quirements of this legislation had profound impacts on
land and water management.

- Specific federal water quality legislation

Water quality laws, with periodic amendments of
gradually increasing specificity, and associated state
laws and local ordinances, have provided the guide-
lines for watérshed and water quality protection that the
general resource management legislation lacks.

The Federal Water Pollution Control Act (PL 80-
845) was originally passed in 1948, but a significant
federal presence in water quality control was not initi-
ated until the Federal Water Pollution Control Act
Amendments of 1972.3 The 1972 act (now commonly
referred to as the Clear Water Act) optimistically called
for the attainment of fishable and swimable waters by
1983 and the elimination of all point source discharges
of pollutants into navigable waters by 1985. While the
major emphasis of the act was the establishment of
effluent standards for point source emissions, section
208 of the act specifically addressed nonpoint source
pollution and designated silvicultural and livestock
grazing activities as nonpoint sources of pollution. Sec-
tion 208 required that states adopt an “areawide waste
treatment management planning process” that was ap-
plicable to “all wastes generated within the area” {33
U.S.C. 1288(b)(1)(A)). The areawide plans were to
include “a process to identify ... agriculturally and
silviculturally related nonpoint sources of pollution,
including runoff from manure disposal areas, and from
land used for livestock and crop production,” and to set
forth “procedures and methods (including land use
requirements} to control to the extent feasible such
sources” (33 U.S.C. 1288(b)(2)(F)) (see Anderson 1987).
The state and local plans were subject to approval by the
EPA. Federal land management agencies were subject
to all requirements of duly promulgated state water
quality law and standards, but only to the same extent
as such standards were applied to all nongovernmental
entities (33 U.S.C. 1323). ,

Also of importance to forestry was section 404,
which addressed water pollution associated with de-
posit of dredged and fill material. Unlike the section
208 controls, regulation of dredge and fill operations
was primarily a federal function effected by the require-
ment to obtain a permit from the Army Corps of Engi-
neers for discharge of dredge and fill materials into U.S.
waters. The act authorized the EPA to set permit guide-
lines and veto individual permits (33 U.5.C. 1344).

9 Other pre-1972 laws included the Federal Water Pollution
Control Act of 1958 (PL 84-660) and its 1961 amendmentis (PL 87-88),
the Water Quality Act of 1965 (PL 89-234), the Clean Water Restora-
tion Act of 1966 (PL 89-753), and the Water Quality Improvemant Act
of 1970. The pre-1972 acts emphasized point sources and were
essentially replaced by the 1972 amendments.
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While focused on wetland protection, section 404 also
regulated activities such as bridge and road construc-
tion.

Although the EPA recognized the seriousness of
nonpoint source pollution early on (for example see
EPA 1974, cited by Agee 1975), it initially emphasized
the more serious and manageable problems of sewage
treatment and industrial emissions. In 1976, some
financial assistance for developing 208 plans was
awarded to the states, yetimplementation of section 208
plans remained a gradual process as states and localities
adapted to the new goals and the developing federal-
state-local working relationship.

The Clean Water Act of 1977 further amended the
water quality legislation by increasing control of toxic
pollutants and authorizing a program of grants to help
cover the costs to rural landowners of implementing
“best management practices” to control nonpoint source
pollution. The 1977 amendments also exempted “nor-
mal” silvicultural activities, including road construc-
tion, from the requirement of obtaining a section 404
permit {33 U.S.C. 1344(f)), whileleaving nonpoint source
road construction concerns under the perview of 208
plans.

Alsoin 1977, the EPA formally informed states that

. they could elect either regulatory or nonregulatory pro-

grams for reducing nonpoint source discharges.
Nonregulatory plans, adopted by most states, essen-
tially rely on voluntary compliance and educational
programs (BMP manuals, seminars, onsite inspections,
etc.), sometimes enhanced by cost sharing or tax incen-
tives. Regulatory plans impose mandatory restrictions
on land management practices and allow the imposition
of penalties for noncompliance. The EPA retained
authority not to approve the states’ areawide plans
unless a state was given at least the authority to require
adoption of land management practices, but the possi-
bility of penalties became recognized as an “empty
threat” (Goldfarb 1984:188).

The Water Quality Act of 1987 further amended the
Clean Water Act, appropriating new funds and estab-
lishing in section 319 new requirements for states to
develop and implement programs for controlling
nonpoint sources of pollution (33 U.S.C. 1329). Section
208 previously required states to identify sources of
nonpoint source pollution and to prepare plans to con-
trol such pollution, but it did not require that sources be
related to specific bodies of water. Thus, section 208
allowed states, if they wished, to maintain only a vague
link between cause and effect. The lack of specificity
may have hindered plan implementation. Section 319
was intended to encourage implementation by requir-
ing (1) detailed water quality plans that identified water
bodies not meeting water quality standards; (2) identi-
fication of categories of nonpoint sources or particular
nonpoint sources responsible for violation of water



quality standards in identified water bodies; and (3)
identification of BMP’s to control them. Section 319
also detailed the process that the EPA was to use to
either approve or disapprove the states’ reports and
management programs, although section 319 lacked
firm criteria for determining whether a proposed man-
agement plan was acceptable. States with programs
approved by the EPA could receive matching grants to
facilitate implementation of the programs.*

Federal encouragement of water quality protection
was strengthened once more with the Coastal Zone Act
Reauthorization Amendments of 1990 (16 U.S.C. 1451
et seq.). These amendments to the Coastal Zone Man-
agement Act of 1972 direct the EPA and the National
Oceanic and Atmospheric Administration (NOAA) to
prepare “guidance for specifying management mea-
sures for sources of nonpoint pollution in coastal wa-
ters.” The amendments direct the coastal states to
submit a program for approval by EPA and NOAA
within 30 months of publication of the guidance (16
U.S.C. 1455b).

The guidance is to include (1) a description of each
“management measure” and the activities or locations
for which each measure may be suitable; (2) identifica-
tion of individual pollutants or categories of pollutants
that may be controlled by the measures; and (3) quanti-
tative estimates of the pollution reduction effects and
costs of the measures, where “management measure”
means an “economically achievable” measure for con-
trol of pollutants (16 U.S.C. 1455b).° The 1990 Amend-
ments do not clarify what was meant by “economically
achievable.” According to the CZMA amendments, the
state programs are to (1) identify coastal zone bound-
aries; (2) identify land uses that may cause degradation
of coastal waters and management measures necessary
to achieve and maintain water quality standards; (3)
identify means the state will use to “exert control over”
land and water uses; and (4) describe the organizational
structure proposed toimplement the program (16 U.S.C.
1451).

4 in 1989, Congress appropriated $40 million for fiscal year 1930,
of which $34.8 million was awardad to the states (EPA-1992, table 2}.
Congress appropriated $51 mitlion for fiscal year 1991.

5 A 126-page draft for forestry titled “Proposed Guidance Speci-
fying Management Measures for Sources of Nenpoint Pollution in
Coastal Waters, Pursuant to Sec. 6217(g) of CZMA Amendments of
1990, Chapter 3: Management Measuras for Forestry, " was completed
on April 27, 1992. The draft discusses road construction, timber
harvest, site preparation, and 7 other ‘measures,” and also lists
specific “management practices”™ under each measure. The chapter
indicales that while states are required to implement the management
measures, they are not required to implement the practices, which are
listed for “illusirative purposes only.” States are expected to use the
individual practices that best suit their specific circumstances. For
exampie, one component of the “timber harvesting” measure is to
“locate and construct landings to avoid faflure of fill siopes by limiting
the siope of the filt and not incorporating woody or organic materials”
{p. 60). One of the listed practices for this measure says that "the slope
of the landing surface should not exceed 5 percent and should be
shaped to promote efficient drainage” (p. 67).
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Each state program is to “provide for the implemen-
tation ... of management measures ... to protect coastal
waters” (16 U.S.C. 1455b). Matching grants are avail-
able to states for developing and administering their
program. Failure to submit an approvable program may
lead to withholding of up to 30% of the grant funds
available under both section 306 of the CZMA and
section 319 of the CWA. Management of federal lands

. in or out of a coastal zone that affects the coastal zone

waters must conform to the state program.

State nonpoint source pollution control programs

By the mid 1970’s when implementation of the
nonpoint source pollution provisions of the 1972 Fed-
eral Water Pollution Control Act began to take effect,
some states with existing programs submitted those
programs to mest the new federal requirements. Others
developed new approaches, but several states, espe-
cially those with relatively few forests or with fewer
perceived water quality problems on forestlands, were
slow to respond.

Continuing concern about nonpoint source pollu-
tion along with the 1987 and 1990 federal legislation
have encouraged more proactive state efforts at control.
In the past 4 yr,additional states have adopted BMI"’s for
forestlands and many states with programs have in-
creased their efforts to have their BMP’s understood and
implemented. In addition, some states now provide
cost-share funds. Others are establishing penalties for
noncompliance with BMP’s, especially where that non-
compliance results in significant water quality degrada-
tion.

State approaches can broadly be categorized as
regulatory or voluntary. Regulatory programs impose
requirements on land management and allow assess-
ment of fines and other penalties for noncompliance.
States with regulatory programs tend to rely on inspec-
tion of management activities while the activities are in
progress, as well as follow-up inspections, to improve
compliance with BMP's and to determine whether pen-
alties are to be assessed. Regulatory states may also
require approval of harvest or road construction plans
that include water quality protection measures before
field work begins. States with voluntary programs
emphasize education and training, including onsite
inspection where requested. Increasingly, states with
voluntary programs are performing formal implementa-
tion surveys to judge the success of the voluntary ap-
proach.

Four federally funded programs currently provide
cost-share funds and technical assistance for forestry
activities on forest or agricultural land that may have a
positive effect on water quality. The Agricultural Con-
servation Program, begun in 1936, supports a series of



agricultural conservation practices emphasizing water
quality and other environmental concerns and includes
such practices as tree planting, stand improvement, and
animal exclusions in riparian areas. Over 7 million
acres have been planted so far, mainly in the southern
states. The Conservation Reserve Program, established
in 1985 and expected to end in 1995, funds the retiring
of highly erodible farm land through establishing per-
manent cover;.over 2.3 million acres have been planted
with trees in 41 states, with 92% of the planting occur-
ring in the southern states. (Also, over 20 million acres
have been planted in grass.) The Forestry Incentive
Program, established in 1974 and slated to end in 1995,
funds timber production activities, some of which (e.g.,
tree planting) may enhance water quality. Over 3.9
million acres have benefitted so far in 49 states, with
70% in the southern states. Finally, the Stewardship
Incentive Program, which began disbursing funds in
1992, supports a number of environmental protection
activities, including stream bank stabilization, riparian
buffer zones, and protection of native vegetation. As of
the spring of 1992, about half of the states reported using
Stewardship Incentive Program funds. Others were in
the process of requesting them. The Agricultural Stabi-
lization and Conservation Service administers the first
three of these programs, but forestry aspects of the

programs are facilitated by the USDA Forest Service in
cooperation with state personnel. The Stewardship
Incentive Program is administered by the USDA Forest
Service, but the funds are disbursed with the assistance
of the Agricultural Stabilization and Conservation Ser-
vice. In addition to these four cost-share programs, the
Federal Income Tax Reforestation Incentive Program
provides credits for tree planting.

