable materials for the RBOSP. Measurements

cannot be remade nor can a faulty measurement be identified and replaced
after the fact. A system of checks of the appropriate type and frequency
had to be built into the technical plan initially for the data to be recovered

to the project specifications. Once the technical plan was completed, it

was reviewed by Quality Assurance for compliance with the contractual

specifications. Quality Assurance used the contractual review document to

evaluate the project plan for contract compliance. Quality Assurance does

not participate directly in the development of a technical plan. It is an

independent function for evaluating compliance of a project with its re

quirements. Quality Assurance may recommend to program management

ways to meet the requirements if the activities are not found to be satis

factory during an audit. However, program management and scientific

staff must determine the best method and implement any actions with

Quality Assurance concurrence that satisfactory resolution will be obtained.

After approval of the technical plan for the RBOSP Meteorological

and Air Quality Studies, the quality assurance program specific for the

project was developed. The initial step in the development was the

identification of the data flow scheme, the procedures and forms, and any

special project instructions required for the studies. These were compared

with the basic quality assurance program to determine the additions,

deletions and modifications necessary to obtain a complete quality assur

ance package for this project. These changes were incorporated into the

basic manual. The resulting manual contains the complete quality assur

ance program for the RBOSP Meteorological and Air Quality Studies.

Quality assurance program development and the measurement system

construction, installation and testing proceeded from contract award until

February 1975. On February 3, 1975 a quality assurance audit was per

formed by the contractor at which time the quality assurance program was

determined to be implemented and functioning. Data recovery officially

commenced at that time.

The implemented quality assurance program encompasses all the

functional elements outlined in the basic quality assurance program. Sup
plements to the appendixes of the basic manual give a summary of the

specifics for the RBOSP project. These supplements include a summary of

primary reference documents, a statement of EG&G project personnel, an

index of quality assurance operating procedures and forms, a summary of
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instrument specifications, a data flow chart, and a statement of program

specific customized manual additions. The procedures and forms sections

contain the detailed means of performing the project activities within the

guidelines of the functional elements of the quality assurance program.

Review of contractual documents has been discussed above. This

process provides the basis for continuing quality assurance monitoring of

the program as well as the initial development of the technical plan. If

contract modifications occur during the program, quality assurance and

program management review the changes and update the contract analysis

summary. The updated summary then becomes the basis for future moni

toring activities.

Procurement of equipment, materials and services are monitored by

Quality Assurance. The scope of Quality Assurance's involvement in pro

curement control is defined and documented during the contractual anal

ysis procedure. The procurement control process commences prior to solici

tation and continues until all purchased material is released for use. This

activity includes evaluation. Evaluation review involves setting the speci

fications to which test and measurement equipment, operating materials,

and subcontractors must comply. Review of purchase orders ensures that

the vendor will supply required material such as instruction and mainte

nance manuals, calibration certificates with traceability verification, and

drawings or other material which are required for quality assurance and

technical activities. When the item is received, prior to use, it is examined

for compliance with the purchase order specifications. When the equip

ment is accepted, its identification is entered into the quality control docu

mentation system. This system contains detailed information on all equip

ment. It includes master instrument record, instrument history, calibra

tion, and maintenance information, calibration and maintenance schedules,

and detailed calibration procedures for all equipment (fig. 1).

Calibration and control of equipment establish and maintain uniform

methods to provide data which is operator independent. Control is en

forced to prevent inaccuracies by timely detection and correction of defi

ciencies. Calibration and control activities include validation of proce

dures, calibration systems, maintenance and inspection, and instrument

modification. The manufacturer's recommended maintenance and calibra

tion procedures for each new piece of equipment are reviewed and modi

fied, if necessary, for acceptability. Once the procedures are approved,

they are incorporated into the appropriate sections of the quality control

documentation system. The calibration system includes procedures, stand

ards, calibration services and calibration controls. The calibration system

ensures that equipment is calibrated at designated intervals by appropriate

methods with equipment which can be traced to recognized standards

when possible. Maintenance and inspection activities involve predeploy-

ment and postdeployment procedures which ensure that the equipment is
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functioning within the established criteria when it leaves the maintenance

area and checked when it returns to establish that it is still within the

documented limits. Permanently installed equipment is calibrated and

checked at specified intervals in place. Should modifications of an instrument

be required, Quality Assurance monitors the activities to evaluate the ef

fectiveness of the modification and define its effect upon the total system

of which it is part. For RBOSP Meteorological and Air Quality Studies,
calibration and control procedures were developed for the specific equip

ment used for the study. These procedures were developed to address the

requirement for 90 percent recovery of air quality data and 95 percent

recovery ofmeteorological data.

Quality assurance concerns also include the handling, shipping and

storage of instrumentation, samples, materials and data. Procedures and

forms for these activities are part of the EG&G RBOSP quality assurance

program. Where special handling is required for samples or materials used

in the project, project specific instructions and procedures were incorpo

rated into themanual.

Data acquisition, processing, and storage are major activities of the

RBOSP Meteorological and Air Quality Studies. These activities are ad

dressed through two functional elements of the quality assurance program,

data acquisition/field operations and data processing. The primary quality

assurance concern in the data acquisition area is data management. In fig
ure 2 we show the general EG&G, Environmental Consultants data flow

system. The objective of the data management system is to ensure that the

location and state of the data can be determined throughout the acquisi

tion-processing-storage process. The system maintains records of all de

ployment/retrieval, periodic surveillance, and field operations, including
calibration and operational/maintenance checks as established in the

QAOPs. In data processing the data management process continues.

Checks and cross-checks are also maintained so that accuracy and integrity
of the final data can be verified. Records are maintained of how the data

is processed and of any other activities that could influence the final re

sults, such as maintenance of data processing equipment. The data flow

chart (fig. 3) given in the EG&G RBOSP Quality Assurance Manual de

fines the total data control system for this project. This chart coupled with

QAOPs, which define procedures and forms for use during the project, es
tablish the data flow process.

After data acquisition and processing is completed, reports are gen

erated. Quality Assurance reviews the reports to ensure that all the data

used have successfully fulfilled the requirements of the quality assurance

program. Quality Assurance also reviews the report document for compli

ance with contractual requirements using the contract review summary as

the basis for the review. Reports are not released until Quality Assurance

verifies that all project requirements have been addressed.
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Deficiency control is another major function of quality assurance.

Deficiency control is accomplished through nonconforming material reports

(NCMR ) and when necessary deficiency analysis reports (DAR ) . NCMRs

are used to document all possible deficiencies requiring a disposition. They
may be originated at all organization levels within the project. Deficien

cies with short-term disposition are documented and resolved on the

NCMR form (fig. 4). Quality assurance verifies that appropriate person-

n

r

i_

NON-CONFORMING MATERIAL REPORT

~l

NCMR No. 60916

J
ITEM NO PART NO REV DESCRIPTION QT,

0R07~|
OT, EC OTY <NSP Tor,

ITEM
CITY

OEF CHARACTERISTICS DISCREPANCY
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DEF REMARKS

MATERIAL REVIEW ACTION
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^ACCEPTABLE

RETURN FOR

[~~[ CREDIT

3 ITEMS REPAIR AT EG ft G , ,
1 | ACCEPT

1 1 REPLACEMENT >
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4 ITEMS SCRAP

REASON FOR DECISIONS | CORRECTIVE ACTION

j
;

|
1
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| | PREPAID Q COLLECT

Figure 4.Nonconforming material report as presented in EG&G Quality Assurance

Manual.
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nel participate in the decision process and that the resulting information is

recorded. Problems which are too extensive for short-term resolution are

recorded on a NCMR form, and Quality Assurance initiates a DAR and is

responsible for initiating and managing scientific investigation of the prob

lem and for corrective action being taken. All deficiencies are evaluated

for effects on previously collected data. Data which may be affected are

identified, checked and released to, or eliminated from, the acceptable data
file as appropriate.

Quality assurance activities are based upon documentation and main

tenance of a comprehensive and well-defined documentation system.

QAOPs and QAFs provide the basis for this system. Throughout a project,

Quality Assurance performs audits of the program activities to ensure that

all procedures are being followed. Should deficiencies be found, appropri

ate action is taken to correct historical and future impacts, as possible. In

this way, compliance with all requirements is verified throughout the proj

ect. Quality assurance personnel are independent of direct program roles

and report at a level above program management. This ensures unbiased

evaluation of the program activities.

The RBOSP Meteorological and Air Quality Studies have an imple

mented, comprehensive quality assurance program encompassing the ele

ments described above. Customization of the basic quality assurance pro

gram is an anticipated part of every project because of varied data meas

urement and analysis requirements. The objectives and role of quality

assurance, however, remain the same for all programsto provide a means

for monitoring program activities, attaining the project requirements, and

validating the information gathered during the project. RBOSP quality

assurance program, developed by EG&G, is successfully fulfilling these

objectives.



