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A Methodology for Post-EIS
(Environmental Impact Statement)
Monitoring

By Linda Graves Marcus

ABSTRACT

A methodology for monitoring the impacts pre-
dicted in environmental impact statements (EIS’s) was
developed using the EIS on phosphate development in
southeastern Idaho as a case study. A monitoring sys-
tem based on this methodology: (1) coordinates a com-
prehensive, intergovernmental monitoring effort; (2)
documents the major impacts that result, thereby im-
proving the accuracy of impact predictions in future
EIS’s; (3) helps agencies control impacts by warning
them when critical impact levels are reached and by
providing feedback on the success of mitigating meas-
ures; and (4) limits monitoring data to the essential
information that agencies need to carry out their regu-
latory and environmental protection responsibilities.
The methodology is presented as flow charts accom-
panied by tables that describe the objectives, tasks,
and products for each work element in the flow chart.

INTRODUCTION

This report describes a methodology for
monitoring the impacts predicted in environ-
mental impact statements (EIS’s). Environ-
mental impact statements describe the impacts
anticipated from major Federal actions,' but
provision generally is not made as a part of the
NEPA process to determine if the predicted
impacts are accurately assessed or if unantici-
pated impacts occur. This report sets forth a
strategy for monitoring impacts caused by
major Federal actions as a means of verifying
and improving the accuracy of EIS predictions
and for controlling levels of impact.

1 As defined by NEPA (National Environmental Policy Act
of 1969), any Federal action that will significantly impact the
human environment. Types of “actions’” described in the act are
described in the “Code of Federal Regulations” (Office of the
Federal Register, 1977).

Monitoring is not presently provided for or
explicitly required under NEPA. However, sec-
tion 101.6 of the act states that “it is the con-
tinuing responsibility of the Federal Govern-
ment to use all practical means * * * to co-
ordinate Federal plans, functions, programs,
and resources to the end that the nation may
* % * Agsure for all Americans safe, healthful,
productive, and esthetically and culturally
pleasing surroundings.” Further, a memoran-

“dum from the Assistant Solicitor—Minerals to

the Director of the U.S. Geological Survey
(July 10, 1975) indicated that several statutes
(including NEPA), regulations, and executive
orders implicitly require environmental moni-
toring. However, a clear directive as to what
conditions or actions require environmental
monitoring does not exist.

In 1976 the Council on Environmental Quality
(CEQ), the agency responsible for carrying
out NEPA and setting guidelines for EIS
preparation, sponsored a ‘“sub-task force on
post-EIS ecological impact assessment and
monitoring.” The task force recommended the
following for inclusion in the CEQ environ-
mental impact statement guidelines:

Agencies which produce Environmental Impact
Statements must establish a continuing program of
post-EIS follow-up of ecological predictions for proj-
ects or programs within major EIS categories. Such
follow-up, or monitoring, will both insure that appro-
priate and practical adjustments will be made during
the life of the project and that insight gained can be
applied to improvement of future ecological predic-
tions. (Written commun., Kevin T. Mullen, December
1976.)



Kevin T. Mullen, then Executive Director of
the Federal Committee on Ecology, CEQ, indi-
cated a strong likelihood of this recommenda-
tion being implemented as a CEQ guideline
(oral commun., December 1976).

Post-EIS monitoring has not been imple-
mented for several reasons:

1. NEPA does not specifically require it, and
CEQ has not yet promulgated guidelines re-
quiring monitoring to fulfill the intent of
NEPA.

2. Agencies are concerned that monitoring
would require the diversion of funds and per-
sonnel from existing agency programs.

3. Institutional arrangements do not pres-
ently exist for implementing interagency, in-
tergovernmental monitoring which includes
both collection of monitoring data and control
of impacts.

VALUE OF POST-EIS MONITORING
IMPACT DOCUMENTATION

In many cases, Federal agencies preparing
environmental impact statements need docu-
mentation of the impacts that result from a
proposed Federal action to predict more ac-
curately the impacts associated with similar
Federal actions. For example, increased min-
eral resource development has resulted in the
preparation by the U.S. Geological Survey of a
number of EIS’s for mining and reclamation
plans. EIS’s prepared on future mineral re-
source development actions in the same geo-
graphic areas would greatly benefit from docu-
mentation of the impacts that actually re-
sulted from previous actions. Lease stipulations
to reduce impacts would also benefit from docu-
mentation of impact.

IMPACT WARNING

A monitoring system could warn agencies of
unanticipated adverse impacts or sudden
changes in impact trends and could provide im-
mediate warning whenever an impact indicator
approaches a critical level. Some possible ap-
proaches for defining critical levels could be de-
fined in terms of carrying capacity, threshold
levels, or regulation and enforcement standards.

IMPACT CONTROL

Agencies at all levels of government collec-
tively have substantial potential to control the
timing, location, and level of impacts. These

controls basically fall under the following cate-
gories: (1) decistonmaking—for example, de-
termination of what limits will be placed on the
activities causing the impact, establishment of
new fiscal policies, implementation of potential
mitigating measures, and management of en-
vironmental resources; (2) planning—for ex-
ample, planning development of community
infrastructures, planning the location and type
of land-use change, and planning for multiple-
use development of res wrces; and (3) regula-
tion and enforcement- -for example, enforce-
ment of the terms of :.aining and reclamation
plans, enforcement of air- and water-quality
standards, and development of impact redue-
tion or prevention regulations.

Agencies will require timely environmental
data obtained through monitoring to properly
control impacts.

In addition to providing individual agencies
with the necessary information for responding
to impacts, a cooperative, intergovernmental
monitoring system would facilitate the accom-
plishment of appropriate response measures.
“Whereas an individual agency may be some-
what limited in the range of its mandated re-
sponses to a given impact a comprehensive
monitoring program may increase the capacity
of appropriate agencies to respond to impacts
by alerting all concerned agencies to a problem
and summoning their collective prerogatives
to the problem(s) at hand” (Rockefeller
Foundation, 1976) . Many impacts affect several
different aspects of the environment and fall
under more than one governmental jurisdiction.
An intergovernmental monitoring system in-
creases the options available for reducing im-
pacts and encourages cooperative implementa-
tion of solutions.