Summaries of state legislation and programs are
provided by NCASI(1983), Cubbage et al. (1987), Guldin
{1989, Appendix C), Essig {1991), and Brown et al.
(1993). In table 13 and the following paragraphs, we
provide a brief summary, as of spring 1992, of state
approaches to control nonpoint source pollution from
forestlands.

In the Southeast, all states have forestry BMP plans,
and two states have grazing management plans, most of
which employ voluntary practice guidelines (i.e., BMP’s)
to be implemented through training and educational
programs (see table 13 for the states included in the
southeast region). One state (Virginia) offers state-
funded cost sharing (for agricultural BMP’s that may
apply in woodland areas). North Carolina, Florida, and
West Virginia require the use of BMP’s for certain road
construction and silvicultural practices (Lickwar et al.
1990). Across the region, about 24 person-yr were

Table t3.—Number of states with programs and activities 1o control nonpeint source pollution on forest lands, as of
spring 1982.*

Region® Total Silvicultural Grazing Financial Implementation Effectlveness
BMP's® BMP's’  Incentives*  monltoring monltoring
— ———  (some activily)
vV R VR Some Farmal

activity survey’

Southeast 12 g 2 1 2 1 12 9 6

Northeast 11 4 4 3 1 2 9 3 6

N. Cent. & Great Pl 8 7 0 0 1 § 3 1 2

Great Plains 6 2 0 0 0 1 4 1 1

Rocky Mountains 6 12 1 1 2 3 3 2

Pacific Northwest 3 ¢ 3 ' 0 0 0 3 2 3

Pacific Southwest 4 0 2 0 0 0 2 i 2

us. 50 23 13 5 5 11 36 20 22

* This table summarizes a state-by-state table in Brown et al. (1993), which was based on phone interviews with
parsonnel from forastry and/or environmental agencies in each state.

% Southeast: Alabama, Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina,
Tennessea, Virginia, West Virginia. Northeast: Connecticut, Delaware, Maine, Maryland, Massachusetts, New
Hampshire, New Jersay, New York, Pennsylvania, Rhode Island, and Vermont. North Central and Great Plains:
lowa, Indiana, Hinois, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, Oklahoma, South
Dakota, Texas, Wisconsin. Rocky Mountains: Colorade, Idaho, Montana, Nevada, Utah, Wyoming. Northwest:
Alaska, Oregon, Washington. Southwest. Arizona, California, New Mexico, Hawali.

°V = volumtary program of state approved BMP’s; R = regulatory program of state approved BMP's, fines can be
assessed for noncompliance; V/R = a combination of voluntary and regulatory approaches.

9 Maine's program is regulatory; the others are voluntary.

® State-funded cost sharing or tax incentives.

' Formal periodic post-hoc survey of all or randomly selscted sites meeting criterfa for selection.



devoted to nonpoint source pollution control programs
in 1987, with a total budget of almost $1 million (table
14). That expenditure has likely increased with the
additional effort that many states are allocating to moni-
toring, as discussed later.

In contrast to the Southeastern states where volun-
tary programs prevail, no one program type dominates
in the Northeastern states (table 13). Of the 11 states in
theregion, 4 have regulatory programs, 4 have voluntary
programs, and 3 use a combination of the 2 approaches.
Of the three states with combinations, two (Massachu-
setts and New Hampshire) have regulatory programs of
BMP’s for riparian zones and voluntary programs for
non-riparian forestry sites, while New York has a regu-
latory program for state-owned lands and a voluntary
program for private lands. Two northeastern states
(Maryland and New Jersey) offer tax incentives forusing
forest management BMP’s, and Maryland has a state-
funded cost-sharing program encouraging reforestation.

Nine of the 14 states in the North Central and Great
Plains regions now have voluntary programs of state-
approved BMP’s for forestlands. Many ofthe states have
relatively few forested areas, usually associated with
farms and ranches, and thus have felt under less pres-
sure than states in other regions to institute formal
forestry BMP programs. Some states have relied on
federal regulations where the forests tend to be federally
owned. Only Iowa has a program of grazing BMP’s, but
Kansas is considering formulating them for riparian
areas. Illinois has a state-funded cost-sharing program
encouraging use of forestry BMP’s, and Minnesota has a
state-funded program emphasizing protection of ripar-
ian areas from livestock damage. In addition, Indiana
and Illinois offer tax incentives for use of BMP’s in
woodland or forest areas. Wisconsin offers both tax
incentives and cost sharing for maintenance of wood-
land through a formal management plan.

Four of the 6 Rocky Mountain states have nonpoint
source pollution programs affecting forestlands.
Colorado’s program is voluntary, while Montana’'s is
regulatory for riparian areas and voluntary elsewhere.
Idaho and Nevada have regulatory programs, with Lake
Tahoe Basin BMP’s being more restrictive than those
applying to other parts of Nevada. Two states offer tax
incentives—Colorado for tree planting and Idaho for
maintenance of forestlands on private property. Only
Idaho has so far adopted grazing BMP's.

All three Pacific Northwest states have regulations
for controlling of nonpoint sources of pollution from
forest practices. In Alaska, a Forest Resources and
Practices Act, passed in 1981, requires notification prior
to harvesting operations and tries to prevent problems
by advising use of BMP’s. Alaska’s program was
strengthened in 1991, and more strict regulation is
likely to result. In Washington, Forest Practice Rules
and Regulations (pursuant to the 1974 Forest Practice
Act) provide standards governing road construction,
tree harvest, site preparation, chemical use, and refores-
tation. Written applications prior to operations are
classed into one of five categories, with each category
receiving different levels of evaluation. The Oregon
Forest Practices Act of 1971 covers road construction,
tree harvest, site preparation, chemical use, and refores-
tation. Practices are regulated on private and state
lands.

InthePacific Southwest, California and New Mexico
have regulatory programs; Hawaii relies on strict land
use planning requirements rather than BMP’s; and Ari-
zona is considering adeption of voluntary silvicultural
and grazing BMP’s. California’s thorough regulatory
program involves a combination of legislation, admin-
istrative regulation, active enforcement, and licensing
of professional foresters and timber operators (Yee 1987).
Every timber harvest in California must include a timber

Table 14 —Personnel and budgets for state forestry-related nonpoint source pollution control
programs in the Southeast, 1987.*

State Full-year equivalent

agency employees State agency budgets

Water quality Forestry Water quality Forestry
Alabama 1.0 0.5 $ 10,000 $10,000
Arkansas 0.0 2.5 0 64,000
Florida 47 2.0 211,000 60,000
Georgia 1.0 1.3 o 50,000
Kentucky 0.0 0.5 0 50,000
Louisiana 0.0 0.0 0 0
Mississippi 0.0 0.0 0 0
N. Carolina 1.0 1.5 120,000 40,000
Oklahoma 0.0 1.8 0 80,000
S. Carolina 0.0 0.2 0 5,000
Tennessee 0.0 0.0 0 4]
Texas 0.0 0.0 0 0
Virginia 2.0 4.0 85,000 150,000
Total 8.7 14.3 426,000 509,000

1Source: Lickwar et al. {1890).
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harvest plan that is reviewed by an interdisciplinary
review process. Once a permit is granted, the Depart-
ment of Forestry has enforcement responsibilities to
ensure compliance with a wide range of regulations
(including water protection). This elaborate process
was estimated to increase the stumpage cost by about 5-
10%. Cuooperation between the state and USDA Forest
Service has led to an intensive program for maintaining
water quality on National Forests, including personnel
training, development and refinement of BMP’s, a hand-
book on BMP’s, and implementation and monitoring of
BMP’s in forest operations (Leven et al. 1987).

The Forest Service BMP’s are designed to be flexible
because water quality problems vary substantially among
California’s forests. Leven et al. (1987) reported 98
official BMP's grouped in 8 categories from road con-
struction to vegetation management to grazing impacts.
The BMP’s related to road construction include guide-
lines on constructing roads of minimum length that
conform to the terrain, with well-designed drainage.
The rules also require buffer strips along streams, direc-
tional falling of trees away from streams, and no physi-
cal impact on stream channels (Skaugset 1987). The
application of BMP’s proceeds in four phases: feasibil-
ity, site-specific assessment, application of BMP’s, and
monitoring. During 5 yr in the early 1980’s, about $3.3
million was spent to correct nonpoint source pollution
problems resulting from deteriorated watersheds in
National Forests in California, but the estimated backlog
of rehabilitation projects was $57 million (including
$37 million simply for erosion problems).

In addition to state programs, many local ordi-
nances have been passed by counties, townships, and
municipalities. Martus et al. (1991) identified 377 local
ordinances that regulate forestry activities in the United
States, with 72% of them in the Northeastern states.
About three-quarters of the ordinances were enacted in
the past 10 yr, and nearly half are less than 5 yr old.

Best Management Practices

Whether voluntary or regulatory, state and local
programs typically rely on a set of land management
practices that land managers are encouraged to follow.
These practices are often called best management prac-
tices (BMP’s), but some states use “acceptable manage-
ment practices,” “forest practice rules,” or other terms.
As Wilkinson and Anderson (1985:220) report, EPA
regulations define BMP’s as

those methods, measures, or practices to pre-
vent or reduce water pollution and include but
are not limited to structural and nonstructural
controls, and operation and maintenance proce-
dures. BMP’s can he applied before, during, and
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after pollution-producing activities to reduce or
eliminate the introduction of pollutants into
receiving waters. Economic, institutional, and
technical factors shall be considered in devel-
oping BMP's (40 C.F.R. 35.1521-(4)(c)(1), 1984).