SOME CONSIDERATIONS IN MONITORING LOW

CONCENTRATION AIR QUALITY PARAMETERS

David Jones and ClarkMusgrove

In monitoring of air pollutants at low concentrations, we are usually

talking about a baseline monitoring program, that is, a monitoring program

to establish existing or natural levels in an area prior to its development.

Such a program must accurately determine the existing levels of the pollu

tants of interest to allow comparison to existing state and federal air quality

laws, and to establish a basis of comparison for future monitoring studies.

In baseline monitoring programs, the pollutant levels may be near or

below7 the detection limit of the analyzer much of the time, and may be

less than the allowable daily zero drift specification for the analyzer. As

an example, a flame photometric sulfur analyzer may have a full-scale

range of 1,000 ppb. A daily zero drift spec of 1 percent or 10 ppb, and a

minimum detectable limit of 5 ppb. Given these specs alone, monitoring

sulfur levels in the 5 to 20 ppb range is fraught with uncertainty. When

other factors which could influence the data are taken into consideration,

the difficulties are multiplied. These include uncertainties in the calibra

tion, errors deriving from the data recording and processing, variables in

the shelter such as temperature and voltage, and insufficient maintenance

of the system. Although there may be little we can do about the uncer

tainty of the analyzers themselves, there is a lot we can do to reduce the

uncertainty from other sources. Let's examine some of these in detail.

CALIBRATION

The first question is, "How often should I A reasonable

guideline is to calibrate often enough that the expected analyzer drift be

tween calibrations is small compared to the observed pollutant concentra

tion. In a baseline monitoring situation, however, the pollutant levels may
be less than 10 ppb, while the instrument may drift 10 ppb per day and

still be within the factory specifications. The previously stated guideline

would thus indicate many calibrations per day, and we would spend all

David lones and Clark Musgrove, Radian Corp., Austin, Texas.
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our time calibrating and not monitoring. Some compromise must be

reached, and the following is recommended: calibrate often enough that

the expected analyzer drift is small compared to the observed pollutant

concentration or calibrate daily.

Besides assuring that the data are accurate, another purpose of cali

bration is to determine whether an instrument is
"down"

(inoperative).

In remote areas the analyzer output may stay on zero for days because no

measureable pollutant is present. Unless it is calibrated frequently, how

ever, it may be difficult to tell whether the output is zero because of no

pollutant or whether the output is zero because the analyzer is down. If

the analyzer is eventually calibrated and found to be inoperative, it may
not be possible to determine when it went down, and because of this un

certainty all that datamay have to be discarded.

For monitoring in areas with very low pollutant concentrations, it is

desirable to use a span gas of low concentration, e.g., in the 50 to 100 ppb

range for NOx or sulfur compounds. It makes little sense to calibrate at 80

percent of full scale if ambient levels never exceed 10 percent of full scale.

This is more important for some analyer types than others. NOx and ozone

analyzers are inherently linear, whereas flame photometric sulfur analyzers

have linearizing circuits, and it has been our experience that over a period

of time these can become nonlinear in either the high or low ends of the

monitoring range. At the low end of the scale, this can contribute signifi

cant error and is difficult to detect via a multipoint calibration since it is

difficult to generate reliable span gases with very low concentration. We

have found that the best solution is to check monthly the linearizer with a

pico-amp source substituted for the photomultiplier tube. Low pollutant

concentrations are accurately simulated by precise input currents from the

pico-amp source, thus providing a check on the system downstream from

the photomultiplier tube. Another approach if one has a minicomputer is

to record the logarithmic output of the analyzer and let the computer make

the conversion.

Given that one decides to do routine span checks with a gas of low

concentration, considerable care must be exercised in generating that gas.

Whatever the source of the span gas, a dilution step is normally involved,
and we recommend the use of temperature controlled capillaries and high

quality pressure regulators for control of flow rates. Next, it is important

to measure these flows with a bubble meter rather than accept the manu

facturer's stated values.

For permeation tube systems, extra considerations are in order. The

permeation tube output should first be compared to an NBS tube to estab

lish its permeation rate. When the system is installed, the concentration of

the span gas should be determined by measuring, and if necessary, adjust

ing the oven temperature, measuring the flow rate and temperature of the

stream through the oven, measuring the flow rate and temperature of the
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dilution stream, and measuring the barometric pressure at the time. Only
then can the actual concentration of the span gas be calculated. It is rec

ommended that the oven temperature and the flow rates be rechecked

monthly.

For bottled gases, straight dilution can be used to provide the desired

concentration. Again, however, the flows should be controlled with tem

perature controlled capillaries and accurate pressure regulators, and should

be measured monthly with an accurate bubble meter. Whenever possible,

bottled gases should be compared to National Bureau of Standards (NBS )
gases, or even sent to NBS for analysis.

When a gas chromatograph type analyzer is used for methane and

total hydrocarbons, normal practice is to use several different bottles of

span gas instead of diluting one bottle. For daily calibrations only one

bottle need be used. As with all analyzers, the span gas should be of a

concentration which allows the analyzer to be calibrated on the same range

as that normally used for monitoring. The calibration species (normally

methane) for total hydrocarbons must be in air. The calibration species

for the methane may be either in air or in nitrogen. Since significant levels

of methane and nonmethane hydrocarbons may be observed even in re

mote areas, calibration procedures used in urban areas can be applied.

We have always used gas chromatograph type analyzers for carbon

monoxide monitoring in remote areas. Until fairly recently the nondis-

persive infrared (NDIR) analyzers had a lower range of 50 ppm, and

assuming a noise level of 1 percent, the noise from this type analyzer would

frequentlymask the ambient carbon monoxide levels.

Bottled carbon monoxide span gases have always presented stability

problems, especially CO in air. NBS supplies a CO in N2 standard in a

wax-lined bottle which is certified for 1 year. It is recommended that any

CO in air standards be frequently compared to such an NBS standard.

Ozone analyzers are normally very stable and troublefree. Calibra

tion can be difficult, however. Ozone represents a case where we get back

to basic wet chemistry instead of taking
NBS'

word about the number on

a bottle. Anyone who has calibrated an ozone analyzer with the wet chem

istry approach is probably pulling for NBS to figure out a way to bottle

ozone. We are all familiar with the controversy surrounding the neutral

buffered potassium iodide calibration procedure for ozone. However, the

fact that there is basis for a controversy illustrates the difficulty in ozone

calibration, especially when it must be performed on the side of a moun

tain 50miles from civilization.

As was the case for hydrocarbons, significant ozone levels may be ob

served in remote areas, so the concern is not so much how you monitor

very low concentrations as how you monitor any concentration. We are

continuing to use the
neutral buffered KI procedure as a reference, but ex

pect some day to have to apply a correction factor to the data.
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The ultraviolet span sources used for routine calibration of ozone ana

lyzers are reliable, however, they should be referenced against the wet

chemistry procedure. Their ozone output may vary with altitude, plus

they sometimes show a gradual decrease in output over a period of months.

We have not mentioned zero gases so far, but for monitoring of low

concentrations they are even more important than the span gases. If you

accept a gas as a zero gas when it actually has 10 ppb of S02, you may

never see any S02 in the monitor mode. A 10 ppb error in a 100 ppb span

gas will still provide fairly good data, however.

For S02, H2S, ozone, and N02, we have found activated charcoal to

be an excellent scrubber if changed frequently. For NO we use a chromium

trioxide-soda lime-charcoal scrubber system. For hydrocarbons we use a

catalytic oxidation unit. We also have ultra-high purity bottled air for

comparison to all the above zero gases. In remote areas there is the backup
that sometimes the pollutant levels really do approach zero, and if an ana

lyzer output goes negative when switching from zero to monitor, it is time

to start checking zero air supplies. In the case of flame-type detectors, zero

air flow rates can be important.

We have found it advantageous to provide for automatic calibration

of the analyzers. It can be performed every day, and always in exactly the

same manner. If available, a minicomputer can control the calibration and

also make decisions about drift rate.

DATA RECORDING AND PROCESSING

The data system should have a signal discrimination so that minimal

additional uncertainty beyond that in the analyzer is introduced into the

data. An analyzer may have an accuracy of 1 percent, or 5 ppb on a 500

ppb range. The data system should be capable of 1 to 2 ppb accuracy in

such a case. Digital data processors are good because they are extremely

stable, and can provide excellent accuracy. A
"twelve-bit"

digital system

has a discrimination of a fraction of a ppb on most instrument ranges.