EXISTING COMPREHENSIVE EIS
MONITORING SYSTEMS

Only a small number of comprehensive in-
terdisciplinary monitoring systems are known
to the author. These systems represent initia-
tives by a university research institute, by a
State legislature, and by a Federal regulatory
agency.

INSTITUTE FOR ENVIRONMENTAL STUDIES,
UNIVERSITY OF WISCONSIN

A study to monitor and document the impact
of a coal-fired electric power generating plant
has been conducted at the University of Wis-



consin since 1971. The objectives of the study
are: (1) documentation of the environmental,
economic, and social changes caused by the
construction and operation of the plant; (2)
accumulation of data and information to im-
prove decisions governing the location, con-
struction, and operation of such plants by en-
vironmental regulatory and protection agen-
cies; (8) designing and testing cost-effective
techniques for accurate impact assessment ; and
(4) testing the effectiveness of environmental
protection practices (Institute for Environ-
menal Studies, 1976, p. 14). Data collection
was begun prior to plant construction and has
continued on a regular basis. Results are stored
in a computerized data system for retrieval by
study groups. A major effort is underway to
integrate and generalize the results from in-
dividual research groups. Research results are
also being used to develop an impact prediction
capability and for developing powerplant siting
criteria.

NORTH DAKOTA REGIONAL ENVIRONMENTAL
ASSESSMENT PROGRAM (REAP)

REAP was funded by the North Dakota
Legislature in 1975 to provide data and
analyses for the legislature and other decision-
makers. The program has been provided $2
million from a special trust fund created from
the collection of coal severance taxes. The com-
puterized data base being developed by REAP
will contain environmental and socioeconomic
information for the State. Contemplated uses
of the system include monitoring. Monitoring
data will be used to identify trends resulting
from development activity, to verify impact
predictions, and to make decisions on future
resource development activities. Input for the
data base is provided by State agencies that are
already collecting data for their own program
needs. Or, if the data are not being collected,
responsibility for their collection is assigned to
agencies whose responsibilities are most closely
related to the data needed. REAP will assist the
agencies in obtaining necessary resources to
collect the data. REAP is also arranging for
access to Federal computerized data bases.

U.S. NUCLEAR REGULATORY COMMISSION

The U.S. Nuclear Regulatory Commission
requires industry to perform “environmental
surveillance” of each nuclear power station.

Monitoring requirements are set forth in the
technical specifications of the license. Data to
be collected are based on the impacts predicted
in the EIS. Baseline data acquisition is required
prior to plant construction.

The scope of data to be acquired is broad.
“The program should cover elements of the
ecosystem for which a causal relationship be-
tween plant operation and adverse change is
established or strongly suggested” (U.S. Nu-
clear Regulatory Commission, 1975, p. 7).

An interesting component of the monitoring
program is “report levels.” Report levels are
warning notices of impending unacceptable en-
vironmental stress. They are set at a level
above the normal fluctuations of a given param-
eter, but low enough to permit remedial action
to be taken before significant or irreversible
damage has occurred. Report levels are also
assessed against “limiting conditions” for op-
eration. Limiting conditions are conditions of
plant operation designed to prevent adverse
environmental impact. Corrective action to be
taken in case limiting conditions are exceeded
is specified. The report levels and limiting con-
ditions are mechanisms for triggering appro-
priate responses to environmental problems as
they develop.

There has been some criticism of the moni-
toring requirements by industry. The criticism
centers mainly on the amount of data that
must be collected, the cost, and the data’s utility
(pers. commun. with representative of the
Atomic Industrial Forum, January 1977). NRC
is taking steps to respond to these problems.
The amount of data collection required has
been reduced as greater understanding has de-
veloped as to which data are most useful as
impact indicators.

METHOD OF INVESTIGATION

The monitoring system described in this
report developed from a case study of the needs
for monitoring the impacts deseribed in the
“Final Environmental Impact Statement: De-
velopment of Phosphate Resources in South-
eastern Idaho” (U.S. Geological Survey, 1977).
This area was selected because future addi-
tional resource development and processing are
likely due to the growing need for phosphate
and the magnitude of the phosphate deposits
in the area and because sufficient lead time
existed for development of a monitoring sys-




tem prior to the anticipated expansion of phos-
phate activities. Also, many government agen-
cies in the area had already recognized a need
for monitoring data in order to carry out their
responsibilities in the control and mitigation of
impacts associated with phosphate develop-
ment,.

Two subprojects, the results of which are to
be published elsewhere, were conducted con-
currently with the case study to demonstrate
the applicability of remote-sensing techniques
for acquiring monitoring data. David M. Car-
neggie and Christopher S. Holm of the U.S.
Geological Survey investigated the use of sev-
eral analytical approaches for monitoring strip-
mining activities and resultant changes in
vegetation and wildlife habitat. Daniel B. Gal-
lagher of the U.S. Geological Survey demon-
strated the use of aerial photography for moni-
toring land-use change.

TO THE USERS OF THIS REPORT

The report is directed at environmental pro-
fessionals involved in EIS preparation and
Federal, State, and local agencies responsible
for dealing with the impacts that result from
Federal actions. The methodology in this report
for developing comprehensive post-EIS moni-
toring systems is without precedent and should
therefore be regarded as a preliminary effort.
The author hopes that this methodology will
encourage others to investigate the design and
operation of comprehensive monitoring sys-
tems and will benefit agencies interested in
developing such systems.
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IDAHO CASE STUDY
BACKGROUND : .