On forested land, the following BMP's are some-
times used to minimize or prevent nonpoint source
pollution from timber harvest: (1) buffer strips along
perennial and intermittent streams, where logging is
prohibited or limited to selective removal of high-value
or undesirable trees; (2) prohibition of skidding over
streams, except over approved culverts or bridges,
(3) supervision of logging by a qualified forester or
engineer; (4) division of timber sales into more easily
administered blocks that are harvested one at a time;
(5) prohibition of disposal of tops or slash near streams;
(6) proper location of haul roads, skid trails, and log
landings to avoid soil loss; (7) retirement of skid trails
and haul roads after logging; (8) installation of water
bars and other erosion control and drainage devices
where necessary; (9) seeding and other efforts to main-
tain vegetative cover; and (10) prohibition of logging
during excessively wet periods (Lynch et al. 1985).

Officially designated BMP's for rangeland are less
common than those for forests, but more states, in the
West, are now taking steps to specify rangeland BMP’s.
Rangeland BMP’s emphasize limiting grazing intensity
by controlling {1) livestock numbers, (2) the timing of
livestock use, and (3) livestock distribution (with fenc-
ing, herding, salt placement, and water development)
(Chaney et al. 1990). Implementation of rangeland
BMP’s often focuses on riparian areas, where the im-
pacts of grazing on water quality are potentially greatest.
Other practices aim at improving rangeland vegetation
by seeding and at assuring careful brushland manage-
ment and prescribed burning.

Undoubtedly, BMP’s can be designed that will con-
tain the effacts of harvest, grazing, and other activities to
within acceptable limits. Some careful studies
implementating BMP’s (e.g., Lynch and Corbett 1990 on
Pennsylvania’s silvicultural BMP’s) have demonstrated
the effectiveness of BMP use in protecting water
quality. However, the fact that using of a certain set of
BMP’s is effective in one location does not guarantee
that those BMP’s will be effective in a different location.
The soils and their slopes, weather patterns, and several
other factors must be considered in the selection of the
most effective site-specific BMP's.

Whitman (1989) suggests that in some conditions,
such as areas of steep unstable slopes, BMP’s alone are
insufficient to control sediment loss to within accept-
able limits and that in such conditions the land manage-
ment planning process should be used on public land to
preclude such areas from harvest. His suggestion as-
sumes that BMP’s cannot be used directly to exclude



some areas from harvest, an assumption that may un-
necessarily restrict the purview of the BMP process.
BMP’s for restricting harvest along stream buffer zones
are now common; perhaps the same concept of exclu-
sion could be extended to areas of steep slopes with
unstable soils.

Cases where BMP implementation fails to achieve
water quality objectives have led to canflict, which
sometimes ends up in court. The decision in the so-
called Blue Creek case involving National Forest land in
California was that water quality standards could con-
stitute judicially enforceable constraints on land man-
agement. Anderson (1987:605) summarized the Ninth
Circuit Court of Appeals’ 1986 decision: “Even if all
applicable BMP’s are followed, a given project or group
of projects may be illegal under the CWA [Clean Water
Act] if the evidence indicates that the resultant pollu-
tion will exceed state standards.” However, after the
Blue Creek case, the EPA clarified the role of BMP’s in
nonpoint source pollution control and the relation of
BMP's to water quality standards. The EFA (1987)
guidelines state in part:

Once BMP’s have been approved by the State,
the BMP’s become the primary mechanism for
meeting water quality standards. Proper instal-
lation, operation and maintenance of State ap-
proved BMP's are presumed to meet a
landowner’s or manager’s obligation for com-
pliance with applicable water quality standards
.... For proposed management actions, BMP’s
designed and implemented in accordance with
a state approved process will normally consti-
tute compliance with the CWA.

The guidelines go on to emphasize the iterative nature
of BMP specification (involving implementaiton, moni-
toring, and subsequent adjustment of BMP guidelines)
and the role of standards as a base against which the
effectiveness of BMP’s are to be measured {Rector 1989).
Thus, the difficulty of specifying BMP’s to precisely
meet standards was acknowledged, the importance of
continually upgrading BMP guidelines was highlighted,
and the focus of compliance on BMP implementation
was reinforced.

Implementation and effectiveness monitoring

Even if BMP's are appropriately specified for the
site, they must be implemented. And the effectiveness
of their use must be checked to allow reassessment of
BMP requirements. Thirty-six of the 50 states reported
performing implementation monitoring activities (table
13). States use different procedures for encouraging and
checking on compliance (NCASI 1988). Some states,
especially those with regulatory programs, rely on visits
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by state forestry personnel to sites while management
practices such as harvest and road construction are in
progress. Because ongoing inspection of forest manage-
ment in progress is expensive, inspectors may only visit
the mostimportant sites. Twenty states employ a formal
survey of randomly selected recently managed sites
(table 13), while others use a less formal inspection of
sites or an ad hoc inspection of sites suspected of not
being in compliance. Some states include federal lands
in their formal surveys, but most leave that to the federal
agencies.

Monitoring also accurs where a contract or agree-
ment between the state and a private party requires BMP
implementation. This may occur where landowners
benefit from financial incentives or where contracts for
harvest on state land contain BMP clauses.

The USDA Forest Service now distinguishes be-
tween two kinds of monitoring that we group here under
effectiveness. First, “effectiveness monitoring” deter-
mines whether implemented practices performed as
expected. Such monitoring does not necessarily mea-
sure water quality. Forexample, if a practiceis designed
to reduce sediment delivery to a stream, effectiveness
monitoring would inspect on-slope sediment move-
ment. Effectiveness monitoring may use quantitative or
qualitative methods. Second, “validation monitoring”
determines whether water quality standards are met,
and whether water quality prediction models are accu-
rate. Quantitative methods are needed here (Warren
Harper, USDA Forest Service, personal communica-
tion).

Effectiveness of BMP’s implemented on site can
basically be checked in two ways: qualitatively by
trained professionals during onsite inspection, or by
quantitative measurement. Qualitative checking can be
accomplished informally or preferably via a formal
survey of randomly selected sites, perhaps in the course
of a compliance survey. Qualitative checks may miss
difficult-to-observe levels of suspended sediment or
other constituents that might be found through analyz-
ing water quality samples. Quantitative measurement
can include downstream waterquality sampling, bedload
monitoring, and biological monitoring, as well as on-
land monitoring of soil movement. Careful quantitative
measurement is preferable to qualitative judgments, but
its high cost often limits such measurement to a few
carefully selected sites. Twenty-two states reported
performing some effectiveness monitoring activities
(table 13); five of these employed some quantitative
monitoring.

Formal surveys of BMP implementation indicate a
range of compliance and effectiveness. Several such
studies are summarized here.

1. Florida, which has a largely nonregulatory BMP
program (Lickwar et al. 1990), has conducted biannual



compliance checks of selected sites since 1979. Sites
selected for investigation were subject to a silvicultural
operation (e.g., harvest, site preparation, a regeneration
activity) during the previous 2 yr and are located within
300 ft of either a perennial or intermittent stream or lake
of at least 10 acres. Eighty-five questions are answered
at each site by the county forester, some of which focus
on effectiveness of BMP use. The survey concludes with
an overall judgment of whether “there was (generally)
good compliance with 208 guidelines.” In the 1989
survey, 94% of the 128 sites surveyed were judged as
generally in compliance (Conner et al. 1989). Overall
compliance was 89% in 1987 and 84% in 1985. Addi-
tional efforts were recognized as needed to “sensitize
equipment operators on the proper use of equipment on
more erodible soils” and to improve stabilization of
stream crossings (Conner et al. 1989:8).

2. Georgia, another nonregulatory BMP state, re-
cently completed its first large scale compliance survey
(Georgia Forestry Commission 1991). The survey fo-
cused on BMP's dealing with five types of actions: road
construction, harvest, site preparation, reforestation,
and fire control. A total of 345 sites where a forestry
operation had been completed within the previous 6
months was surveyed. Compliance across all 5 types of
BMP’s was 86%. Compliance ranged from 69% for road
construction BMP’s to 96% for reforestation BMP's.
Ninety-five percent of the length of stream banks and
channels within the survey sites was judged to be
“intact and unimpaired.” The report concluded that
“current BMP’s appear to be sufficient in protecting
water quality when implemented,” but that “it may be
necessary to modify some BMP’s, be more site specific,
and address changes in equipment and technology”
(Georgia Forestry Commission 1991:23).

3. In South Carolina, Hook et al. (1991) evaluated
BMP compliance on 100 recently logged areas selected
on aerial photos to represent a wide range of wetland or
riparian site types and a range of harvest area sizes, and
to be representative of the state’s forestland ownerships
and landscape types. The 7 team members from agen-
cies, academia, industry, and a conservation group
visited the sites during a 5-month period in 1990.
Members recorded their subjective assessments. Nearly
all of the sites were on industry or private land, and 61
were on private holdings of less than 1000 acres, or
about 400 ha. Overall compliance was 95% on industry

land, 86% on private holdings of greater than 1000 -

acres, and 78% on private holdings of less than 1000
acres. Across all ownerships, compliance varied from
about 50% for streamside management zone BMP’s
along navigable streams to 90% for log deck BMP’s.
Only 56% of the landowners indicated that they were
aware of the voluntary BMP’s; lack of awareness was
more common for the small forest owners, who were
less likely to contract for the services of a professional
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forester. In another area of South Carolina with 177
harvested sites, Adams (1992) found an overall BMP
compliance of 85%, with compliance ranging from 42%
for road stream crossing BMP's to 98% for log deck
BMP’s,

4. The Virginia Department of Forestry attempts to
obtain an inspection of all harvested forest areas of five
acres or mare by either a Department employee or a
participating industry or consulting forester. In 1990,
based on inspection of over 1000 sites for use of volun-
tary BMP’s, compliance was judged to vary from 84%
for skid trails to 98% for site preparation (Virginia
Department of Forestry 1991). Compliance with haul
road layont, haul road stabilization, landings, and stream-
side management BMP’s was all above 90%.

5.Irland (1985) reported the results of two extensive
field surveys of commercially harvested forests in the
Northeast. First, in Connecticut a survey conducted in
the late 1970s of 2100 ha of harvested forests (in 80
separate sites) revealed that severe gullying developed
on 15% of the logged units. Some gullies were as deep
as 3 m. Skid trails crossed streams a total of 141 times
on the 80 units. Second, a study of 56 harvesting
operations in Maine in 1980 found that about 50% ofthe
units showed substantial amounts of erosion or sedi-
mentation. Most of the problems related to inadequate
water conirol on logging roads. The impacts docu-
mented in these extensive surveys suggest that opera-
tional practices may have greater effects on water qual-
ity (particularly sediment loads} than the impacts docu-
mented in more intensively studied watersheds.