Sampling rate is another important factor. A general rule is to sample

frequently with respect to the time period of the air quality standard for

the pollutant of interest, e.g., 12 times per hour for ozone. In a baseline

situation, however, comparison to a standard may be of less interest than

describing a brief episode if it occurs. Much of the time will be spent in

monitoring levels below the detection limit of the analyzer, and if an epi

sode occurs it is important to detect and describe it. This may require a

fairly high sampling rate, e.g., once every 5 minutes.

It is equally important in detecting episodes of particular pollutants to

have local wind speed and direction data along with the air quality data.

If high levels of pollutants were to occur it might become important to try
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to trace the source and prove that it was an unusual or unnatural event.

Without meteorological data this might be a hopeless situation.

Getting back to the sampling rate, an advantage of a very rapid sam

pling rate is that random noise in the system is removed when an average

is calculated from the individual data points.

An essential part of any monitoring system, baseline or otherwise, is to

have on-site hardcopy output of the data. This not only provides redun

dancy in the data recording, but allows the operator to inspect the analyzer
performance during the previous sampling and calibration period. This is

more helpful than any other measure in deciding when an instrument is

down, and thus in achieving a high percentage data capture.

The data collection system should have some means of associating the

correct time with each data point. With a battery-powered clock tied into

the system this can be achieved in spite of power failures.

SYSTEM DESIGN

For one just beginning to construct a baseline monitoring system,

many problems can be avoided through proper design.

First of all don't end up monitoring your own station. Except when

the doors are opened all air leaving the shelter should go through a char

coal scrubber. If the shelter is to be painted do this as early as possible to

allow time for the paint to cure. For ozone analyzers using ethylene, a small

catalytic oxidizer can be installed on the vent of the analyzer to remove any

residual ethylene. Bottled gases used for calibration are normally switched in

only during span and thus do not present a problem, however, permeation

tube systems must be purged continuously. For NOo, S02, or H2S charcoal

scrubbers can be installed on the vent of the calibration units to remove

these species. For high output tubes, however, these scrubbers may have to

be changed frequently.

If a battery back-up system is used be certain any air leaving this unit
passes through a charcoal scrubber. If you already have a monitoring sys

tem in operation, it might be worthwhile to disconnect the sample intakes

from the manifold and monitor the air inside the shelter for awhile. This

will provide an indication of potential interferences from the shelter.

Back to calibration systems. Those who dilute their span gases to very

low levels must be sure to have an adequate mixing chamber for the pri

mary stream and dilution stream. Also be sure that an excess amount of

span gas is generated so that air will not be drawn in through the vent.

Particular attention should be paid to the design of sampling mani

folds. The air flow rate should be high, the residence time low. The mani

fold should be heated slightly to avoid condensation of water vapor since

water has a tendency to absorb some pollutants when levels are high and
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emit them when levels drop. Liquid water also can have disastrous effects

on some analyzers. Since some analyzers control flow rates via tempera

ture controlled capillaries, it is not advisable to heat the manifold as hot as

these control ovens, normally 35 to 40C.

A very important item is to have some means of checking the manifold

fan. This can range from a thread suspended in the exhaust stream to a

totally automatic flow sensor. If the manifold fan quits, the analyzers will

still draw in air, but the residence time in the manifold will be long. For

reactive species such as ozone this can be disastrous. In addition, if the

manifold vents inside the shelter, the instruments may draw in room air.

It is recommended that the manifold be vented outside. If it is not, be

certain that the air conditioner or heater can never pressurize the inside of

the shelter or the flow through the manifold may be slowed or reversed.

Most manifold fans cannot tolerate a head pressure.

UNDERSTAND THE LIMITS OF YOUR SYSTEM

There are a number of checks that can be run on a monitoring system

which are helpful for understanding the system and for planning improve

ments.

For example, it is useful occasionally to leave an analyzer in zero

mode for a day or so to see how much variation occurs. The same thing
should be done in the span mode. If a significant variation occurs, it is

worthwhile to track down the cause.

Things which contribute to drift include temperature changes, voltage

changes, flow changes, and unknown factors. One can place an analyzer

in zero or span mode and monitor the identifiable factors during the test,
then look for correlations between changes in analyzer ouptut and changes

in temperature, voltage, etc. Alternatively, one can place the analyzer in

zero or span mode and purposely change these parameters one at a time

and observe the effect on analyzer output.

By continuing such tests and upgrading the system where required,

e.g., better temperature control, one can eventually reduce the variations

in analyzer output to unknown or uncontrollable factors. These will repre

sent the real limits on the system.

ZERO AND SPAN DRIFT

It is useful to examine some experiences regarding routine drift of zero

and span in a baseline monitoring program. This data was obtained from

a system in which daily zero and span checks are controlled by a minicom

puter. The actual zero and span levels are printed out on hardcopy, and it
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is from this data that the following information was derived. ( See tables 1

through 4. )
Temperature in this shelter is controlled to 3F, however, the in

struments are in a rack where the temperature is virtually constant. At this

particular site, voltage is stable, and the computer control of the calibration

assures that each calibration cycle is identical.

Analyzer flow rates and calibrator flow rates are checked at least once

a month. The data system is a twelve-bit digital system and is extremely

stable. We have done everything we can to achieve stability except try to

improve the analyzers themselves, a task we will leave to those more

qualified.

Regarding this data on drift, it should be noted that even if identical

zero and span levels are achieved on two successive calibrations, this does

not guarantee that there was no drift in the interim. Drift is composed of

many factors. Sometime these factors cancel each other, sometimes they
reinforce each other, and the result may be a series of positive and negative

drifts. For the same reasons it is equally dangerous to assume that drift

is linear between two successive calibrations.

It is because of all the unknowns contributing to drift that the special

checks described earlier should be run, i.e., leave the analyzer in zero or

span for a day or two and see how the instrument really drifts. Only then

can the apparent drifts derived from calibrations be meaningfully inter

preted.

There are many areas of importance we have not discussed, including
operational procedures, instrument selection, operator training, record

keeping, and others, however, most of these apply to all monitoring pro

grams and not just monitoring of low-level pollutants.

Table 1.

so2
Span Gas = 102 ppb

Zero Drift Span Drift

30 day average 1.53 4.10

One day max. 6 6

One day min. 0 0

Meloy Model SA185
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Table 2.

NOx NO

Span Gas = 95 ppb Span Gas = 95 ppb

Zero Drift Span Drift Zero Drift Span Drift

30 day av. 4.2 5.3 3.6 4.8

1 day max. 9 10 9 11

1 day min. 0 0 0 0

Meloy Model NA520

Table 3.

Ozone

Span Gas = 360 ppb

Zero Drift Span Drift

30 day av. 0.46 3.6

1 day max. 2.0 7.0

1 day min. 0 0

Meloy Model OA350

Table 4.

THC CH4 CO

Span Gas == 3.34 ppm Span Gas == 4.85 ppm

Span Drift Span Drift Span Drift

30 day av. 0.05 ppm 0.04 0.09

1 day max. 0.20 0.13 0.24

1 day min. 0 0 0

Bendix Model 8200



ADEQUACY OF REGIONAL ATMOSPHERIC DATA

FOR SPECIFIC PREDICTIVE PURPOSES IN

THE PICEANCE CREEK BASIN

LeroyMeyer and RogerNelson

INTRODUCTION

In order to estimate the effect of the proposed oil shale developments

on air quality in the Piceance Creek area, diffusion modeling techniques

have been used which require meteorological data representative of the

particular area. It is difficult to estimate the frequency of adverse condi

tions in the complex valley-canyon terrain which is found in this area with

out meteorological studies of the specific sites of interest. Such studies are

being conducted on and around the federal oil shale tracts. In addition,

a series of upper air studies have been conducted simultaneously above

the C-a and C-b tracts with pilot balloon releases and temperature

soundings timed to correspond with the National Weather Service (NWS )
radiosonde releases at Grand Junction. A comparison of these soundings

conducted in April 1975 is presented. Also some worst case source-nor

malized ambient air concentration (x/Q) estimates are made using the

NWS ground station data from Grand Junction and also the ground sta

tion data from Tract C-a for the spring season 1975. The comparison

of these two estimates provides some insight on the use of regional data

from the nearest NWS reporting station for specific site modeling. While

the meteorological data is a key element in a modeling program, other

factors must also be considered. A general outline for a modeling approach

will be given first.

MODELING APPROACH

The techniques suggested for the quantitative approximation of air pol

lution for the Piceance Creek Basin are similar to those used in other

studies of this type. The general outline of such an approach is as follows:

( 1 ) Source evaluation: accurately specify source parameters such

as pollutant emission rates, and the height, temperature, vol-

Leroy Meyer and Roger Nelson, EG&G, Environmental Consultants, Denver, Colorado.
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ume and speed of gas emissions.