Phosphate has been mined in southeastern
Idaho since 1945. In 1974, 6.3 million short tons
(MMT) of phosphate rock were mined. If min-
ing plans submitted to the Secretary of the In-
terior are approved, production resulting from
proposed Federal lease actions and from the
operating mines on Federal lands could reach
15 MMT per year by 2000. This expansion of
mining would be accompanied by an increase in
the capacity of phosphate processing plants,
expansion of transportation and utility net-
works, and growth in population. As such ex-
pansion depends upon several major Federal
actions that would have a significant effect on
the natural and cultural environments of the
area, an environmental impact statement
(EIS) was prepared by a Federal interagency
task force. The EIS described significant im-
pacts that would result from an expansion of
phosphate mining and processing and the meas-
ures that could be taken to minimize or prevent
environmental degradation. These measures in-
clude special lease stipulations, management
practices, reclamation techniques, enforcement
of regulations, and planning for population
growth. Such measures will involve many pub-
lic agencies whose success in carrying out
protective measures will depend in part upon
the availability of information necessary for
decisionmaking, planning, and regulation en-
forcement.

MONITORING WORKSHOP

Recognizing the need for Federal, State, and
local agencies to contribute to the design and
inception of a comprehensive impact monitor-
ing program, the U.S. Geological Survey held a
workshop in Boise, Idaho, March 1976. The
State of Idaho was contacted and agreed to



participate in the workshop. Federal agencies
were invited to the workshop by the U.S. Geo-
logical Survey; State and local agencies were
invited by the State. '

PURPOSE

The purpose of the workshop was to design
an optimum monitoring system for measuring
the impact of phosphate development in south-
eastern Idaho. An optimum monitoring system
was defined as one in which data collection is
limited to the minimum number of essential
quantitative indicators that would enable
agencies to direct, control, mitigate, and/or
prevent impacts. This definition of an optimum
monitoring system contrasts with other moni-
toring systems that attempt to document all
environmental changes.

PARTICIPANTS

The workshop was co-led by Linda Marcus
of the U.S. Geological Survey and R. Kenneth
Stolz of the State’s Division of Budget, Policy
Planning, and Coordination. The U.S. Depart-
ment of the Interior, the U.S. Department of
Agriculture, the U.S. Environmental Protec-
tion Agency, the State of Idaho, and the
Southeast Idaho Council of Governments were
represented at the workshop.

APPROACH

Prior to the workshop a handout entitled
“Proposed Methodology for Monitoring Im-
pacts of Phosphate Development” was sent to
participants. This paper described the basic
assumptions for a monitoring system that the
U.S. Geological Survey believed to be desirable
and the steps that should be followed in the
development of a monitoring system. Included
were the assumptions that: (1) an optimum
monitoring system limits data collection to
the minimum number of data types that are

essential; (2) the frequency of data collection,
number of monitoring stations, and level of
detail or scale should be reduced to the most
economical and efficient system possible; and
(8) a data need should be justifiable on the
basis of its practical value to agencies in
decisionmaking, planning, and regulation and
enforcement.

The methodology to be tested at the work-
shop was limited to a procedure for designing
a monitoring system; it consisted of the
following steps:

Step 1.—Predict the potential impacts.
(This step was accomplished by the EIS task
force prior to the workshop.)

Step 2.—Define the objectives of the moni-
toring system.

Step 3.—Select key impacts that should be
monitored.

Step 4.—Determine data needs for each im-
pact to be monitored ; determine data needs for
measuring the activities causing the impact.

Step 5.—Determine data availability and
identify data gaps in existing data collection
efforts.

The steps were carried out primarily
through the use of worksheets and matrices.

RESULTS FROM THE WORKSHOP

STEP 1. PREDICTION OF IMPACTS

Most of the impacts likely to occur had
already been assessed by the interagency task
force prior to the workshop. Many agencies
represented at the workshop had been involved
in preparation or review of the predicted im-
pacts described in the draft EIS and, there-
fore, most participants were knowledgeable
of the impacts of increased phosphate develop-
ment. The impact(s) and activity(ies) caus-
ing the impact are identified for each environ-
mental parameter.

TABLE 1.—Summary of impacts predicted in the EIS

[Activity causing impact is given in parentheses when not known if activity will occur]

Environmental parameter

Impact

Activity causing impact

Geology and minerals

Mineral consumption and loss:
Consumption of 25-389 of
phosphate reserves in area;

Extraction of ore.
Backfilling or reclamation over
unmined resources.

consumption of other minerals.
Resources made unrecoverable or

recovery inhibited.

b




TABLE 1.—Summary of impacts predicted in the EIS—Continued

[Activity causing impact is given in parentheses when not known if activity will occur]

Environmental parameter

Impact

Activity causing impact

Land surface

Land surface disturbance.
Increased erosion.

Excavation of mine pit.

Waste dump storage.

Grading for roads, buildings, ete.

Reclamation.

Offsite housing construction,
roadbuilding, ete.

Soils

Soil loss and soil mixing.
Lowered soil productivity.
Localized soil contamination.

Removal of overburden, scalping
site.
Emissions from processing facilities.

Surface-water supply

Changes in water flow patterns such
as decreased infiltration and
increased overland flow, increased
velocities, increased erosion of
streambeds and banks, reduction
or increase in amount of flow.

Same as activities under “Land
surface,” plus:
Scalping site.
Construction of transportation
network.

Ground-water supply

Localized change in ground-water
recharge and discharge
relationships. :

Localized water level lowering.

Excavation of mine pit.

Backfilling.

Waste storage.

Water consumption for phosphate
processing.

Water quality

Increased sediment yield, especially
during spring runoff.

Chemical contamination.

Radiation release.

Eutrophication from increased
nitrogen and phosphorus levels.

Excavation of mine pit.
Backfilling or reclamation.
Scalping site.

Construction of roads and facilities.
Extraction of ore.

Processing of ore.

Extraction of ore.

Water use

Increased water consumption by

municipalities and industries.

Employment of workers/population
growth.

Phosphate processing.

(Hydroelectric energy production
expansion.)