6. Brynn and Clausen (1991:143) found that compli-
ance with Vermont’s timber harvest “acceptable man-
agement practices” varied from 0 to 98% depending on
the practice at the 78 silvicultural operations they inves-
tigated. Postharvest water body sedimentation was
above “background levels” at 46% of the sites, but
“heavy sedimentation” occurred at only 9% of the sites.
The authors suggested that “future research should
focus on the impact of timber harvesting operations as
conducted under economic constraints rather than
unrepresentative research conditions,” and they recom-
mended that BMP’s “should accurately reflect the eco-
nomic and technical constraints of ... timber harvesting
while adequately protecting water resources from deg-
radation.”

7. Texas’ first systematic compliance survey inves-
tigated recently harvested sites in east Texas (Texas
Forest Service 1992). An original sample of 257 sites
was selected in a stratified {by county and ownership)
quasi-randem manner, but time constraints limited
onsite inspection to 162 sites. Two foresters jointly
visited all sites from mid 1991 to mid 1992, completing
a 73-question checklist at each. Overall compliance was
rated as good or excellent on two-thirds of the 162 sites
and fair on another 22% of the sites. Overall good or



excellent ratings were assigned to 80% of the public
land sites, about 73% of the industry and large
nonindustrial private sites, and 56% of the small
nonindustrial private sites. Compliance was highest
where a forester was involved and where the landowner
and logger were familiar with BMP’s. The most com-
mon problems were associated with stream crossings.
Based on qualitative assessment, the report concluded
that the BMP’s were effective in controlling nonpoint
source pollution when BMP’s were implemented.

8. BMP use is mandatory in Idaho. Aninterdiscipli-
nary team audited the impacts of forest management on
water quality from 40 projects across Idaho (Harvey et
al. 1988). Ten projects were selected from each of the
following ownerships: National Forests, Idaho Depart-
ment of Lands areas, forest industry land, and private
nonindustrial land. The audit team included people
with expertise in fisheries biology, hydrology, road
construction, and water quality from the USDA Forest
Service, state agencies, and private industry. The team
examined whether BMP’s were implemented, whether
they were effective, and whether any problems were
more common on a particular type of land ownership.
Compliance with BMP’s was high on public and indus-
trial lands, averaging about 95%. Nonindustrial private
lands complied with BMP’s about 86% of the time.
Compliance with BMP’s led to no stream sedimentation
problems in 99% of the cases, whereas noncompliance
led to sedimentation problems in 70% of the cases.

In 1991, the Idaho Department of Lands assessed
BMP compliance and effectiveness for 40 timber sales
(23 on state land and 17 on private land). Sales were
selected by using a variety of criteria and do not repre-
sent arandom sample. The 40 sales were located within
a half-day’s drive of an area office, and the private land
sales were all in areas draining into “stream segments of
concern.” Five of the state land sales and eight of the
private land sales had some degree of noncompliance
resulting in minor water quality impacts. The assess-
ment concluded that “when rules/BMP’s are imple-
mented they are effective in minimizing impacts to
beneficial uses” (Colla 1992). '

9. In Montana, 44 recently harvested sites were
surveyed in 1990 by 6-member interdisciplinary teams
who rated up to 58 BMP’s at each site for compliance
and effectiveness (Schultz 1990). The sites were chosen
randomly from among a set of sites that met certain
criteria, including minimum proximity to a stream and
minimum size of harvested area. Two-thirds ofthe sites
were “high hazard” sites, as determined based on slope,
erodibility, and riparian proximity. Regarding BMP
compliance across all sites, 78% of the BMP applica-
tions met all requirements and 14% were only minor
departures, with the remaining 8% being major depar-
tures. However, for the 8 BMP’s most important for
protecting water quality, only 53% of the applications
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met all requirements, 28% were minor departures, and
18% were major departures. Regarding effectiveness
across all sites, 80% of the applied practices were rated
as providing adequate protection and 11% as poten-
tially causing only minor impacts, with the remaining
8% potentially causing major impacts. However, among
the 9 most important BMP’s, only 58% of the actual
applications were rated as providing adequate protec-
tion, with 19% potentially causing minor impacts and
23% potentially causing major impacts.

10. In a 1980 assessment of randomly selected sites
in Washington, forest practices were in compliance
with established regulations 80% of the time (Sachet et
al. 1980). Compliance led to almost no water quality
problems, but water quality impacts occurred in about
70% of the noncompliance cases. The most recent
survey occurred in 1991, of 191 randomly selected
application sites throughout the state where harvest,
road construction or maintenance, or chemical use
occurred from 1987 to 1991 {TFW Field Implementation
Committee 1991). The sites were divided among four
evaluators, who were assisted in some cases by other
experts. Some of the sites had received visits from state
personnel before (31%) or during (18%]) the operations.
The survey found that while 37% of the applications
had differences between what was done and what was
stated on the application, only 14% of those (5% of the
total) did not meet or surpass the regulations. Only 1%
of the applications resulted in damage or potential
damage to the public resource.

11. A 1989 assessment of 5,204 operations in Or-
egon, selected by a priority ranking, found that 97% of
the operations were in compliance with state forest
practice rules (Oregon Department of Forestry
1990). Of the 190 citations issued for noncompliance,
61 were for failure to notify the state foresterand 31 were
for violations of written plans, with the remainder
dealing with onsite actions such as harvesting and road
construction. Other recent assessment efforts in Oregon
have dealt with specific issues, such as herbicide use
and riparian areas. For example, in 1989 and 1990,
waler quality samples were taken from 50 herbicide
application units in western Oregon. The applied her-
bicide was not detected in 43 of the samples, and all
detected herbicide levels were below research-based
monitoring standards (Oregon Department of Forestry
1992).

12.In California, a 4-person multidisciplinary team
evaluated compliance with and effectiveness of BMP’s
on 100 harvest units on nonfederal land selected on a
stratified random basis (SWRCB 1987). Implementation
of BMP’s was variable, but protection measures were
generally effective in about 60 of the 100 projects.
Where protection was insufficient and resources were
placed “at risk,” the actual impacts on streams were
generally minor, although the impacts at some sites



were moderate to major and a few were judged to be
severe. Impacts on streams were generally minor when
procedures outlined in timber harvesting plans were
followed. The team concluded that *...noncompliance
[with forest practice rules] was the single most impor-
tant impediment to achievement of adequate resource
protection” (SWRCB 1987). In 1988, 7,578 onsite
inspections by Department of Forestry staff to deter-
mine compliance of timber operations with California’s
forest practice rules found 481 violations (6%), with
construction of water-breaks, treatment of slash, water-
course protection, and road maintenance being the most
common problems (CDF, 1988). Also, see Knopp et al.
(1987) for an examination of the adequacy of BMP's in
protecting water quality in the Six Rivers National
Forest.

Most states are now performing some sort of compli-
ance survey, and formal surveys of randomly selected
sites is the preferred approach. There has been a
dramatic increase in the number of states performing
formal surveys of BMP compliance. Encouraging re-
sults from such surveys are now generally considered to
be necessary justification for continuing with voluntary
(as opposed to regulatory) nonpoint source pollution
control programs. Effectiveness surveysarealso becom-
ing more common, with qualitative surveys of randomly
selected sites being the most common approach. The
obvious trend among the states is toward a more con-
certed monitoring effort, employing periodic surveys
using well-established survey methods.

Overall, it appears that compliance with BMP’s is
generally high and gradually improving® and that water
quality is usually within standards where BMP’s are
implemented. However, cases of noncompliance per-
sist and water quality problems were often associated
with such noncompliance, suggesting that continued
efforts are needed to ensure BMP implementation. Be-
cause the bulk, if not all, of the onsite costs of BMP
implementation are borne by the landowner, while the
benefits typically accrue to aquatic organisms and down-
stream water uses, noncompliance may sometimes seem
to landowners like an attractive alternative, especially
in voluntary states. Thus, compliance and effectiveness
monitoring must be an ongoing activity, and instituting
aregulatory program must remain a realistic possibility.

Are BMP’s the best approach?

The goal of water quality protection programs is to
meet standards in the most cost-effective way. BMP’s
are an administrative approach to reaching this goal.
Specifying BMP’s to cost effectively reach water quality

& It should be mentioned that states that have performed formal
surveys of BMP implementation may tend to be those that have taken

a more proactive stance in explaining the practices to forest managers
and operators and in promulgating their use.
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standards requires an understanding of the complex
relations between land disturbance and downstream
water quality, as well as of the costs of alternative
practices. The complexity arises in part from the diffi-
culty of (1) distinguishing among the individual causes
of water quality degradation in a watershed to know the
contribution of each area and land practice (a formi-
dable task for “nonpoint” source pollution) and (2)
separating natural from management-caused water qual-
ity degradation in the context of a variety of weather
events. Monitoring of water quality is essential to
understand the relations between land disturbance and
water quality. By observing the effect over time of
precipitation events on water quality downstream of
disturbed and undisturbed areas, scientists and land
managers can improve their understanding of these
relations. This improved understanding can then be
used to reassess BMP guidelines so as to more cost
effectively reach water quality goals in the future. This
iterative process of BMP specification, use, monitoring,
and then fine-tuning of BMP specifications for future
applications is the key to cost-effective BMP use and
effective water quality protection. It relies heavily on
gradually improved understanding of the effect of site-
specific land management controls on downstream water
quality.

Some have called for sufficiently extensive moni-
toring programs that compliance could be judged di-
rectly in terms of meeting water quality standards rather
than in terms of applying required BMP’s, With achieve-
ment of water quality standards as the criterion, land-
owners would be free to choose the most cost-effective
practices on a site-by-site basis to meet prescribed water
quality standards for the larger watershed in which the
sites are found. However, this idealized approach
would only be workable with sufficient water quality
monitoring to isolate the specific land area source of the
problem and to determine whether the water quality
degradation would have happened even in the absence
of the land disturbance. Providing such detailed infor-
mation would require continuous long-term monitoring
of both treatment and control sites at many points along
the stream network. Applying a comprehensive moni-
toring program like this over the many areas subject to
harvesting and heavy grazing would be very complex
and costly. Another problem is that the water quality
impacts of land disturbances may not occur until ex-
treme weather conditions develop, which may happen
several years after the disturbance. The practical solu-
tion has been to (1) prescribe land management prac-
tices (i.e., BMP’s) that careful studies and professional
judgment indicate will control nonpoint source pollu-
tion to within standards in most cases, and then (2) to
reassess BMP gnidelines as new information becomes
available. Although the goal of the water quality pro-
gram is to keep water quality within the standards, the



immediate objective of the program then becomes the
implementation of prescribed BMP’s.