(2) Receptor evaluation: specify location and the circumstances

under which the pollutant could cause a problem and wheth

er receptor effects are likely to be associated with other vari

ables, such as time of day, temperature or humidity.

(3) The first estimate: determine whether any air pollution

problem exists by assuming a worst case condition such as

a ground-level source in a deep surface temperature inver

sion. If such a calculation indicates no undesirable results,

there will probably never be a problem at that location. If

this first ground-level release indicates a problem, one can

simulate the effect of a stack by assuming various stack para

meters to reduce ground-level concentrations.

(4) Revised estimates: if the first estimates indicate a problem

exists, it is probably necessary to calculate fairly complete

ground-level concentration patterns to define values for sensi

tive receptor areas and to assess the probable frequency of

occurrence of adverse conditions. As a first approximation,

the general meteorological data for the area and other pecu

liarities of locality can be used. At this stage, it is also advis

able to take into account the probable effects of terrain.

(5) Meteorological study: where special problems exist such

as complex terrain, it is often impossible to estimate accu

rately the frequency of adverse conditions without local me

teorological data representative of the site and problem. To

obtain such data the instrumentation may range from a

single wind instrument to an array of sensors measuring

many parameters on a tower. More than one tower site may

also be required depending on the terrain and nature of the

problem. In addition to ground meteorological stations, up

per air measurements may be required to determine wind

patterns and lapse rates.

(6) Tracer studies: there are many instances in which problems

cannot be fully evaluated without a tracer study in which

the anticipated effluent behavior is simulated by a tracer ma
terial such as Agl or SF6. The tracer material is then mea

sured by downwind detectors and airborne sampling with

aircraft. Tracer studies are also used formodel verification.

In this paper we are primarily concerned with the items in steps (4)
and (5) above related to the adequacy of regional atmospheric data for

prediction purposes in the Piceance Creek Basin. The general locations of

the federal oil shale lease Tracts C-a and C-b are shown in figure 1.

The National Weather Service (NWS) primary stations in this region
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Figure 1.Topographic map of area surrounding federal oil shale Tracts C-a and C-b.
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are shown in figure 2. Grand Junction is the closest reporting station

to the Piceance Creek area and data from there was used in the compari

sons. Local site ground station data was obtained from the meteorological

monitoring network around the Rio Blanco Oil Shale Project at federal

lease Tract C-a. Simultaneous upper air data were obtained from Grand

Junction NWS and from the data obtained during a joint upper air study

conducted by EG&G for both the Rio Blanco Oil Shale Project and the

C-b Shale Oil Project.

UPPER AIR COMPARISONS

As part of a series of seasonal studies to determine the upper air struc

ture over the Piceance Creek Basin, a comparison of upper air wind and

temperature data was made between federal oil shale Tracts C-a, C-b and

Grand Junction, Colorado. The wind measurements were made by means

of theodolite tracking pilot balloons, and temperature soundings were con

ducted with an instrumented aircraft at times corresponding with the

radiosonde releases at Grand Junction (0500 and 1700 hours MST).

The vertical temperature structures from the surface to 13,000 feet

above Mean Sea Level (MSL ) were determined four times per day with a

sensitive shielded thermistor mounted on the wing strut of a light aircraft.

The four flights were made at approximately 0500, 0800, 1100, and 1700

hours MST. Soundings were made to within 100 feet of the surface dur

ing the day; during night flights, a 500-foot safety margin was observed.

In addition, flights were made in valleys at 0500, 0800 and 1100 hours

MST to determine the temperature structure of the air at elevations within

the canyons.

The temperature structure over the tracts followed the dry adiabatic

lapse rate well above 1,000 feet on clear days without inversions and a

wet adiabatic behavior on moist days with very few surface-based stable

layers associated with precipitation. The air from the surface to the 1,000-

foot level exhibited a complex profile with inversions in the morning hours,
which broke up by early afternoon or late morning on each measurement

day. Temperature inversions were pronounced in the valleys below the

tracts. During the spring study from April 14 through May 1, 1975, only
seven study days exhibited any form of surface-based inversion and on

only one day (May 1, 1975) did the inversion persist through the second

sounding. Comparison with the fall 1974 and winter 1975 upper air data

indicates that there are significant differences in the mixing layer heights

and intensitieswhen an inversion is present.

The vertical wind structures from the surface to 13,000 feet MSL, or

cloud base, were determined four times per day with 30-gram pilot bal

loons in conjunction with theodolites. The theodolites were aligned to
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magnetic north and then corrected to true north by rotating them 15

degrees counterclockwise. The balloons were carefully "weighed by

using a standard National Weather Service kit for 30-gram balloons inside

an enclosed area to negate the influence of wind and released 800 meters

northwest of the Tract C-b main meteorological tower and 60 meters

northeast of the Tract C-a main tower. These balloons rise at an approxi

mately constant rate of 600 feet per minute.

The wind structure above Tracts C-a and C-b depends heavily upon

the upper (500-millibar) level flows as well as the detailed surface topo

graphy, which is complex. In general, the upper level winds are pre

dominantly from the southwest, although light variable winds from all

directions were represented during the study period. In addition, wind

speeds during the early morning hours were less and not as gusty as later

in the day.

The lapse rates at an altitude of 1,000 feet above the local surface at

the tracts and Grand Junction were calculated and are presented in table 1.

For Tracts C-a and C-b the
"surface"

was taken at 7,400 and 7,000 feet

above MSL, respectively. The
"surface"

at Grand Junction was taken at

4,700 feet above MSL. The lapse rates were categorized according to the

Pasquill-Gifford scheme, as follows:

Temperature Change (C )
Stability Index With Height Over 100 Meters

A AT<-1.9

B -1.9^AT<-1.7

C -1.7^AT<-1.5

D -1.5^AT<-0.5

E -0.5^AT <1.5

F 1.5^AT

In only 3 of 25 simultaneous soundings with Grand Junction were

the atmospheric stability categories different among the 3 sites at the
1,000-

foot level.

The vertical temperature profiles on April 21, 1975 from each tract

are plotted next to each other along with the Grand Junction sounding

for a quick visual comparison in figure 3. Since they are plotted as a

function of absolute elevations above sea level, the early morning surface

inversion apparent at Grand Junction does not appear on the plots; how

ever, in general, there is reasonably good agreement among temperature

soundings from the three sites as this typical set shows.

A brief review of the wind structure comparisons indicates that while

in most cases there is good agreement between the two oil shale sites, in

others, there is absolutely none. The data available show that there is no

apparent pattern for agreement; however, days with higher wind speeds
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Table I.Temperature lapse rate at 1,000 feet above surface categorized

according to the Pasquill-Gifford stability
technique

Flight Grand Junction

Date Number Tract C-a. C-b)

4/14/75 1 E (-0. 37) E (-0. 29) E (-0. 31)

2 D (-0. 71) D (-0. 85)

3 D (-0. 92) D (-0. 85)

4 D (-0. 97) D (-0. 95) D (-1. 08)

4/15/75 1 D (-0. 73) D (-0. 90) D (-0. 87)

2 D (-1. 16) D (-1. 07)

3 D (-1. 02) D (-0. 97)

4 D (-0. 71) D (-0. 93) D (-0. 98)

4/16/75 1 D (-0. 85) D (-0. 69) D (-0. 57)

2 D (-0. 93) D (-1. 02)

3 D (-1. 10) D (-1. 07)

4 D (-1. 02

4/18/75 1

2

3

D (-0. 56)

D (-0. 95) D (-0. 90)

4 E (-0. 43) D (-1. 02) D (-0. 95)

4/19/75 1 D (-0. 78) D (-0. 77) D (-0. 67)

2 D (-0. 95) D (-0. 90)

3 D (-1. 34) D (-0. 90)

4 D (-0. 93) D (-0. 97) D (-1. 00)

4/20/75 1 D (-0. 66) D (-0. 89) D (-0. 62)

2 D (-0. 93) D (-0. 84)

3 D (-1. 02) D (-0. 98)

4 D (-0..92) D (-0. 79) D (-0. 97)

4/21/75 1 D (-0. 55) E (-0.,26) E (0.77)

2 E (-0..28) E (-0.,03)

3 D (-0. 95) D (-0. 95)

4 D (-0.,98) D (-1.,00) D (-0.,92)

A/22/15 1 D (-0.,73) D (-0.,61) D (-0.,67)

2 D (-1.,02) D (-1.,12)

3 D (-1..12) D (-1..03)

4 D (-1.,02) D (-1.,00) D (-1..00)

4/23/75 1 D (-6..68) D (-0..69) D (-0..64)

2 D (-1,.02) D (-0,.98)

3 D (-0..93) D (-1..00)

4 D (-0.,99) D (-0,.92) D (-1 .03)

4/24/75 1 D (-0..75) D (-0..59) E (-0,.08)