Air quality

Chemical contaminants:
SO,, particulates, trace elements.
Fluorine, fluorosis in livestock.
Particulates (fugitive dust).
Radiation release.

Phosphate processing.

Emissions from settling ponds.

Extraction and hauling of ore,
waste dumps.

Vegetation Removal, disturbance of vegetation. Same as “Land surface.”
Change in vegetation. Revegetation/reclamation, land
Localized chemical contamination. surface disturbance, land-use
Fugitive dust deposited, reduction in change.
plant vigor. Same as “Air quality.”
Wildlife Loss of habitat, displacement. Mining activities, scalping site,

Decreased productivity.

Big game: disruption of migration
routes, loss or disturbance of
calving areas, and critical winter
habitat.

Increased roadkills.

railroad, and roadbuilding.
Excavation of mine pit and
resultant highwall.
Vehicular movement, transportation
of people and materials.

6



TABLE 1.—Summary of impacts predicted in the EIS—Continued

[Activity causing impact is given in parentheses when not known if activity will occur]

Environmental parameter

Impact

Activity causing impact

Threatened and endangered
species.

Peregrine falcon: abandonment of
existing nesting sites.

Whooping crane: loss of potential
habitat.

Mining activities: replacement of
habitat of prey species and
disturbance during nesting and
courtship periods in early spring
and late winter.

Mining and associated activities.

Fisheries __ Pollution of habitat by sediment, Mining activities.
toxic substances, and airborne Processing activities.
materials. Construction of transportation
Reduction of fishery populations. networks.
Land use Land-use change: Mining activities.

Increases in industrial, Processing activities.
transportation, utilities, Expansion of transportation and
residential, and commercial utility networks.
land uses. Employment of workers/population

Decreases in rangeland, growth.
agricultural land, natural
areas.

Increased barren lands and/or
reclaimed lands.

Socioeconomie ___________________ Population growth. Employment of workers for mining

Increased housing demand.

Increased demand for public
facilities and services.

Increased fiscal government costs.

and processing operations (and
induced population growth).

Transportation and

Increased traffic volume.

Transportation of people and

utilities. Accelerated deterioration of materials for mining and

roadways. processing.

Expansion of transportation and Employment of workers (and
utility networks. induced population growth).

Increased demand for power for
phosphate processing, for light
industry, for commercial growth,
and for residential growth.

Recreation Reduced quality of outdoor Mining and processing activities.

recreation: dust, odor, smoke,
noise, air pollution, visual
degradation, land surface
disturbance, and loss of wildlife
habitat.

Increased demand and decreased
opportunity for outdoor
recreation experiences.

Reduction in hunting and fishing
opportunity.

Greater access to remote areas, loss
of natural phenomena and
secluded character.

Transportation and utility networks.
Employment of workers (and
induced population growth).

Archeologic and
historic values.

Damage, destruction of petroglyphs.
Destruction of historic visual

character of cultural resources.
Increased vandalism.

Excavation of mine pit.

Construction of haul roads and
railroads.

Construction of processing plant.

Employment of workers. (and
induced population gtowth).




TABLE 1.—Summary of impacts predicted in the EIS—Continued

[Activity causing impact is given in parentheses when not known if activity will occur]

Environmental parameter Impact Activity causing impact

All mining and processing

activities.

Localized degradation and
alteration of visual character.

Degradation of clean air, clear
water.

Introduction of more industrial,
commercial, and urban elements.

Reduction in area of predominantly
rural or natural character.

Increase in area of disturbed or
barren land.

Aesthetic values

STEP 2. MONITORING OBJECTIVES monitoring information would help them make,
how it would help them plan, what regulation
it woud help them enforce). Agency representa-

tives presented this information at the work-

Participants were asked to complete a work-
sheet prior to the workshop which asked for
the following information: (1) a description

of the agency’s areas of concern that pertain
to phosphate operations; (2) their objectives
for monitoring (what a monitoring program
should provide) ; and (3) the use and value
of monitoring information (what decisions

shop. Table 2 is an example of a monitoring
objectives worksheet. (The complete set of
worksheets may be obtained from: U.S. Geo-
logical Survey, 760 National Center, Reston,
VA 22092.)

TABLE 2. Example of a monitoring objectives worksheet

[The source of information is given in parentheses below the agéncy name. Data in the last column were given in response to
the question, “How would your agency use monitoring information ?” D=decisionmaking; P=planning; R=regulation and en-

forcement ; O=other, specify]

Agency Areas of concern Objectives Use and value
U.S. Department Erosion and sedimentation prob- Identify land-use changes asso- P. Information would be furnished
of Agriculture, lems and vegetative restoration ciated with increased mining ac- to local conservation districts
Soil Conservation of strip-mined areas and spoils. tivity. and county/city planning and

Identify active erosion and sedi-
mentation areas.
Identify deterioration of vegetation.

zoning agencies. Assist local
landowners with plans to con-
trol soil erosion and sedimen-
tation.

Service. Land use changes industrial and
urban-related to mining activities.
Environmental All " activities which have direct
Protection and/or indirect impacts on air
Agency. and water quality, solid wastes,
radiation, and applicable regu-

lations.

Provide a good baseline on the
present activities (conditions?)
prior to further expansions.

D. Whether to allow phosphate fer-
tilizer processing plant to be
constructed pursuant to sig-
nificant air quality deteriora-
tion regulations; sewer treat-
ment plant expansions.

P. Water (industrial) discharge
permits.

R. Significant air quality deteriora-
tion; ambient air quality
standards; State water qual.
ity and air regulations.

. U.S. Geological Supervision of mining operations

Survey, on Federal mineral leases, includ-
Conservation ing review and approval of min-
Division, . ing operations to insure safe

Pocatello, Idaho. and efficient operations, protec-
tion of the environment, maxi-
mum efficient recovery of the
phosphate resource, compliance
with all applicable laws and
regulations, and correct royalty
payments to the United States
or Indian lessors.