Water quality standards are cost effective when they
are met accurately, without over- or under-constraining
land management. The cost of overconstraining land
management is in the waste of resources and consequent
loss of income on the part of the landowners. The
potential cost of underconstraining land management is
in the effect of poor water quality on aquatic organisms
and downstream water users.

Common procedures for checking BMP compliance
and effectiveness may tend to limit the cost effective-
ness with which water quality standards are met. Com-
pliance and effectiveness surveys usually focus on
whether or not the goal was met, not on the accuracy
with which the goal was met. Exceeding the standard
tends to be regarded as a bonus of BMP use, without
regard to the cost of implementation. Where BMP
implementation is costly and exceedance of the stan-
dard is not of comparable value to the cost of exceedance,
evaluations of effectiveness of BMP's should measure
for over- and underachievement, and future BMP re-
quirements should be adjusted up or down to allow
more cost-effective future achievement of the water
quality standards.

The costi effectiveness with which BMP’s meet wa-
ter quality standards also depends on how well the
BMP’s were chosen for a given condition. The more
carefully BMP’s are tailored to the site-specific condi-
tions, the more likely that they will cost effectively
reach their stated goals. Because the professional exper-
tise to carefully select BMP’s is costly, BMP’s are often
specified for large geographical areas (such as counties
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or multicounty regions), although nonpoint scurce pol-
lution in specific sites within the larger area may be
maore inexpensively controlled with one set of BMP’s
than another. This is not the fault of the BMP ap-
proach—rather, it is a matter of how BMP’s are speci-
fied. The more carefully they are specified for a given
site, the more cost effectively the water quality stan-
dards will be met, all else equal.

BMP specification must, of course, deal with the
complex area of risk. The extent of water quality
degradation resulting from land disturbance depends
on whenunusual precipitation events occur. There will
be some risk that a severe event could occur soon
enough after the land disturbance to cause serious
increases in water quality degradation, over and above
the background degradation (without the disturbance)
that such an event would cause. BMP specification
should somehow incorporate an understanding of these
risks and reflect a judgment about the level of risk that
society is willing to accept.

Costs to the landowner are not the only costs of BMP
implementation, Specification of site-specific BMP’s
by a trained professional, and periodic adjustment of
the level of BMP implementation to more accurately
attain the water quality goals, can also be costly. These
costs should be compared with the costs of
overconstraining land management practices to help
determine the most efficient level of professional assis-
tance needed in carrying out a BMP program. However,
as a general rule, the availability of well-qualified per-
sonnel at the field level is probably the most cost-
effective approach to meeting water quality standards.



Chapter 11

Benefit-cost Comparison of Water Pollution Controls
on Forestland

The preceeding discussion of BMP programs fo-
cused on the cost effectiveness with which BMP’s are
specified and implemented to assure that water quality
is within water quality standards. That discussion
assumes that water quality standards are to be met
regardless of the costs. This chapter steps back to
compare, to the extent possible given existing literature,
the benefits and costs of BMP use. This benefit-cost
comparison adopts the perspective of economic effi-
ciency, rather than the more limited perspective of cost
effectiveness. Economic efficiency focuses on both
benefits and costs. It attempts to do so regardless of to
whom the benefits and costs accrue, and regardless of
whether the benefits and costs are for goods and services
traded in established markets.

The cost of adhering to BMP’s may turn a financially
profitable timber sale or other operation into a money
loosing endeavor, leading to pressure to relax the BMP
requirements, However, the effect of BMP constraints
on financial returns is not sufficient justification for
relaxing BMP specification. It may be that when the true
social costs of a sale are tallied, they exceed the benefits,
and the sale should not go forward. However, it is also
feasible that at some sites the costs of BMP use exceed
the benefits of that use. That is, the costs of BMP
implementation (increased road construction cost, de-
creased harvest, etc.) may exceed the cost of the onsite
and downstream damage that the BMP’s would avert. In
this case, it may be reasonable to relax the BMP specifi-
cations to the level where the benefits from their use
equal their cost.

Section 319 of the Clean Water Act requires the state
reports to describe “the process ... for identifying best
management practices... and toreduce, to the maximum
extent practicable, the level of pollution ...” (33 U.S.C.
1329(a)(1)(C)). It is not clear what criteria should be
used to determine practicability. In particular, should
economic considerations enter in determining “practi-
cable” level of control? Because the act also encourages
callection and sharing of “information concerning the
costs and relative efficiencies of best management prac-
tices for reducing nonpoint source pollution™ (33 U.S.C,
1285 (1)), there is some suggestion that economic data
may be relevant in decisions about BMP specification.

Identification of the physical effects of water quality
degradation, and estimation of the social costs of those
effects in monetary terms, is a difficult task likely to
yield only rough approximations of the true values.
Nevertheless, even a rough comparison of such costs of
water quality degradation with the costs of avoiding the
degradation might provide useful input toward deci-
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sions about control efforts. We present a rough compari-
son here, focusing on erosion, which is the principal
water quality effect of silvicultural and related con-
struction activities.”

The offsite costs of erosion from various causes have
been estimated for specific locations by many authors.
Clark et al. (1985) summarized many of these estimates
and extended them to the entire area of the 48 contermi-
nous states, and Ribaudo (1986) updated and reorga-
nized these estimates. For sediment and associated
categories of nonpoint source pollution, Ribaudo esti-
mated the annual damage cost from erosion of various
causes tobe from $4.4 billion to $16.1 billion, with abest
estimate of $7.6 billion (adjusted to 1985 dollars using
the GNP deflator). As the range suggests, the authors
recognize the considerable difficulty of estimating such
damages. And the difficulties of extrapolation of site
specific studies to other areas is an acknowledged prob-
lem (Devousges et al. 1992). In any case, the magnitude
of total impact is impressive. Damages to recreation and
fishing account for about 40% of the total best estimate;
damages to water storage and conveyance facilities,
ditches and canals, and navigable channels sum to 30%;
damages to municipal and industrial users are 17%; and
flood-related damages are 13% (table 15).

Ribaudo (1986) disaggregated the table 15 estimates
to regions of the United States, and expressed the dam-
age estimate on a per-unit of sediment basis. Regional
estimates range from $0.57/Mg for the Northern Plains
states to $6.45/Mg [or the Northeast states (table 16).
Higher costs per Mg were associated with important
fishery resources and heavily populated areas. Across
all 10 regions, the damage estimate is $1.60/Mg. Erosion
source areas for the damage estimates of table 16 in-
cluded cropland, pasture, rangeland, forests, construc-
tion sites, mines, quarries, and stream banks. Neither
Clark et al. (1985) nor Ribaudo (1986) specified how
much of the total damage is attributable to forests and
rangelands. Table 7 lists the average sediment dis-
charges from the different types of land, but costs
per Mg are not necessarily proportional to discharge
rates. The costs per Mg should be higher for those land
types where the sediment is more likely to carry other
constituents of water pollution, such as pesticides,
salts, and toxics. Such constituents are more likely tobe
attached to soil leaving farms, mines, and urban areas
than to erosion from forests and rangelands.

Ribaudo’s estimates of damage per Mg indicate the
benefit of reduced erosion and associated contami-
nants, assuming a linear damage function. The benefit
of reduced erosion can be compared with estimates of
the costs of controlling erosion on forestlands to allow

? For a natiarial benefit-cost comparison focusing on point sources,
see Freeman {1982).



Table 15.—Annual offsite damages from erosion for the 48 conterminous states {1985 doilars).?

Million Percent

Damage category dollars of total
Freshwater recreation® 2,018 27
Marine sport fishing 591 8
Commercial freshwater fishery 59 . 1
Commercial marine fishery 378 5
Water storage facilities® 1,171 15
Dredging navigable waters 726 10
Flooding? 948 13
Crainage ditches and culveris® 228 3
Irrigation canals' 114 2
Municipal and industrial water use? 1,315 17
Irrigated agriculture® 30 <1
Total 7,564 100

2 Source: Ribaudo (19886), who relied heavily on Clark el al. (1885).

s Damage to fishing, boating, and swimming.

< Costs for lost storage capacily (where replacement is infeasibls), replacing lost storage capacity,
and dredging.

< Damage from increased flood heights due to channel aggradation; increased fiood volumes due
fo sediment loads, direct sediment damages, and reduced agricuftural activity.

¢ Based on the cost of keeping them clear.

* For sediment removal and increased weed control.

?Based on damages and on the cost of removing sediment and associated contaminants to
acceptable levels.

* Based on costs of salinity.

Table 16.—Annual offsite damage from soil erosion, by region (1985 dollars).

Damage from Erosion from Damage
all sources all sources per Mg
Region {millions of doilars) {millions of Mg) (dollars)
Appalachian 566 446 1.27
Corn Belt 091 894 1.11
Delta states 517 216 2.40
Lake slates 553 167 3.53
Mountain states 868 925 0.94
Northeast 1099 171 6.45
Northern Plains 351 619 0.57
Pacific 1441 617 2.34
Southeast 343 230 1.48
Southern Plains 837 452 1.85
Total 7564 4736 1.60

Source: Ribaudo (1986).
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a rough benefit-cost comparison. Erosion control costs
have been estimated in several forest areas, including
those of the following five studies. All costs have been
adjusted to 1985 dollars using the GNP deflator.

1. Hickman and Jackson (1979) estimated the costs
to timber owners of reducing erosion from the roughly
150,000 ha of commercial forest land in Cherokee
County in northeast Texas. Costs were in terms of
reductions in income resulting from restrictions on site
disturbances. Erosion was estimated for the 18 relevant
soil types using the universal soil loss equation (USLE),
but no attempt was made to determine what portion of
the soil loss would be transported to streams. On
average, these costs were about $10/Mg for initial reduc-
tions and higher thereafter. These costs are over 5 times
the Southern Plains states’ damage estimate (table 16) of
$1.85/Mg. Expressing the cost in terms of units of
sediment reaching the stream, rather than in terms of
onsite erosion, would increase the estimate of cost per
Mg and further weaken the case for the erosion control
practices analyzed.