2 D (-1,.00) D (-0,.77)

3 D (-1,,16) D (-0 .95)

4 D (-0..98) D (-1,.00) D (-1,.05)

4/25/75 1 D (-0,.90) D (-0..89) D (-0 .82)

2 D (-1 .10) D (-1 .05)

3

4 D (-1 .08)

4/28/75 1 D (-0 .80) D (-0 .92) D (-0 .71)

2 D (-0 .95) D (-0 .97)

3 D (-1 .02) D (-0 .93)

4 D (-0 .83)

4/29/75 1 D (-0 .92) D (-0 .71) D (-0 .67)

2 D (-1 .10) D (-0 .93)

3 D (-0 .82) D (-0 .93)

4 D (-0 .96)

4/30/75 1 D (-0 .73) D (-0 .85) D (-0 .67)

2 D (-0 .98) D (-0 .87)

3 D (-1 .02) D (-0 .95)

4 D (-1 .04) D (-0 .95) D (-1 .00)

5/1/75 1 E (-0 .08) E (-0 .34) E (-0 .28)

2 D (-0 .90) D (-0 .93)

3 D (-0 .92) D (-1 .08)

4 D (-1 .05)
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track better than those with low wind speeds. A check of the temperature

profile comparisons reveals that there is no ready agreement between inter-

site wind comparisons when temperature correlations are good.

A quantitative comparison between winds at a particular level for the

NWS station and the tracts also reveals little good correlation, although

there are some cases where there is excellent agreement.

The wind directions for the same two times as the temperature sound

ings previously presented are shown in figure 4. It can be seen that near

the surface wind directions compare poorly. The first sounding is replotted

as a function of the absolute height above sea level in figure 5. The direc

tions compare much more favorably above about 9,000 feet when refer

enced to an absolute height than when referenced to the height above the

local surface.

LONG TERM MODELING

As previously discussed, the "first
estimate"

to determine if any air

pollution problems exist in an area is to assume a worst case ground-level

source. The model used in this "quick
look"

calculation is based on the

Nuclear Regulatory Commission (NRC) model for annual average con

tinuous ground-level releases. The calculations are made of effluent concen

trations normalized by source strength of plant release. A hypothetical

plant was assumed in the Piceance Creek Basin and the Grand Junction

NWS ground station data applied to the model. To determine the appli

cability of the Grand Junction data to this area, the meteorological data

from the federal oil shale Tract C-a was also used in the same model. The

data used was from the spring, 1975 season for both cases.

The long-term routine dispersion model used assumes a continuous

release of effluent in order to evaluate the impact of the hypothetical plant

under normal operating conditions. The equation used for evaluating the

source-normalized concentration is

V2AT v^v^ f(fl,m,s)
X/y

xO 2-j2-j umszm

m s

where

2,

(r
,

0.5D2H^

if X^v ^ 3^

otherwise

ums
= average wind speed in the

s~tb

wind speed class and
mth

stability category (m/sec)
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Figure 5.Wind direction versus altitude comparison for absolute altitude above mean

sea level.

o-zm
= vertical standard deviation (meters) of the plume of the

mth

stability category at downwind distance r ( derived from

Meteorology and Atomic Energy, David Slade, 1965 )
f (0,m,s) joint frequency distribution among wind speed, direction, and

stability

Dz = height of the plant building, 47.4 meters
B sector width in radians

(22.5
= 0.3927)

r = downwind distance in meters

The average value of x/Q should be based upon at least 1 year of

hourly observations of wind direction, wind speed, and atmospheric

stability. From these observations, a stability wind rose can be developed

for the standard 16 wind directions, at least six wind classes (plus calm),
and six stability classes. As an example, the joint wind speed-wind direc-
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tion frequency of occurrence for E atmospheric stability as determined

using the temperature difference over a 50-meter height interval at the C-a

monitoring site for the spring season is given in table 2.

Comparison of the atmospheric stability classes between Grand Junc

tion NWS data for spring, 1975, and the C-a tract is given in table 3. The

stability categories for the NWS data were determined using the STAR

program technique which takes into consideration cloud cover, time of

day, and wind speed.

From table 3, it is apparent that there is a total lack of extremely stable

atmospheric conditions at Grand Junction during the spring, i.e., no E, F,
or G stability categories. This is not surprising in the light of the clima

tology of the Grand Junction area and the classification technique. In

addition, the associated wind speeds are significantly higher atop the

plateau areas in the Piceance Creek Basin.

Table 2.Site 1: percentage of occurrence of wind speed class and icind

direction for stability index E (period of record spring)

1-3 3-7 7-12 12-18 18-24 24-UP TOTAL AVG SPD

MPH

N 0.33 0.23 0.52 0.1V 0.00 U.JO 4.84 1.93

NNE 0.14 0.23 0.0* 0.05 0.00 0.00 0.52 5.V4

NE 0.28 0.14 0.00 0.00 0.00 0.00 0.42 2.71

ENE 0.14 0.14 0.00 0.00 0.00 O.'JO 0.33 2.50

E 0.09 0.19 0.00 0.00 J.JJ J.JU J. 33 2.vd

ESE 0.33 0.19 0.00 0.00 0.J J U.JO O.Oo 2.4 7

SE 0.14 0.28 0.00 0.00 0.0J 0.00 0.47 3.74

SSE 0.23 0.33 J. 23 0.30 0.00 0.00 0.80 5.15

S 0.61 0.94 J. 09 0.23 0.23 0.19 2.44 cJ.<,9

SSW J. 38 1.50 2.35 2.11 0.61 0.19 7.28 1U.7C

SW J. 47 3.10 1.03 0.00 0.00 0.30 4.61 5.51

WSW 0.56 2.91 3.24 0.52 0.00 0.00 7.24 7.37

0.47 1.41 2.63 0.99 0.09 Q.^Q 5.64 B.62

WNW 0.61 1.69 0.52 0.2fc 0.09 0.09 3.29 6.o2

NW 0.56 1.03 0.2i 0.00 0.00 O.JO 1.93 4.29

NNW 0.23 0.42 0.56 0.09 0.00 0.00 1.36 7.19

TOTAL 5.69 14.76 11.61 4.46 1.08 0.47 42.15 0.87

AVG SPD 2.14 4.85 9.19 14.23 20.96 26.66 6.87 6.87

NUMBER OF CALM H0UHS - 87

NUMBER OF 11SSING HOURS - 76

NUMBER OF HOURS OF DATA - 2128
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Table 3.Percentage of occurrence of stability classes with associated wind

speeds for spring (March, April, May) 1975

Atmospheric Stability Classes

Station #1 RBOSP 11.00 5.92 5.97 29.37 42.15 5.5 .09

Grand Junction 18.7 17.50 31.36 32.97

Associated Wind Speeds

0 0 0

Station #1 RBOSP 10.00 9.26 9.68 9.60 6.87 7.63 5.09

Grand Junction 8.86 8.42 5.26 8.28 0 0 0

MODELING RESULTS

The x/Q estimates for distances from 0 to 10,000 meters from the

source using the long-term ground release model, based on the Grand

Junction data, are given in table 4. The corresponding x/Q estimates

using the C-a data are given in table 5. The high x/Q values for the south

direction for the C-a data set are primarily due to the 4.84 percent occur

rence of E stability with a north wind of 1.93 MPH. This is probably an

isolated occurrence and over a 1-year period the values to the south would

probably be similar to those in other directions.

The worst case x/Q estimates based on the Grand Junction data are

in some cases two orders of magnitude lower than that of worst case

values based on C-a data. It is also of interest to note that the highest

values of x/Q for Grand Junction data occur in the WNW direction and

the highest value for C-a data occurs in the NNE direction when the

anomaly to the south is disregarded. Thus, the application of the NWS

data at Grand Junction to the Piceance Creek Basin would probably not

give atmospheric dispersion estimates representative of those expected in

the Piceance Creek area.

As a final consideration of the differences in modeled x/Q values

determined at different sites, several site specific influences on the local

meteorology are introduced. Valleys and canyons, as contrasted with open

sites, have
several characteristics that can retard atmospheric dispersion.
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These include lower wind speeds, and limited depths through which to

mix atmospheric emissions. The sides of a valley or canyon limit horizontal

flow. Stable atmospheric conditions occur more frequently and persist

longer in valley regions. The physical characteristics and phenomena

which reduce diffusion rates include the following:

Valleys and canyons greater than 200 feet deep may restrict the

movement of air to only two
directions

up-valley and down-valley.

Synoptic-scale winds pass over the valley with only a portion of

their strength being diverted into the valley.

The bends or turns in a winding river valley present obstructions to

straight flow and reduce the speed of the wind.