Provide information which could
enable the mining supervisor’s
office to better manage and super-
vise mining operations on Fed-
eral land. Provide baseline en-
vironmental studies to evaluate
impacts at a future date.

Compare the level of impact that
results with different methods of
dump construction and reseeding
techniques.

Determine the extent to which
different conditions reduce non-
point pollution sources.

Determine long-term impact on
water resources from nutrient
loading, suspended sediment,
radioactive contaminants, and
heavy metals.

D. Evaluating impacts of proposed
mining operations.

R. 30 CFR 231, 48 CFR 23 (Code
of Federal Regulations).

O. Supervising mineral lease de-
velopments.

8



Several monitoring objectives were defined.
Although differences of opinion were evident,
the following primary objectives were sup-
ported by most of the participants.

Baseline data.—At least eight agencies iden-
tified acquisition of baseline data as an objec-
tive of a monitoring system. It appears that
many agencies feel they are greatly hindered in
carrying out their responsibilities relating to
phosphate development by the lack of baseline
data. Baseline data in the context of a monitor-
ing system are collected prior to the start of
actions that cause the impacts. Baseline data
provide a historic record of environmental con-
ditions for comparison with impact levels.2

Control and management of impacts.—The
objective of responding to impacts as they oc-
cur, which is perhaps the most urgent need of a
monitoring system, was strongly emphasized.
Collectively, the agencies have considerable po-
tential to control or regulate the level of im-
pacts. However, agencies must obtain data that
support their decisionmaking and obtain feed-
back over time as to the success of their de-
cisions in order to further modify the impact
of current and future phosphate activities. A
monitoring program that provides feedback
when unfavorable environmental trends emerge
would allow agencies to develop appropriate re-
sponses before critical situations develop.

Warning of critical impact levels.—A prop-
erly designed system should indicate that a par-
ticular environmental parameter is approaching
a critical threshold. Impact levels should be
established that would trigger immediate noti-
fication of critical conditions.

Documentation of impacts.—The objective of
documenting actual impacts would have great
utility by creating a permanent record of the
magnitude and nature of the impacts of phos-
phate development. This knowledge would be
invaluable for improving prediction in future
EIS’s.

Model wverification.—Documentation of im-
pacts would provide the cause and effect data
for empirical verification or validation of vari-
ous predictive models of action/impact rela-
tionships.

STEP 3. IMPACTS SELECTED FOR MONITORING

Activity/impact matrices were used for con-
sidering the various impacts anticipated from

2 A quantitative or qualitative evaluation of an impact parameter.

increased phosphate production. It was in-
tended that participants would use the matrices
to identify which impacts should be monitored.
However, the matrix format proved to be ex-
cessively time consuming within the constraints
of a 2-day workshop and it was consequently
abandoned. Instead, a list of impacts that
should be considered for monitoring was gen-
erated by group discussion. Then, workshop
participants having similar concerns and re-
sponsibilities divided into work groups. Each
work group considered a set of impacts and
revised them. These same work groups then
generated the worksheets for steps 4 and 5.

STEP 4. DATA NEEDS

Each work group completed a data-needs
worksheet for each impact that the group felt
should be monitored. Table 3 is an example of a
data-needs worksheet. (The complete set of
worksheets may be obtained from the U.S.
Geological Survey.) The following information
was requested: (1) quantitative indicator suit-
able for measuring the impact; (2) alternative
indicators that may also be acceptable; (3)
recommended collection frequency of the data;
(4) minimum acceptable collection frequency ;
(5) recommended format, such as maps, tables,
text; (6) level of detail or accuracy; (7) loca-
tion(s) and geographic area where data should
be collected; (8) potential methods of collec-
tion; and (9) value or justification for collect-
ing the data.

STEP 5. DATA AVAILABILITY

Work groups filled out data-availability work-
sheets to determine if the data presently being
collected are acceptable for the monitoring
system in terms of frequency of collection.
Table 4 is an example of a data-availability
worksheet. (The complete set of worksheets
may be obtained from the U.S. Geological
Survey.)

It appears that many of the data needs could
be met within existing data-collection efforts.
Inadequacies occur primarily in the frequency
of collection and location or geographic area.
Generally, data-collection sites were not lo-
cated specifically to measure the impacts of
phosphate mining and processing. Likewise,
the frequency and timing of data collection may
not have been established to obtain data when
there is the greatest likelihood of phosphate-
related impacts occurring (for example, during




TABLE 8.—Example of compilation of data-needs worksheet

Collection
frequency Location Potential
Indicator (min. Level of and methods
(alternative acceptable detail, geographic of
Impact indicators) frequency) Format accuracy area collection Value?

1. Land Acreage Once per Map and *+5% and (Entire EIS 1. Air
surface disturbed year. table. std. map study photos
disturbance: and (Once per accuracy. area) land (reclama-

Topographic location : year.) surface tion
change. a. Roads disturbed probably
Moving b. Pits by needs
dirt. ¢. Dump phosphate to be
d. Plants exploration, monitored
e. Water- mining, on the
control processing, ground).
strue- and 2. Satellite
tures— expanded data,
ditches, pulati ny
dams, and other
ponds ? agencies
(Length of data.
disturb-
ance.)

2. Geology Tons of ore Monthly. Same as =+ 1 ton. All Company
and and % (Monthly.) company +19% hosphat producti
minerals : P205 or production producing reports

Nonre- % P plus report. areas and
newable other (leases interviews.
resource elements. and
consump- patented
tion. land).

8. Soils. 1. Acreage Annually. Maps and *+59. Areas Air photos
of soils (Once per tables. directly (large
disturbed 3-5 years.) disturbed scale) and
by ex- by mining surface
ploration, and mapping/
mining processing testing ;
and and company
processing, surrounding informa-
and by impacted tion. For
secondary areas, radiation—
natural scintillom-
erosion. eter.