2. Miles (1983) compared the costs of implementing
6 practices (water bars, broad-based dips, buffer strips,
culverts, skid trail and landing design, and seeding of
roads and landings) on 2 timber sales, a 40 ha area in
Minnesota, and a 52 ha area in Michigan.® Using the
USLE to estimate erosion and sediment loading factors
to estimate sediment delivery to the stream, and assum-
ing that the 6 practices would completely avoid the
harvest effects, Miles concluded that the cost of the
avoided sediment was $69/Mg for the Minnesota site
and $39/Mg for the more erodible Michigan site. These
costs are considerably above the Lake and Corn Belt
states’ average damage estimates. o

3. Ellefson and Weible (1980) estimated the cost of
implementing BMP’s during a timber harvest ofa 42 ha
area in Minnesota. The cost was about $26.50/ha for
filter strips, seeding, and improved skid trail design and
implementation. Given the Lake states’ damage esti-
mate of $3.53/Mg, the BMP’s would have to prevent
about 7.5 Mg/ha of soil reaching the stream for benefits
to match costs. :

4, Lickwar et &l. (1992) estimated a cost of about $29
ha for implementing currently required BMP’s on 22
timber sale areas in 3 southeastern states. Given the
Southeast states’ damage estimate of $1.48/Mg, the
BMP’s would have to avoid about 20 Mg/ha of soil
reaching the stream.

5. Olsen et al. (1987) estimated costs of implement-
ing proposed Oregon forest practice rules on a represen-
tative 541 ha industrial forested watershed in the Or-

8 Ellefson and Miles (1985) estimated the cost of these 6 forest
practices for 18 timber harvests on 9 Natianal Forests in § Midwest
states, including the two mentioned here. However, they do not iist the
sizes of the sale areas, so we could not put their cost estimates on a
comparable basis o the other studies.

egon Coast Range, The rules would increase restrictions
on harvesting and related activities in riparian zones ta
improve soil stability and protect habitat. The least
expensive option they evaluated essentially was incor-
porated as BMP’s that became required by state law in
1987, shortly after the study was completed. Costs of
this option were in terms of increased road and harvest-
ing expenses and decreased harvest valume. Depend-
ing on the size timber on the site, the cost of implement-
ing these restrictions varied from $250 to $595/ha.®
Given the Pacific states’ damage estimate of $2.34/Mg,
the restrictions would have to avoid from 100 to
250 Mg/ha (depending on timber size) of soil reaching
the stream if the implementation cost were to be com-
pletely covered by offsite water quality benefits.

The simple benefit-cost comparisons are summa-
rized in table 17. The Texas study by Hickman and
Jackson (1979) directly estimated onsite costs to timber
owners per Mg of avoided erosion. Costs were consid-
erably higher than the offsite benefits. This study
evaluated alternative harvest and site preparation prac-
tices rather than typical BMP’s. It presented results on
an average annual basis for the county as a whole;
therefore, it is not directly comparable to the other
studies, which emphasize BMP’s and erosion during
and shortly after harvesting activities. The costs esti-
mated by the other studies suggest that, for offsite
benefits to equal onsite costs, erosion reaching the
stream would have to be from 7.5 Mg/ha (for the Michi-
gan study by Ellefson and Weible 1980] to 20 Mg/ha (for
the Southeast areas studied by Lickwar et al. 1992) to
107 Mg/ha or greater for sites with larger timber (for the
Oregon study by Olsen et al. 1987). In the studies
summaried in the previous chapters, the short-term
effects of harvest and related activities on sediment loss
ranged from only about 0.05 Mg/ha/yr for some Colo-

_ rado sites to from 4 to 14 Mg/ha/yr for most of the
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Southeast sites and 13 Mg/ha/yr for an Idaho site.
These rough benefit-cost comparisons suggest that
the cost of avoiding stream sedimentation and associ-
ated water quality degradation on forestland often ex-
ceeds the offsite benefits of doing so. However, this
suggestion must be qualified. The following factors
support a more positive view of use of the practices, at
least in some areas and to some extent in any given area:
(1) The damage estimates are averages over large areas.

‘Some site-specific damages (such as bridge failures)

may significantly exceed these averages. (2) The dam-
age estimates do not include effects on the downstream
ecosystem (except for the associated impact on fishing
value). Economic studies indicate that the public as-
signs considerable value (called “existence” or “intrin-
sic” value) to maintaining good water quality (Fisher

¢ Another, less detailed, Oragon study (Gariand 1987) of a similar
level of additional riparian zone protection estimated a cost of $1240/
ha.



Table 17.—Comparison of offsite benefits lo onsite costs for forest erosion control practices

{1985 dollars).
Onsite costs Ofisite  Erosion avoided
benefit to break even

Study State {$/ha) ($/Mg) ($/Mg)* (Mg/ha)
Hickman and Jackson (1979) TX na 10+ 1.85 na
Miles (1983) MN 99 69 3.53 283

Mi 101 39 1.1 a1
Ellefson and Weible {1980} MN 26.50 na 3.53 7.5
Lickwar et al. (1991} AL, GA,FL 29.00 na 1.48 20
Qlsen et al. (1987) OR 250+ na 2.34 107+

na = not available.

# From table 18,
and Raucher 1984). (3) The damage estimates do not
include onsite costs, such as long-term loss of soil
productivity.” (4) The damage function is not necessar-
ily linear; initial reductions in water pollution may be
worth more than the average per-unit reduction. (5) The
cost function is not necessarily linear. Hickman and
Jackson (1979) and Miller and Everett (1975) found that
the marginal cost of reducing soil loss increased as
additional erosion was controlled. Initial reductions in
erosion will typically be less costly than the average
costs listed above.

Conversely, the following concerns reinforce a skep-
tical view of BMP's on some forest land: (1) The costs
listed are onsite costs and do not include the agency
costs to inform forest owners about BMP’s, to adminis-
ter a nonpoint source pollution program, and to monitor
compliance with BMP’s. Lickwar et al. (1990), for
example, found that in 1987 the 13 southern states spent
about $935,000 on such forestry-related activities (see
table 14), and at the time only one state (Florida) was
regularly monitoring and enforcing BMP’s. Several
states indicated that their activities would increase after
1987. (2) Casts per Mg of erosion from forestland are
likely to be lower than those for many other types ofland
because fewer other water quality contaminants are
attached to soil from forestland than to soil leaving
farms, cities, etc. (3) The damage function is not neces-
sarily linear; initial reductions in water pollution may

% Forest activities that increase sediment movement to streams,
such as intensive site preparation after harvesting, can alter forest
productivity. Early studies that examined very severe treatments, such
as windrowing that removed several inches of topsoil, found significant
declines in site productivity that produced substantial costs of reduced
future timber vields (Dissmeyer et al. 1987). However, more moaderate
application of the same types of site preparation (such as windrowing
only of slash, with rinimal topsoil removal) do no! appear to decrease
productivity (Allen et al. 1991, L. Morris, University of Georgia, per-
sonal communication). In ail cases, the reduced productivity came
from the movement of soil and nutrients into windrows (typically 150 to
200 Mg/ha of soil moved), rather than from erosion losses from the site
(typically less than 5 Mg/ha of soil). Therefore, we expect that erosion
does not result in any direct cost of reduced productivity onsite,
aithough high rates of erosion may coincide with poor treatments that
do affsect site productivity (Dissmeyer 1985).
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be worth less than the average per-unit reduction. For
example, Ribaudo (1986) suggests that reductions in
erosion do not significantly improve fish habitat and
recreation quality until the sediment level falls below
some threshold.

This benefit-cost comparison is not precise enough
for site-specific recommendations about the use of BMP’s
or for general conclusions about the economic effi-
ciency of BMP implementation. First, the regional
average estimates of benefit received from water quality
protection are rough at best. Second, the benefit esti-
mates are especially general, each covering a very large
geographic area. The variability between regions, in
damage per unit of pollution (e.g., Mg of sediment)},
probably is less than the variability among site-specific
locations within regions. Each region may contain
specific locations where the benefits exceed the costs
and other locations where the reverse is true. However,
the benefit-cost comparison does suggest four direc-
tions for future consideration of BMP implementation:
1. The BMP’s recommended or required for specific
locations should reflect the characteristics of the site.
Treating large geographical areas as homogeneous units
in the selection of BMP’s may lead to unwanted water
quality degradation at some sites and over-spending at
other sites. Implementation of BMP’s should focus on
those forest areas with the greatest potential benefits.
2. Selection of BMP’s should be based on the down-
stream impacts of water quality degradation as well as
the more easily observed onsite disturbances. Across
sites, the damage per unit of polluting substance that
leaves the treatment site varies widely. 3. At specific
sites, initial expenditures on BMP’s may be most effec-
tive. Atsome point, the marginal benefit of increasingly
more stringent controls falls below the marginal cost of
their implementation. In any case, more careful eco-
nomic comparisons should certainly be performed to
better understand the marginal costs and benefits of
specific BMP’s for various types of land areas and
management practices. 4. Better estimates of the costs
and benefits of BMP use are needed.
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Appendix

Table A.1 lists selected characteristics for 43 relatively undisturbed
forest and rangeland USGS benchmark stations. The map number listed in
the table indicates the location of the station as seen in figure A.1.
Table A.2 lists mean annual values for selected water quality parameters
for the benchmark stations listed in table A.1.
Tables A.3 - A.8 summarize the findings for key water quality parameters
at experimental watersheds in the 6 regions corresponding te Chapters 3-8.

Explanation
Number shown refers to station )
number listed in table A.1 ¢ 500 Miles
-~

0 500 Kilometres

Figure A.1, Locations of hydrologic benchmark statlons draining areas largely covered with
forest or rangeland vegetation.
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Table A.2.—Mean annual water quality at selected USGS benchmark stations.