At night the colder air along the sides of a valley drains downward

to the valley floor causing the air there to be cooler than the air

above it. The result is a pronounced temperature inversion.

In the morning the sides of the valley or canyon shield the floor

from the sun's rays longer than over flat terrain, thus maintaining
the inversion for a longer period. In addition, the cooler tempera

tures within a valley result in higher relative humidities. As a con

sequence, fogs and water plumes do not dissipate as quickly as in

warmer, more exposed areas. Their persistence can prevent solar

radiation from penetrating to the valley floor to break up tempera

ture inversions.



METEOROLOGICAL DISPERSION POTENTIAL

IN THE

PICEANCE CREEK BASIN

Roger Nelson

INTRODUCTION

The purpose of this paper is to clarify the confusing picture of the

meteorological dispersion characteristics of the Piceance Creek Basin in

northwestern Colorado using data actually collected throughout the basin

itself. Although extensive theorization of the diffusion potential in the

Piceance Creek area has been made, it has primarily been founded on a

relatively small data base. Almost all of the diffusion modeling for long-

term averages done for the region to date has been based on a synthesized

stability-wind rose using Grand Junction stability data in conjunction

with wind data taken in the Piceance Creek Basin. Although the most

appropriate technique when basin-stability data were not available, it is

not characteristic of the true picture in the basin itself. The local terrain,
in conjunction with the gradient winds, generate relatively unique phe

nomena not present at Grand Junction.

The data reported here have all been collected by EG&G, Environ

mental Consultants for three different programs over the last 5 years. The

first of these began in July 1970, with 23 months of data acquisition

through May 1972 for the Rio Blanco gas stimulation project. The perti

nent data consisted of four monitoring stations measuring wind speed and

direction on a continuous basis. One of the stations was situated on the

plateau area and the remaining three were at various points within the

valleys below the plateau region. The second program involved an in

tensive 15-day period each season from fall, 1974 through summer, 1975,

where vertical temperature soundings were made from elevations about

100 feet above the surface in the valleys to 13,000 feet above MSL. In

addition, pilot balloons were released four times per day during the same

interval and visually tracked to determine the wind structure to an altitude

of 13,000 feet above MSL. This work was supported by the Rio Blanco

Oil Shale Project and the C-b Shale Oil Project concurrently. The third

Roger Nelson, atmospheric physicist, EG&G, Environmental Consultants, Denver, Colo.
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program, performed solely for the Rio Blanco Oil Shale Project, consists

of an ongoing meteorological and air quality baseline data monitoring

study using four
stationstwo upon the plateau regions and two within the

valleys. This program has been operational since February 1975.

DESCRIPTION OF THE PICEANCE BASIN

For a more complete understanding of the meteorological dispersion

potential of the region, a thorough understanding of the topography and

climatology of the area is needed. A satellite photograph of the greater

portion of the basin is shown in figure 1. The Piceance Creek Basin is

situated between the Colorado and White Rivers on the western slope of

the Rocky Mountains, at an average elevation of about 7,000 feet. Immedi

ately to the east of the basin is a region reaching to more than 11,000 feet

in elevation, the so-called "Flat
Tops"

out of which the White River drains.

To the southeast lies a large high massif which drains to the Colorado

River and its tributaries. The Piceance Creek itself drains into the White

River. To the west of the region are Cathedral Bluffs which are relatively

steep on their west side. Their eastern side is primarily the basin itself,

characterized by a series of shallow NNE draining valleys. Elevations in

the southeastern portion of the Piceance watershed reach 8,000 to 9,000

feet and the confluence of the Piceance Creek and White River is at 5,800

feet above MSL. To the north of the White River are ridges and hills to

7,000 feet. Throughout the basin, there are many cuts leading to the

Piceance.

The long range climate of the basin is similar to that of semi-arid

steppe regions. Annual precipitation in the area is about 10 to 12 inches,
but is strongly dependent upon local topography and elevation. Because

the entire Piceance area is surrounded by high mountains, many migratory

low pressure systems are deflected around the region. Stagnant high pres

sure cells often persist for several days, their passage blocked by the high

mountains to the east. This causes the frequency of clear sunny days with

light winds and large diurnal temperature changes to be high. Ambient

temperatures are moderate during the spring, summer and fall seasons with

the wintertime minimums relatively intense.

The gradient winds are prevailing westerlies which exist year round

and are interrupted only by the passage of frontal systems. Because of the

orientation of Cathedral Bluffs with respect to the gradient winds, a shield

ing effect exists for most of the basin to the northeast of the 2,000 foot

abutment. Relatively undisturbed flow from 6,500 to 8,500 feet above

MSL from the southwestern quadrant is forced to rise over Cathedral Bluffs

before passing over the Piceance Basin. For flows with a more southerly

component, the same effect occurs when winds are forced to rise up over
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Figure l.-View of Piceance Creek Basin from Skylab-2 (NASA JSC-SL 2-RL-17,
taken June 17, 1973. )

the Bookcliffs (along the Colorado River) before passing over the Roan

Plateau and ultimately the Piceance Basin. Another topographically sig

nificant effect is the overall gentle downslope of the basin to the northeast

quadrant.

This combination of topography and gradient flow influences the

winds over the basin in two ways significant to its dispersion potential.
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The first of these is the enhancement of mechanically generated turbulence,

along the top (or plateau levels) of the basin itself. Due to the increased

wind speed as the flow is forced up and over the edge, turbulent eddies

will be generated with a characteristic size of the order of 2,000 feet.

Mechanical turbulence due to eddies this large will probably not decay to

values existing before the flow interruption for at least 10 to 20 kilometers

downwind. The second dispersion related effect is due, in most part, to

the downslope of the basin with increasing downwind distance. This, in

effect, should generate a shielding phenomena making the gradient wind

influence upon surface winds (especially winds within the valleys) mini

mal. Data substantiating these remarks are presented in the next section.

METEOROLOGICAL DISPERSION

To determine the degree to which the foregoing discussion was repre

sentative, data were compiled from the three previously mentioned pro

grams and analyzed in light of the above consideration. The locations of

all of the wind monitoring stations used in this study with respect to the

orientations of the topographic influences to the wind flows are shown in

figure 2.

Stations labeled RBI through RB4 were part of the monitoring pro

gram done for the Rio Blanco gas stimulation project, and stations labeled

CA1 through CA4 are part of the baseline data collection program being
conducted for the Rio Blanco Oil Shale Project. Outlines of the federal oil

shale Tracts C-a and C-b are included for reference. The temperature and

wind soundings were performed over these federal oil shale tracts. RBI

was situated on a ridge at about 8,300 feet MSL at the Cathedral Bluffs

abutment, well exposed to the influence of the gradient winds as they were

forced up over the cliffs. RB2 was located in the approximate center of

Fawn Creek at an elevation of about 6,800 feet MSL. The ridges to either

side of the valley were about 300 feet higher. RB3 was situated to the left

side in Piceance Creek itself, and RB4 was positioned at the confluence of

the White River and Piceance Creek. CA1 and CA2 are both in relatively

flat terrain at about 7,400 feet MSL atop two of the many ridges which

run northeast; both are about 6 km from Cathedral Bluffs to the west-

southwest. CA3 is in the center of Corral Gulch at an elevation of about

6,600 feet MSL. CA4 is slightly to the right side of Yellow Creek Gulch at

about 6,300 feet MSL. Data taken from the RB stations were measured

at 3 meters above the surface, and data from the CA stations were measured

at 10 meters.

Although data were available from all seasons, only the summer season

data are presented here. The remaining seasons all show similar patterns

with no exceptions. Wind rose plots of the flow data measured at all four
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Figure 2.Map of Piceance Basin showing location of wind monitoring stations with

respect to major topographic wind influences.

RB stations over the course of two summers of data are presented in

figures 3 and 3a. The data have been broken down by time of day at

which they were measured into eight 3-hour windows. The length of each
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radial arm represents the frequency for which winds from that particular

sector occurred. Additional information can be read from the plots by

noting the width of each radial arm which is related to the associated

wind speed for that direction sector. The 3-hour daily time segments begin
with 0200, 0500, 0800, 1100, 1400, 1700, 2000, and 2300 hours, respective

ly. The number at the center of each wind rose indicates the percentage

of calms measured in that period.

Station RBI was evidently controlled nearly completely by the upper

level gradient flows. No strong diurnal drainage or up-valley flow regimes

were apparent. The flow pattern for RB2 was particularly well defined.

For the first two daytime periods, some up-valley flow can be seen to the

SSW sector. By the 1700-1900 MST time period, flow to the NNE sector

increased due to the onset of the down-valley flow, and by the next period,
flows from all other directions nearly disappeared. This regime dominates

throughout the night but by 0500-0700 MST, some up-valley flows have

again started. Over 70 percent of the observations during nighttime hours

were to the NNE sector. Station RB3, which was in the main Piceance

Creek drainage just down-valley from its intersection with Black Sulfur

Creek, exhibited another well-defined case of mountain-valley circulation.