2. Erosion
loss, ton
per acre—
on natural
soils and
“goils” (un-
consolidated
debris) of
dumps, ete. =

8. Trace
element
and
radioactive
concentra-
tions of
soil surface
near
processing
plants.

4. Acres re-
topsoiled
(acres
salvaged,
acres
spread).

1 AUTHOR’S NOTE : No information supplied by work groups.
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TABLE 4.—Example of compilation of data~availability worksheets

Impact Period Collection Method of
indicator collected Agency frequency Format Accuracy Location collection
Land 7-1976 U.S. Geo- Annually. Maps, tables, Unknown. All Federal Ground
surface logical narrative mineral surveys,
disturbance Survey. reports. leases. aircraft
acreage. photogra-
phy, annual
operations
report.
Alternatives:
satellite
and high-
altitude
aircraft
imagery.
Tons of 1916-76 U.S. Geo- Annually. Maps, tables, Variable. Federal Annual
phosphate logical narrative mineral operations
mined. Survey. reports. leases. report.
Acreage Not being collected
of soil
disturbance ;
erosion
loss;
trace
element
and
radioactive
concentra-
tions of
soil
surface
near
processing
plants;
acreage
retop-
soiled.
Vegetation 1975 Co-op Baseline. Maps, tables, 90% +, SE Idaho. Landsat
type project : summaries. 1-40 acre analysis,
Idaho, min. small and
National medium
Aeronautics scale
and Space aircraft
Admin., imagery
U.S. and
Geological ground
Survey, sampling.
U.S.
Forest
Service,
Pacific
NW Reg.
Comm.

a major storm or spring runoff). Some addi-
tional data need to be collected.

POST-WORKSHOP ANALYSES AND SYNTHESIS

The information generated at the workshop
represents a valuable first cut at designing a
monitoring system. Because the time available
at the workshop permitted only brief reporting
of the conclusions generated by the work groups,
it was necessary to synthesize this information
into a monitoring system after the workshop.
The synthesis was conducted primarily by the
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author with the aid of workshop participants
providing specific information and review of a
preliminary draft of this report. Information
supplied by participants after the workshop
included existing and proposed data-collection
efforts, relevant research, and existing inter-
agency institutional structures. This report in-
corporates review comments on the preliminary
draft.

The development of a monitoring system is
an iterative process. A postworkshop iteration
is presented that refines and integrates the
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[Key: O—major impact likely to occur; @—impact should be itored; *—r i in i t; ?—not known if impacts result]

al

Phases of mining activity

Exploration Construction Operation Decommissioning

Impacts

Haul ore and overburden
waste dumps, holding ponds

Grade and remove paved

surfaces

Build transportation and

utility nets

structure and equipment
Transport people and
materials

Storage: ore stockpiles,
surface, plant, water
Secure ponds and lakes

Transport people and
Revegetation: prepare

Reclamation: grade for
materials

Ship ore: trains,
revegetation
Employ workers
Unemployment

Drill, blast, remove
overburden and ore
conveyor

Exploratory drilling
Build access roads
Scalp site; erect
Employ workers
Beneficiation
Dewater

Phosphate consumption/loss

Land surface disturbance/soil loss

O
@)
O

Air quality:
Fugitive dust

&
@
@
&
[
@
o
*

Water quality:
Sediment yield increase ®

-3

Chemical contamination ®|?

Biological health reduction ® O

Ole
ol @
O
[
&

* Water supply reduction O

Increase in water use @ @

Radiation release

Wildlife:
Endangered species population loss B O

Roadkills and obstruction of migration O k)

Displacement of resident species O O

Aquatic:
Fishkills, reduced species diversity

e O

® O

e O

@O0 |O|l@ @ O
)

e

@)

Land use/land cover change O

Population growth

Fiscal government costs/revenues increase

Quality of life deterioration

Employment level changes

Transportation and utility networks expansion O |® &) @) '®, ® O

Archeologic site destruction =]
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TABLE 6.—A ctivity/impact matrixz: Processing phosphate ore
[Key : O—major impact likely to occur; @—impact should be monitored; ?—not known if impacts result]

Phases of processing activity

Construction Production

Excavate holding ponds

Transport workers and
Stockpile materials

Build plant and install
materials

equipment
Build utility networks
Build transportation

networks
Holding ponds

Employ workers

workers and materials

Employ workers
Transport

Processed phosphate

. Operate plant

Land surface disturbance/soil loss

@)
O
©)
©)

Air quality:
Fugitive dust O ?

Chemical contamination

0|0
® O

Water quality:
~Sediment yield increase @) O O . O O

Chemical contamination

Water use increase O O

Radiation release

® OO
® O
LK Jlell

Vegetation/soil contamination

Wildlife:
Roadkills and obstruction 2

Aquatic life:
Fishkills, reduced species diversity. &

Land use/land cover change O O O O @ &

Population growth

Fiscal government costs/revenues increase

Quality of life deterioration )
(housing, education, public safety, etec.)

Employment level changes

Transportation and utility networks expansion O O

O|0
|0

Energy demand increase

0|0




components of the monitoring system produced
thus far. Additional iterations to be developed
by the participating agencies are necessary
prior to implementation of the monitoring sys-
tem.

Three products were generated from the
workshop experience that illustrate the moni-
toring system: (1) an activity/impact matrix,
(2) a data-needs table, and (8) a generalized
activity /impact schedule.

ACTIVITY/IMPACT MATRICES

Although matrices were found to be cumber-
some workshop tools, revised matrices are used
because they concisely display the multiple re-
lationships of activities and impacts. The mat-
rices aid selection of the impacts that should
be monitored because all activities contributing
to a particular impact are identifiable, and,
likewise, all impacts resulting from a particu-
lar activity are easily identifiable. The matrix
is also a useful reference for eliminating over-
lap among impacts selected for monitoring and
for selecting alternative impacts to monitor in
those cases where collection of a particular
type of data is not feasible.