Map Periodof Temp Conduc Blcarbon Disssol DissO DissN S8
Region State number record* (°C) pH (mic/icent) (mg/l) (mg/1) (mg/l) {mg/y (mg/l)
Southeast
AL 2 §5-86 14.33 7.20 684.98 43.23 49.87 10.25 0.21 22.41
AR 5 66-88 15.03 8.05 265.22 163.62 149,12 .85 0.12 7.67
AR 4 67-88 16.70 7.09 73.12 20.00 27.67 9.0 0.20 3.63
FL 11 64-88 18.50 5.34 73.43 27.90 42,32 7.90 0.23 6.27
GA 12 64-87 15.55 7.15 117.49 61.78 79.18 9.26 0.24 22.15
LA 19 64-88 17.96 6.44 39.70 13.56 39.66 8.8 0.44 36.01
MS 24 66-86 18.14 6.05 24.44 4.02 23.27 8.90 0.42 36.30
NC 34 67-86 9.46 673 = 1512 6.31 16.33 10.54 0.33 8.75
TN 8 64-87 12.23 6.80 18.30 7.71 14.79 11.00 0.42 15.14
VA 52 67-88 12.75 6.82 37.25 16.06 32.55 10.62 0.46 6.54
Northeast
ME 20 64-86 7.68 6.47 2417 6.65 19.86 11.56 0.14 453
NJ 30 64-88 10.23 418 50.20 0.15 18.24 4.56 0.26 3.4
NY 33 64-86 8.98 6.87 54.34 13.40 30.37 11.68 0.73 7.50
PA 42 §5-87 8.72 6.82 40.54 9.59 26.24 11.49 0.65 5.66
Midwest
IN 17 68-85 12.79 8.01 472.98 205.97 282.03 10.88° 2.33 60.39
MI 21 65-88 7.58 7.42 133.20 75.12 86.66 11.07 0.67 6.37
MN 2 66-87 10.31 7.02 32.44 13.18 23.21 10.03 0.29 2.85
OH 37 64-88 13.00 6.89 101.02 15.33 64.60 10.43 1.02 29.56
Wi 85 64-87 8.45 7.36 168.38 25.51 98.78 10.34 1.02 575
Great Plains
NE 27 66-87 11.42 7.70 175.25 101.45 153.50 9.55 1.28 590.60
OK a8 65-88 14.60 7.28 165.61 67.46 104.05 9.20 0.38 15.21
OK 39 65-88 15.94 6.87 26.76 8.51 22.80 9.45 0.27 12.289
SD 45 64-88 6.10 8.26 467.32 296.35 251.78 10.19 0.51 59.65
™ 50 64-88 18.74 7.82 469.14 267.32 253.91 8.81 2.31 85.72
TX 49 67-86 198.36 7.44 164.84 69.11 116.00 9.30 1.55 561.00
Racky Mountains
Cco 9 64-85 4,37 7.37 96.27 44,03 48.65 8.98 0.57 7.56
Co 10 63-86 4.08 7.45 73.93 32.37 44.35 9.79 0.47 4.39
1D 15 85-88 6.70 7.48 64.90 20.00 50.00 11.35 2.31
1D 16 85-86 6.69 8.18 153.13 55.00 120.00 10.93 226.00
MT 26 77-87 8.0¢9 8.28 1150.81 315.55 794.70 9.39 2.25 106.07
NV 29 68-88 6.99 8.31 317.89 197.52 180.19 9.39 0.64 41.78
NV 28 67-88 6.76 7.93 122.42 66.10 85.22 9.62 0.30 39.64
uT 51 64-88 7.32 8.15 593.02 278.30 370.98 9.92 34 199.91
WY 56 65-86 3.76 8.28 2315.50 208.26 178.82 10.55 0.13 28.23
WY 57 64-88 5.70 7.33 63.43 32.84 44.47 936 0.12 6.56
Pacific Northwest
WA 54 65-86 6.10 7.27 73.87 32.25 46.18 12.10 0.09 10.24
WA 53 71-88 2.99 7.58 47.11 28.98 37.44 11.46 1.66
CR 41 66-87 6.77 7.40 49.11 30.45 46.54 11.60 0.13 11.53
Pacific Southwast
AZ 3 68-88 16.34 7.84 260.29 141.76 170.41 8.68 0.20 5.39
CA 7 68-88 7.00 6.69 22.28 8.55 20.10 10.92 0.13 2.21
CA G 68-88 10.79 7.65 111.03 61.86 73.64 10.42 0.48 11.65
NM 32 64-88 5.57 7.66 101.25 51.93 681.34 9.61 0.10 28.45
NM 31 67-88 11.23 7.61 109.42 43.94 80.31 9.36 0.16 14.92
mean 10.51 7.27 163.28 75.79 104.33 9.96 0.56 54.29
st dev 4.62 0.79 205.96 87.17 133.58 1.28 0.59 123.95
min 2.99 4.18 15.12 0.15 14.79 4.56 0.09 1.66
max 19.36 8.31  1150.81 315.55 794.70 12.10 2,33 590.60
coef of var 0.44 0.11 1.26 1.15 1.28 0.13 1.04 2.28

4 Beginning and ending year of collection of data for this table. The number of months in any one year
during which a sample was taken varies across stations and constituents within the range from 0 to 12.

20



86 L UBMS
8861 Spep
PUE YUemS

9000 M
09°}-S/0&D

SL'0-10°0

wewgesi)
By

60-00M
SE'L-L'0BD

000

uoReIqIRD

BY 6G !-SM
‘Umoibal aoddon

65'9 °0IS
PO} 10
51'05°08
£00°0 40d
S00°0 N"HN
550N

001 BN
og'0 B
66'0€D

280

QL

ey 6 !9-SM .co._mmmuo:m
15810}-0)-$SBID)

Zr's oS
89°0 12
FLO wHOm
8000 &'Od
£00°0 N'HN
250N

90’} BN
9c°0 BN
1590 D

<00

JA0L

BY 91 {1-SM ‘euid alum

601080508
1000 d'Od
£00°0 N'HN

€20 M
8O EN
020 B
9g'0eD

8100

G'g Hd

0L

LEL} youny
'1SPZ Ldd BY 62
{L2-SM ionueD

08'81S AL
99010
51'0 508
2000 d Od
2000 N'HN
050N
ZTLEN
£e'0 B
85080

£00°0

£'EHd

JAQL

¥58 Jouny
‘BLLt 1dd ‘U gl
Z-5Mm ‘lonuo)

‘N ‘BI0OMOD)

soualeey

{/Bw)
${eIIWaY9 JoYD)

(/8w)
N-31B4N

Hd
aunjesedwa)

{NLN) Aupiqany (7/6w)
Judwipss pepuadsng

potiegd

(wiw) youru
Slwea) 1 dd {ey) eese
peysialem juawesl ]

uogeao

*$3JUS U1 $IDUBISISUOOU) BY} 3ousy ‘BiqenEA aynb §) |B19P 1O oA

'Sl pajiuf WIASEaUINOS A} Ul SPaLYSIaleMm (jews 10} sidtaweled Ayjenb lorem Ae)—¢ v alqe]

91



2861 uosie
pue saqsIS

9e'0

NLN 850

1A

pabibo) %u6/ <

€80

NIN {70

AL

pabboj %52 >

LoLevos
S-S0

52 L-G2'0 BN
S 0-10 6N
§1-520ED

S0

NINSe

A

0CY} idd ‘W 005 Je speysialem

Nied [euoleN

6¥

NiN €0

Ly

0052 Ldd ‘W 00S } 1B Spaysiajem

ureIInNow
Aows 1e8.n

LZ6E
1aSSaW pue YImg

WINLIXEW Ul
SOSBIINU O €

1A3s119

ApIKGISY + INKHes|D

19010
50§08
£00°0 d'0d
$00°0 N'HN
¥SOM
Z1ILeN
o0 B
¥0' 1L BD

§000

esf |

BY 02 '0b-SM
‘poompiey pabie-usasun

o't ‘OIS
oL
8€'0 508
100°0 d'Od
+00°0 N'HN
8E°0 Y

¥9'0 BN
€0 B
£L°0€ED

810

BY bt LE-SM ‘UmoiBal soiddoD

2r9%os
e 10
9108’08
2000 n_.On_
$0°0 N'HN
6E°0 M
6470 €N
£2'0 By
i50eo

€10

oL

BY £L IL1-SM “ould SHUM

aouasejey

{1/6w)
S|ROJWAYD JISUYI0

(71/6w}
N-918J)N

Hd
ainjesodwa)

(nLN) Aypiqang {(/Bw)
Juawipes papuadsng

polag

{ww) youna
Hwuw) | dd i{ey) ease
paysiaem juaunean)

uoiRIo}

panujjuc)—'¢'y 3|qe L

92



9961 SWENIM
pUe Maysy

2's0d
100> dl

, 80°0L
508 £50°0 N'HN
SLZM

oz bn

6.8D

O

2's Hd

Mg

pabbon

05 0d

100> d1

. g5
S'0S #20°0 N'HN
B0
sebweoLen

6% Hd

Kz

paureiq

L's0a
100> dL

, 560l
S'08 £p0'0 N'HN
080 M
A
5GED

i¥'0

¥p Hd

Az

15910} poompIey ‘joquon

28 ‘Awnog
umolaBioan

286} “[e je Jslyoy

£0°0 n_"on_
£0°0 N'HN

€00

1Lg

pewing #quosaud pue jojuos

08 ‘I1saiog
[Bewuadxgy
ssjueg

6861
iauin] pue poomg

,95L'0NL 1000
d'0d 220'0 N'HN
EL°0M

8P'0 BN

'8 B

gLen

45070

g

€14 youny
‘89€1 Ldd ‘B §°/6 fonuo)

NL ‘Uoue.g Jaxem

6861 "2 10 seybny

82> .0L
6020 qO8
90°0-10°0 dOd
20-0N'HN

NLN 61-} VBw g1-1>

6861 Udle

(ey ¢2) 152004

£ | puewaq uabAxQ
[eatbojoig

£0°0d [ejoL
LONONYN'HN

'L N IBloL

NN 02 16w 621

B8861-G961

{(u 00z} 188104

ON Awno) 18ieuen

souaiaay

(16w)
S{EIIWAYD YO

(y/Bwi)
N-elRIIN

Hd
aumeledwse)

(NN} Aupigan] {(q/6w)
Wewypas papusdsng

Paled

{wue) youna
S(ww) § 44 (ey) vese
poysiajam juaiuees)

uaeo0

panupuod—¢-y ejqeL

93



S0'0-20°0 dL
SP'L-EL L AL
£0'0-00'0 d.0d
S1°0-90°0 N'HN
80520

eF 1-22°0 BN A Jeai 919 JOUNY ‘0C¥E 1dd ‘BY $9
BE'0-02°0 BD ¥0'0 9't Hd VbW ¢ -1sod 2 faedual wWnuiu ‘jsaAeH

200 dL
S1L NML
200 n_”on_
SFONHN
PLOM
L 05N £86 Jouny (001 1dd
£86 U 090BD £0°0 g¢ Hd (oBeione [2nuuE) /Bw £ e tey zg1 dseany sud lonuon | 14 “Aunod piojpeig