During the daylight time groups there was a distinct up-valley component

to the SSE sector.

As is to be expected in any statistical analysis, there was also a sig

nificant flow down-valley to the NNE and NNW sectors during the same

time interval due to the forcing gradient flow. By 1700-1900 MST, the

down-valley circulation to the NNW increased slightly, probably due to

some of the surface slopes becoming shaded. From 2000-0600 MST, the

flows were exclusively down-valley, and by 0800 MST, the up-valley flow

was again in evidence. At station RB4, which is in the main White River

drainage, up-valley flow to the ESE is dominant during the daylight hours,
and drainage to the west is dominant at night. The relationships at RB4

are, however, much more complicated due to a variety of factors. A few

of these include a greater degree of topographic complexity and the in

fluence of drainage into and out of the Piceance Creek which is oriented

perpendicular to the flow in the White River.

Similar plots of wind speed and direction occurrence for the four CA

stations during the summer of 1975 are shown in figure 4. These wind

roses are not categorized by time of day but show identical behavior to

the RB data when analyzed in this manner. These four seasonal wind

roses are only presented to further exemplify the extremely apparent up-

valley/down-valley circulations present within the canyons in the Piceance

Creek Basin. CA1 and CA2, situated above the valleys on ridges, show no

evidence of channeling and are very similar to the patterns measured by
RBI although both have slightly lower wind speed. The lower wind speeds

at CA1 and CA2 with respect to RBI is further evidence of the shielding
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effect of the bluffs. CA3 and CA4, located within the valleys, exhibit

very apparent density drainage flows along their respective channels. Data

from other seasons agree well with the summer data shown.
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The data presented here have shown conclusively that local condi

tions within the Piceance Creek Basin have a much more pronounced effect

than the synoptic scale forces. The specific air movements produced by
local conditions are often completely different than those one would expect

to be caused by the major gradient flow. In general there is a tendency
for wind velocities to be lowest about dawn, at which time there is little

vertical thermal mixing and the lower surface air does not couple with the

more freely moving upper air. Conversely, velocities of local winds are

greatest between 1300 and 1400 hours local time when the air exhibits its

greatest tendency to move vertically due to terrestrial heating, and couples

with the faster air moving above it. This is especially the case when the

Bluffs'

shielding phenomena is considered. In the absence of strong gradient

winds, the local terrain produces special meteorological conditions of its

own. During warm afternoons, the laterally constricted, but vertically

expanded air tends to blow up the valley axis. This flow probably develops

simultaneously with anabatic (upslope) winds which result from a greater

heating of the valley side with respect to the valley floor. At night, there

is a reverse process, as the colder, denser air at higher elevations drains

into the depressions and valleys. The greater radiative heat loss affecting
the higher elevations (especially if they are snow covered) cools the air

immediately adjacent to the surface and this sinks into the valley. Down

ward movements of cold air set in motion by this effect form downslope

winds leading to an accumulation of cold, dense, stable air in the valley

bottom. A detailed drawing of an idealized mountain-valley circulation

is shown in figure 5.

The foregoing considerations lead to the conclusion that due to the

shielding effect by the Bluffs of the gradient winds upon the Piceance

Basin, the air a short distance above the surface of the plateau-like regions

should be significantly more unstable (due to mechanically generated

turbulence) than the air which is protected within the canyons and valleys

below. This conclusion is substantiated by the results of the upper air

temperature soundings made from near the bottoms of the canyon floors

to 13,000 feet above MSL. The large volume of sounding data accumu

lated precludes its total inclusion into this paper, however, a representative
plot of temperature versus heights over federal oil shale Tract C-a during
the summer of 1975 is presented in figure 6. These soundings were made

on July 14 at the times (MST) indicated in the upper right-hand corner

of the plot. The plateau level over which the soundings were made is

approximately 7,400 feet above MSL. Typical of almost all sets of sound

ings throughout the year, the temperature structure showed the classical

morning inversion and its subsequent breakup by late morning. Below

the plateau level of about 7,400 feet, the inversion intensity was much

more pronounced than above. In fact, for this particular day, the inversion
could not realistically be said to exist above the plateau, although in some
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(B) 0900

(C) NOON & EARLY

AFTERNOON

(0) LATE AFTERNOON

<E> EVENING (F) EARLY NIGHT

(G) MIDDLE NIGHT (H) LATE NIGHT

Mountain and valley winds (from Defant 1951). A. Sunrise.

Valley cold, plains warm. B. Forenoon (0900 hrs). Valley

temperature same as plains. C. Noon and early afternoon.

Valley warmer than plains. D. Late afternoon. Valley

continues warmer than plains. E. Evening. Valley only

slightly warmer than plains. F. Early night. Valley tem

perature same as plains. G. Middle of night. Valley colder

than plains. H. Late night. Valley much colder than plains.

Note: Cases B and F show only slope winds.

Case D illustrates a simple valley wind

and case H a simple mountain wind.

Figure 5.Idealized mountain-valley wind circulation.

cases, the inversion reaches up
to 1,000 feet higher. By 0800 MST, only a

hint of the former inversion remained and this structure was only evident

within the first several hundred feet of the surface of the valley floor.
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Inversions in the early morning (especially within the valleys) and

their dissipation over the plateau regions by 0800 MST, and within the

valleys themselves by 1100 MST, are the rule rather than the exception

throughout the year. On days associated with precipitation or frontal

system passage, inversions seldom occur. Typical statistics compiled over

the four seasons of upper air data are shown in table 1.

Because of the vertical bouyant mixing during the day in valleys with

broad floors and less pronounced topography, the local wind system is

probably often obscured and cannot be distinguished from the gradient

flow. At night, all valleys show local downslope circulations dominating
the valley wind direction, as a result of inversions inhibiting the vertical

transport of horizontal momentum from the upper layers of air over the

plateau regions to the lower layers within the valleys. Transport through

these inversions is nonexistent. These inversions are usually dissipated by

midmoming due to surface heating, and only under extreme conditions do

they persist past noon. Inversion persistence throughout the day has never

been observed.

A major influence on the formation and persistence of these inversions

is the amount and albedo of any snow cover during the winter. During the

day, most of the incoming short-wave solar radiation is reflected; at night,

the snow, which is a good radiator (but a poor conductor) of long-wave

heat radiation, allows little heat to flow up from the ground below to re

plenish that lost by radiation. Inversion intensities are greatest in the

winter.

CONCLUSIONS

The relatively unique topographical features in relation to the gradient

wind flows result in a shielding effect which slightly raises the degree of

mechanical turbulence in the areas above the plateau regions but probably

decreases that present in the valleys, thus making thermally generated

turbulence more dominant below. For this reason, inversion formation

and dissipation within the valleys follow extremely predictable diurnal

patterns. The depth of these inversions varies widely but seldom reaches

more than 300 meters above the surface of the plateau regions and often

is wholly contained within the valleys themselves.

This formation and dissipation of inversions so well defined may lead

to serious pollution problems if large pollutant releases are made within

the valleys. In this case, fumigation may occur. During the night, plumes

released into the valleys from all sources should move down their respective

valleys remaining aloft in a nearly uniform layer. Where valleys intersect,

the plumes should also merge. After sunrise, the surface based inversion

will begin to dissipate from the surface up. As the inversion is slowly
dis-
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sipated and the lower level mixed layer reaches the polluted layer, fumiga

tion will continue until the inversion is completely destroyed. Location of

all plume release points upon the plateau regions will greatly minimize

the fumigation effect, if not alleviate it completely. Due to the enhanced

mechanical turbulence a short distance above the surface of the plateau

regions, plumes released from stacks 300 to 400 feet tall with a plume rise

of about another 300 to 400 feet should very seldom produce a severe

fumigation effect. Overall, the dispersion potential of the basin itself is

good when releases are made into the air above the plateau-like regions,

and relatively poor for releases made into the valleys, although trapping

inversions should seldom persist throughout a 24-hour period.



 



OVERVIEW: ENVIRONMENTAL BASELINE

MONITORING PROGRAM, TRACTS U-a AND U-b

Douglas Ross

INTRODUCTION

In 1974, the U.S. Department of Interior initiated the federal oil shale

prototype leasing program. Under the program, four tracts of land have

been leased to private developers, two in Colorado and two in Utah.