Activities and impacts are described for
phosphate mining and processing (tables 5 and
6). The activities are grouped by phases on the
activity axis. For example, mining activities
are grouped under exploration, construction,
operation, and decommissioning phases. This
grouping is useful for establishing a general
time frame. Impacts are specifically identified
on the impact axis. Selection of impacts to be
monitored is done by circling impacts (@ is
used in tables 5 and 6). Future iterations may
alter the final selection of impacts to be moni-
tored ; selection of impacts should be based on
the methodology described in pages 26-38.

DATA-NEEDS TABLE

The data-needs table (table 7) is a modified
version of the data-needs worksheets produced
at the workshop. Changes were made to elimi-
nate overlap of similar data types, to eliminate
data that were not justifiable or pertinent to
monitoring objectives, and to add additional
description as needed.

The information provided in the data-needs
table for each impact to be monitored includes:
(1) impact indicators—the particular type of
data that is measured to determine impact
level; (2) the timing of the impact—the rela-
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tionship of the timing of the impact to phases
of the action; (8) agency responsible for col-
lection—agency (ies) that has responsibility for
collecting the data because of its program re-
sponsibilities, or because the data are within
its area of expertise; (4) location or site where
data are to be measured ; (5) collection frequen-
cy; (6) collection method; (7) use of data—a
justification of how the monitoring data will
assist agencies in controlling impacts to ensure
that the type, frequency, location, and method
of data collection will be suitable for enforce-
ment of pertinent rules and regulations; and
(8) remarks. The information in.this table is
general ; subsequent iterations can be expected
to pinpoint data-collection sites and data-col-
lection schedules. ;

Monitoring data are used in the following
ways. The data identify the type of impact that
occurs, where the impact occurs, when the im-
pact occurs and its duration, and the level of
impact. These data can then be correlated with
the type, level, location, and timing of the ac-
tivities causing the impacts. It is not necessary
to obtain data on every activity to establish
correlation with impacts. A few indicators of
the magnitude, timing, and location of the ac-
tion may be sufficient.

ACTIVITY/IMPACT SCHEDULE

The activity/impact schedule relates the tim-
ing of activities and impacts. Figure 1 is an
example of a generalized impact schedule for a
mine and for a processing plant. Impacts are not
necessarily limited to the duration of the ac-
tivity causing the impact; impacts may persist
after the activity causing the impact has
ceased. This should be taken into account when
the timespan of a monitoring system is decided.

A schedule of the assumed production from
mines in the EIS study area is presented in
figure 2. An indication of the impact level likely
to result can be obtained by relating the ac-
tivity/impact schedule to a production level
schedule. This enables the user of a monitoring
system to predict when critical impact levels
are most likely to occur and to alert agencies to
those time periods when impact control re-
sponses are most likely to be needed.

Another use of the activity/impact schedule
is to relate the schedules and production levels
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TABLE 7.—Monitoring data needs

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection
impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Phosphate Mining: U.S. Geological Each minesite. Tons of ore Tons of ore Regulation and Data may be
consumption/ Operation Survey, mined: mined: Com- enforcement: confidential ;
loss and decom- Conservation Monthly. pany reports Enforce Mineral obtain indus-
Tons of ore and missioning Division. Tons of ore to regulator. Leasing Act; try approval
percent P.Os phases. made unre- Tons of ore determine amount for public
mined. coverable: unrecoverable:  of royalties due disclosure.
Estimate tons of Annually. Field study. Federal and State
ore no longer Government.
recoverable due to Planning:
filling. Plan and schedule
future resource
development.
Other: Correlate
level of mining
activity with
resultant impact
levels; predict
future impacts.
Phosphate Processing: U.S. Each Monthly. Industry Correlation of Data may be
processed Operation Environmental processing plant. reports. level of processing confidential;
Tons of phase. Protection activity with level = obtain indus-
phosphate ore Agency. of air, water, soil, try approval
processed. and vegetation for public
contamination; disclosure.
value for future
impact predictions.
Land surface Mining: U.S. Geological Minesites. Annually. Remote Regulation and Permits
disturbance from  All phases. Survey; Bureau sensing at enforcement: En-  correlation of
minesites of Land 1:24,000 scale. force compliance acreage
Acreage and Management; with terms disturbed,
location of U.S. Forest of lease and reclaimed,
disturbance from Service. reclamation and level of

mining: pits,
dumps, access
roads, railroads,
clearcutting, and
administrative
maintenance areas.

standards of
surface manage-
ment agency.

sediment yield.
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TABLE 7.—Monitoring data needs—Continued

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection
impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Land surface dis-
turbance from mine-
sites—Continued:
Acreage and loca-
tion of reclamation:
Acreage backfilled, re-
contoured, revegetated,
returned to pro-
ductive use. Length
of time to reclaim,
Vegetation/soil Processing: Idaho Depart- Samples taken Monthly Field Regulation and
contamination Operation ment of Health within 1 mile of during plant collection of enforcement: Enforce
Concentration of phase. and Welfare; processing plant. operation. vegetation Idaho fluorine air-
cadmium, chro- Idaho Depart- samples. quality standards
mium, fluorine, ment of (includes standards
lithium, Selenium, Ag'ricultm. for concentration
uranium, vana- in vegetation).
dium, and zinc in Planning: Avoid
vegetation. contamination of
rangeland and agri-
cultural lands by
site planning.
Surface-water Mining and U.S. Geological Downstream of Sediment Field Regulation and
quality: sediment processing: Survey; U.S. minesites and yield: 2-3 samples enforcement:
yield increase, All phases. Environmental processing times during using Emforce State and
chemical contami- Protection plants; in runoff and standard Federal water-
nants, biological Agency; U.S. reservoirs for bimonthly rest methods and quality standards,
health Forest Service; eutrophication of year. procedures. Fish and Wildlife
Sediment yield: U.S. Fish and levels. Chemical Coordination Act,
flow, turbidity, Wildlife Service; contaminants: and other
nonfilterable Idaho Depart- Once during regulations for
solids, ment of Health runoff and protection of
conductivity. and Welfare; bimonthly for aquatic resources.
Chemical con- Southeast Idaho all chemicals Decisionmaking:
taminants: Council of except for heavy Determine success
Temperature, Governments. metals to be of management

dissolved oxygen,
total potassium,
NOa, pH, PO.,

collected during
high and low
flow only.