Tract U-a was leased by Phillips Petroleum Company and Sun Oil Com

pany and Tract U-b was leased by the White River Shale Oil Corporation

(a joint venture of Phillips Petroleum, Sun Oil and SOHIO Petroleum)
in May and June 1974. A joint operating group, designated as the "White

River Shale
Project,"

was formed to develop the two contiguous lease

tracts, which contain a total of 10,240 acres of land. In accordance with

the oil shale lease environmental stipulations, an environmental baseline

study was required, along with a Detailed Development Plan and an

environmental assessment of the Detailed Development Plan. To meet

these objectives, VTN Colorado was retained to conduct a 2-year baseline

data collection and monitoring program. The proposed study program was

submitted to the Area Oil Shale Supervisor on July 1, 1974, followed by
a geologic exploration program supplemented in late August. The Area

Oil Shale Supervisor is responsible for approving and coordinating all

elements of the leasing program on all four tracts. Various elements of the

program were approved from late August through November 1974, and

all elements of the program were operational by December.

Several subcontractors were retained to assist with various parts of

the program. The White River Shale Project established an office in

Vernal, Utah and field facilities and a laboratory were set up by VTN near

Bonanza, just north of the lease tracts.

To implement the monitoring portion of the program, 12 air quality

and meteorological stations, 14 surface water stations, and 33 ground water

monitoring wells were installed. Six aquatic biological sampling stations,

420 vegetation plots, and 12 walking transects to record wildlife were also

established on the site. A telemetry program records the movement of

Douglas Ross, VTN Colorado, Inc., Denver, Colorado.
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large mammals. Historic, archaeologic, and paleontologic inventories were

conducted and reseeding experiments are underway at drill sites. In addi

tion to continuous monitoring of some elements such as air quality, periodic

monitoring is conducted on a bimonthly basis for other parameters, such as

biological resources.

RESULTS

Land Resources

The land resources program has three elements: physiography, soils,

and geology.

Physiography

The physiography of the tracts was mapped using color aerial pho

tography. Two planning maps have been prepareda slope gradient map

and a drainage basin relief map. The slope map will be used to plan the

location of roads and the retort facilities to identify hazards. The relief

map will be useful in determining the magnitude of impact on drainage

basins and topography.

Findings. There are two landforms in the Basin, the Green River and

Uinta Formations. The Green River Formation is the shale-bearing forma

tion occurring on the lease tracts. The Uinta Formation is sandstone cap

rock, which is exposed over 80 percent of the site. The Green River For

mation is exposed primarily along Evacuation Creek.

Soils

A detailed soils survey was conducted by Utah State University as

part of the baseline program. Two major soil types were identified, and

a soils map was prepared. This map will be useful to locate sources of

cover soil suitable for reclamation.

Results. The soils are thin, delicate, and subject to erosion. The

alluvial deposits in the river beds and dry washes are the most suitable for

soil formation.

Geology

An extensive exploration program was conducted to identify the

geologic structure underlying the lease tracts. This involved drilling, log-
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ging, and surface geologic mapping of all exposed formations. The Quater

nary deposits (alluvium) were also mapped. Geologic cross sections and

bedding orientation maps were prepared to show the strike and dip of

the formations across the tracts. Stratigraphic columns were developed for

both formations and the mining zone together with descriptions of the

physical characteristics of the rock strata.

Findings. The geologic investigations gave us a good idea of the loca

tion and dimensions of the two formations, the mining zone and aquifer

locations. The subsurface orientation corresponds consistently with the

surface and the basic geologic structure is noncomplex. The productive

mining zone is approximately 31 meters thick and lies within the Parachute

Member of the Green River Formation about 120 meters below the top of

the formation (which varies in depth over the site ) .

One of the most significant findings was the presence of two major

networks of fractures throughout the area. There is one series of major

northwest-trending fractures and a second series of smaller fractures run

ning northeast through the site. The presence of these fractures is critical

in the evaluation of mine stability and seepage. The fractures were prob

ably caused by the uplift of the Colorado Plateau since the tracts are

located on its northeastern edge.

Am Resources

The air resources program measures ambient air quality, meteorology,

radiation, sound levels, and visibility. The air resources studies have been

subcontracted to AeroVironment, Inc., of Pasadena, California. Three of

the air stations on the tracts are comprehensive air quality stations and two

are comprehensive meteorological stations with 30-meter meteorological

towers.

Results

The air at the site is considered relatively clean, although high ozone

readings and nonmethane hydrocarbons in excess of federal ambient stan

dards have been recorded. The high ozone levels are caused by concentra

tions of stratispheric ozone which is forced down to the surface by the

presence of the nearby high Uinta Mountain Range. The excessive hydro

carbon levels are attributed to the natural emissions of organic compounds

from sagebrush. These excesses are occurring in rural areas lacking man-

made sources throughout the United States. The levels of most other pol

lutants being monitored are very low, most frequently at the threshold

limits of detection of the instruments used to monitor them.
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Water Resources

Ground water and surface water resources of Tracts U-a and U-b are

monitored as part of the environmental baseline study. Sample analysis

and lab testing are being performed by the U.S. Geological Survey in Salt

Lake City. Ground water levels are measured monthly and moisture is

monitored in 15 holes in selected locations in order to determine potential

leachate migration. Water quality is monitored monthly, quarterly, and

semi-annually.

Results

At a depth of 120 meters below the mining zone to the surface, a single

aquifer (called the Bird's Nest Aquifer) has been discovered. The aquifer

has a combination of solution and fracture permeability. The water quality

of the aquifer does not meet U.S. Public Health Service standards and it

is not used for irrigation purposes. The aquifer is full to capacity and dis

charges to the White River and some of its tributaries.

The flow in the White River varies in time from base flow, which

occurs from fall to early spring, to high flow, which occurs from late spring

to summer. Flows of greater than 4,000 cubic feet per second result from

snowmelt in the mountains, and carry about 300 mg/1 of dissolved solids

but more than 1,500 mg/1 of sediment. During base flow, which is about

400 cfs, the stream shows dissolved solids of 580 mg/1 and sediment of

about 200 mg/1 because discharge is primarily from ground water reservoirs.

Evacuation Creek, which is appropriately named for the effect it has

on anyone who drinks the water, has very little flow except for short

periods during snowmelt or rainfall. The base flow of the creek of less

than 1 cfs is supported basically from the Bird's Nest aquifer and is very

high in dissolved solids, about 3,900 mg/1.

Biological Resources

The biological resources program is divided into studies of vegetation,

wildlife, and aquatic biology. Utah State University Foundation has been

subcontracted to do the vegetation studies and the Utah State Division of

Wildlife Resources is assising in the wildlife and aquatic biology portions

of the program.

Findings

There are four vegetation types on the tractsriparian, greasewood-

sagebrush, saltbush-sagebrush, and juniper-sagebrush.

The wildlife monitoring program includes sampling of large and small
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mammals, birds, reptiles, and amphibians. Reptiles and rodents are the

most numerous. The only big game found on the tracts are mule deer. A

number of small mammal species inhabit the area. Amphibians are re

stricted to riparian areas.

The aquatic biology program is concentrating on aquatic macrophytes,

periphyton, macroinvertebrates, and fish. The White River is the most im

portant aquatic habitat in the area.

Fifty-nine bird species have been sighted on the tracts but the only

threatened or endangered species sighted was a single peregrine falcon,
which does not nest in the study area. Several species of threatened fish

could occur, but none has been found.

Historic and Scientific Resources

Subcontractors

Historic and scientific resource investigations were conducted under

federal and state antiquities laws using current professional standards. The

principal investigator of historical and archaeological resources was David

B. Madsen of the Utah Historical Society. Wade E. Miller of Brigham

Young University was the principal investigator for the paleontological

resources.

The historical investigation identified only one major site on or near

the tracts. This site is the Ignacio Stage Station on the White River. The

station was one of several stage stops built along the Uintah Railway toll

road, which connected the rail line to Vernal. This site has been nominated

for inclusion on the National Register of Historic Sites.

There were 32 prehistoric sites inventoried, and 25 of these are within

one-half mile of the White River. The sites are classed as either open sites

or rock shelters. The poor surface conditions of the sites make it difficult

to establish their significance, but it is expected that they can yield im

portant information on the Uinta Basin and adjacent areas.

The most significant fossils found on the tracts were insects. Leaf

material, some petrified wood, insects, and fish were found in the Green

River Formation, and additional petrified wood, turtle, crocodile, and

mammal specimens were found in the Uinta Formation. Some of these

fossils are considered scientifically important because they enable inter

pretations to be made of past environmental conditions.

SUMMARY

The baseline research discussed reflects a 9- to 12-month effort, de

pending on the discipline. Monitoring and data collection efforts will con-



244 Quarterly of the Colorado School of Mines

tinue for the remainder of the 2-year program. The findings from the first

years studies will be published in an annual baseline report in early 1976.

A final baseline report will be published in early 1977. Copies of these

reports will be on file with the Area Oil Shale Supervisor.
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