policies and .
mitigating
measures; identify
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TABLE 7.—Monitoring data needs—Continued

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection

impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Chemical con- Chemical con-

taminants—Continued : taminants—continued :

chemical oxygen need for addi-

demand; tional water-

Hardness: Mg, SO, quality controls

F, alkalinity, K, total and techniques.

phosphate, Fe, Develop appro-

Mn, As, Cd, Cr, priate water-

Se, V, U, Z, Cu. quality standards.
Biological Biological Planning: Site
health: coliform, health: planning of future

benthos species Coliform and land uses and

diversity, peri- benthos determination of

phyton, eutrophica- bimonthly, allowable dis-

tion level (plankton periphyton charge levels.

PO,, NO,, total Kjel- quarterly, and State 208 water-

dahl nitrogen, eutrophica- quality planning.

chemical oxygen tion level

demand, dissolved twice in

oxygen), pH, conduc- summer.

tivity, SO,, F, alkalin-

ity, total phosphate.

Water use by Processing: Idaho Depart- Processing Annually. Water use Regulation and

processing plants; Construction ment of Water plant use: by processing enforcement:

municipal water and operation Resources. Processing plants: Enforcement of

use induced by phases. plants. Watermeter. State water rights

phosphate Mining: Municipal Municipal regulations.

development Construction water use: water use: Decisionmaking:
Acre-feet/year and operation Areawide. Statistical Allocation of

of processing phases. record of water rights.

plant use. population Planning: Allo-

Annual popula-
tion increase from
phosphate
development
multiplied by
average per capita
water consumption.

and per capita
water
consumption.

cation of future
water rights,
planning munici-
pal and industrial
growth to limit
water demand to
available supply.
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TABLE 7.—Monitoring data needs—Continued

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection
impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Air quality: Mining: Minesites: Total sus- Total Continuous Regulation and
fugitive dust and Construction U.S. Geological pended particu- suspended instrumenta- enforcement:
chemical and operation Survey (requires late matter: particulate tion. Enforce existing
contamination. phases. industry to Minesite process- matter: air-quality
Total suspended Processing: collect the data). ing plants, Continuous— regulations.
particulate matter Production. Processing transportation hourly, re- Decisiommaking:
in micrograms plants: Idaho networks. corded as Determine attain-
per cubic meter. Department of Ambient fluo-  average 24- able standards,
Ambient fluoride Health and ride: Processing hour concen- develop new
in parts per Welfare Division  plants. tration. regulations;
million. of the Environ- Sulfur dioxide: Ambient determine level
Sulfur dioxide ment (data Processing fluoride and of plant pro-
in parts per furnished to plants. sulfur dioxide: duction that is
million. U.S. Environ- Continuous— feasible within
mental Protec- hourly, re- standards.
tion Agency. corded as Planning:
average 24- Minimize pollu-
hour concen- tion levels by
tration and site planning of
as average future processing
3-hour con- plants; evaluate
centration. potential new
source con-
struction.
Radiation released  Processing: ~  Idaho Depart- Aidr: Upwind Quarterly Air: ? Regulation and
in air and water  Operation ment of Health and downwind initially, Water: enforcement:
Air: Gross phase. and Welfare. of processing revised as TLD Enforce Idaho
alpha, Ra®™, plants within needed. dosimeter. Radiation Con-
Th™. Po™". 5-mile radius; trol Regulations.

Water: Gross
alpha, gross
beta, Ra®®,

within process-
ing plant.
Waiter: Sub-
surface water
under or near
processing plants
that could be
affected by
stockpiles or
waste ponds.

Decisionmaking:
Make adjustments
in radiation

controls as needed.
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TABLE 7.—Monitoring data needs—Continued

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection

impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Wildlife: degrada- All phases U.S. Fish and Study area, Annually. Carrying Regulation and
tion or loss of of mining Wildlife Service; endangered capacity: enforcement:
endangered species and Bureau of Land species areas. Field Enforce Endan-
habitat; roadkill processing. Management; examination. gered Species Act.
and obstruction U.S. Forest Habitat Decisionmaking:
of migration Service; Idaho acreage: Identify need for
routes; loss of Department of Remote improvement in
resident species’ Fish and Game. sensing at habitat quality
habitat scale of and acreage.

Carrying
capacity and
acreage of
endangered species’
wildlife habitat.

Roadkills and
number of dead
animals along
transportation
networks and at
bottom of high-
walls, number of
animals in
traditional winter
range areas.

Acreage of wild-
life habitat
replaced by
vegetation
categories:
Conifers, hard-
wood, conifer/
hardwood mix,
woodland, riparian,
sagebrush, tall
shrub, snowbank
shrub, meadow,
barren, strip
mine, seeded
pasture, cropland,
and herbaceous.

1:24,000 with
field verifica-
tion checks.

Roadkills,
ete.: Statisti-
cal records
of dead

animals found.

Determination
of appropriate
number of
hunting permits.

Development of
management
techniques.

Structures for
minimizing trans-
portation and
highwall-related
accidents and
for facilitating
seasonal
migration.




02

TABLE 7.—Monitoring data needs—Continued

Location or site

Impacts and Timing of Agency responsible where data are Collection Collection

impact indicator(s) impact for collection to be measured frequency method Use of data Remarks
Agquatic life
quality

See surface-
water quality:
biological health.
Land use/land All phases Southeast Study areawide Annually. Remote Decisionmaking:
cover change mining and Idaho Council of for all cate- sensing at a . Determine need

Location and processing. Governments; gories. scale of for zoning changes,
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