6904

100> dl

. .
S0S WwO'ONHN
S M

A

SSED 8¥'0 #'GHd ¥ 150105 suid pIO

¥s0a

130> di

. |29
S 0SS 2200 N HN
oeM

£2 N

£'sen SO0 g'g Hd Kz 1sa.o} aud Gunop,

L'500

LO'0>dl

* 16
S 0S 9200 N HN
' 9 Fmv_
Z2¢bn

09ED 0z'0 g5Hd Kz pesedeid ayg

{wnu) gouns
(7/6w) (1/Bw) Hd (NN} Asprqany i(/Bui) H{ww) Ldd ‘{ey) eas
asugey S[eIIWSY? YD N-elelliN aumesadway juswpas papuadsng poliad paysiojem juawesd ] uopeao’]

penuguoD—EY eqeL

94




2861 Ayna
PUE JagIaIyaS

91-9 001
St-0Z Q00
820°0-920°0 dL
£2°0-£1'0 N'HN
MOYULIOIS

200-10°0
MOJJULIOIS

9cc-6¢
‘Pes dsns moyuuolg

IEjurel W ge|
By 18C-6F'L

(spays.alem g)
mele °d
epae} 4

widississig N

Se61
B 18 UBNIOW

€81 MOjULOIG

1seAley
1sod 1A g-1

pelseAreH

28 MOYULOIS

Heg

51508104 ouId ‘S|0AU0D)

NL ‘1se104 ajelg
80BI] ZaYMEN

286 UOSLOH

pLe yamaH

Y861 ‘e 13 NoimoH
261 ‘B 18 N8imeH

§50dL
vE'L N

6P PEN

£F't By
ge'ced

S¥0°0

JAg

pouad A1ar023Y

Ze0dL

e LM
sv'v BN
8¢’ By
68'2 8D

2200

18JLIMm 1 9SESI0D
wnwxew

T 9 BWWNS

Ul SSEAIIUI
WnuwixXew Do ¢ 1

Kz

£20dl

052N
65°G BN
£ B
6FEED

£¥0°0

JA L
‘uoneiqiED)

BY G'ZE ‘IN0sRBID

190-620dL

£S2-821 M
oF'9-GG'G EN
¥8'2-952 BN
G6'9-96'G ©D

951°0-8L1L°D

A9

ey 52 ‘158104 auid ‘jojuon

¥ ‘158104 JUeKD)

20°0-10°0 dL
S0'L-28°0 NML
L00-00°0 n_”o¢
60°0-80'0 N'HN
L0-5P 0 M

L2 1-98°0 BN
§9'1L-68°0 BD

S0°0

I'¥ Hd

JBw gL

1A jean
Jsod z

959 Jouny (00F |} Ldd ‘BY sk
Soedun wnwxew ‘1seaey

eouaIOH

(1/0w)

S|BINUSLD JFIO

(1/6w)
N-S12IIN

Hd
anpeiedwa ]

(NLN) Anpiqiny i(/Bw)

Juswipes pepuadsnsg

popad

{ww) youns
H{ww) Ldd (ey) esse
paysJaem juesureal)

uopEI0

penupuod—-gTy 8jqag

95



(lu 0O/} SULONOD [E10] 101,

1w gres LBl
V6w gogz 96l peppaq ‘1SoAleH
bW ves 1161
bW 882 9/61 paneays 1seAleH
7/Bw 0/9 2161 .
Bw Livz 8/61 peddoya ‘1seneH
/6w gee L8} S
6.6 As|seag 1/Bw zzZ12 9781 18810} auKl/pOOMPIBY “|0JMIOD ‘upeld peiseoo seddn
{ww} youru
{1/Bw) {1/B6w) Hd {NLN} Aupiqany (7/Bw) Hww) Ldd i(ey) esse
JIUDIRJOH S{BIIWISYD J13YID N-2]BlIN simueiedwe | juawpas papusdsng poudy paysialem fjuauneal} UoRE201

panupuo—E'Y alqel

96



2861 neosuqg
PUB BOUAIMET
1861

‘[e 18 oaquioH
0L61

‘e 18 sueyI

L5010
ELZ 508
820°0 N'HN
£20M

221 BN
£¥'0 By
00’2 B

{ev bu)
¥l

LA

maduig

0ZIv
L5701
SLOI0
£2'L 508
¥0'0 N"HN
962 M
¥S'L BN
S5'1 By
552 8D

6L

ITEITT
-aud px

8961-2861

G4 IY

9's ‘o8
680 10
L2} S 08
S0°0 N"HN
261
15 L BN
ge"L S
SP'9eD

A

wnwnew
POSE8IIUI D, |

NLlN £0-0

wauea)
-aud $x

£961-9961

220 IV
Fros
¥S010
L2208
¥ION'HN
61°0
80BN
LE°06W
18’1 eD

120

winwXew
peseassul 9,

9961-9961

(zm) perelaBanaq

001-0E

(2:)00a [eml
£E0-210 IV
55-g'€ °0S
85°0-65°0 10
¥12-002 S°0S
80°0-20°0 N'HN
920810 M
EL'L-09°0 BN
L+ 0-58°0 By
08 i-L2'1L 8D

4y

NLN 600

weaqs
eyl g

8961-5961

15910} pOOMPIEY
(9m-v) 1001000

HN
‘Jooig pieqgny

8oua)ay

{/Buy)
$|B2 1WAy PYID

(1/6w)
N-9lesUN

Hd
aimeiadwe)

(NN} Aupiquny
t(/Bw) yuawypes
papuedsng

{14/21/B%)
uoisoig

pouagd

{unu) yound {(ww) 1 dd
(ey) BagE J91EM SJUBWRAEI )|

uoneso

"BPEUEY) L8]SB3 pU "5M) UIB)SBAYLIOU 8yj uj SPeYSISIEM [[es Jo) sispowrled Aijenb sajem Key— 'y siqel

97



5861 e 18 youly
0661 N8qIoD
pue youdy
561

A T 'Rieyoul] |

618’08

. BN

06°0 BN
6¥L by
SI'EBD

WAKXBW 80
‘efrioae g0°0

iseaey
eed JA g-L

PEISBAIEY PYSIGIEM 10 %EY

2928’08
960
£0°L BN

gzt

186D

B

Ke

1SB.0} POOMBIBY PaxXiw 'j0Jua)

vd ‘efpiy Bupee

861

210 URIEW

TL-1o

1808}

0o
SI-€08BN

srzobn] -

2199

S 0ZoN10

Mz

SPOOMRUEY LIBLLIOU
‘peIseArRY pue [0QL0D)

STS10
e-18'08

10 )
SZGOEN

€500

1Zg1%

SoMi0 |

LY

150,04 JOpU0D
‘pEISaArey pue josjuoT)

gzeimd|

zee8'08
THTON
SZSIEeN

reobn]
L SRy

sihg

. 'DeISeAIEY PUR 10RUCD

© g ‘suogeaoj shopep |

| zesresneny |

© ) Wmupew £°L

‘obelone 90 :

isonnay 1sod

e

a0

.lv

158104 JOj1I0D
/pooMpIEY “OAUCD

AN JaNY HEBM|SEN

(v By}
9t

Lk

gy By
- BE

LA

INR0IG

(1Bw)

{nIN) Aupiqint,

{yBw) Jueunpos

- (aRm/By)

— () gous H{uwwl) 1dd
S(wy) SIS J0jEM “JUGULBAL)

PONURUCO— Y SOeL.



1661
‘e }@ spremp3

SHAOM €
10404 <

Kg

paziliua

rZ61 ouled
PUE Uilisqny

£9'1££0S'08
- 6200-0d Od
S'0-0 N'HN
LOEDM
140 BN
<0206y
§'1-60eD

WNUIXeW ¢ |
‘abelene 20

09 Hd
De 9GS

S'LE SPlOS SIO
NLN L'E

weeJis
a1 ey By 6p

e

palsaneH

L9')-£90 808
$90"0-920°0 4 Od
S'0-0N'HN
LOE0N

2'0-¥'0 BN
§'0-2°0 B
§1-50€D

9 Hd
Da¥PL

€'l splos 'sig
NiN 1’

wealls
0} reydy 21

e

18640} POCMDIBY PaxXiw ‘[olua))

AM ‘1s8J04

[eluswadxXy moulay

0661 Uemalg
pue sdijiyd

59°018
60
GZeN
02 b
§9ED

cED

L Hd

9861L-5861

weasumoqg

¢g’0is
90
'L eN
2’z B
Zen

E1o

S Hd

9861-86

weassdn

vd ‘uny Jexenp

621 S'CS
LS
E6'0EN
9/'1 By
SI'geD

/6w og

1598BY
1sed suk Z

palejabionag

aoualaey

{1/8w)
S[EIAYD JeY)O

(/6w
N-3iesuN

Hd
feangeaachwia]

{NLN) Aupsquny
{7/Bw) yuawnypes
Pepuadsng

{4hrey/By)

uo|soly

poued

(unu) gpouns f(unu) 1 dd
‘{(ey) eale J9jem ueweal|

uopeso

PaNURUOD—'3'Y BiqeL

29



0661

SPAOAN pUe
wngoeig 9861
‘e 12 ungyor|g

000 dL
£1000d°0d
5100 N'HN
0ZA

ZHEN

oL B
208D

200’0

9'g Hd

/6w 1€
NLN BE

Ieah payL

600 dL
6£00°0 4 Od
0¥00 N HN
oeH

FLEN

80 6l
0+eD

ce000

#'6 Hd

/bW 6L
NLN 18

leek puodeg

£20QdL
£€00°0 d'Od
9£0'0 N'HN
ge

D1 eN

1L B
r1eo

200’0

6'GHd

Bw gLl
NLN O¥1

£E

1esh 150y

660'0 dL
£000°0 d'0d
150 N'HN
LIt A

LOEN
206K

21 EeD

000

s Hd

NIN LL

ort

{o861)
uoeIqreD

15040} aud ‘|onuoD

X1 ‘Aunog 88x0ayDd

L6 Auap

80 NIL
G010
€50'0d Od
S50 N'HN
g1
LOEN

01 By
L'CBD

500

Kz

polsealeHq

G8°0 NML
8gl0
6€0°0d Od
0 N'HN
4]

g0 eN

£ by
0EeD

€0

Kz

188404 uadse 'joJu0D)

NI ‘15904
[eluewpadx3 |eose

23uIajay

(1/6w)
S|EONUeYD JBUIO

{1/Bw)
N-912JUN

Hd
‘ainjesadwa)

{nLN) Aupiqany
{(7/Bw) yuswipes
papusdsng

(14 ray/Bx)
uojsosy

pollagd

{wsw) youns H{ww) Ldd
‘{ey) Ba)e J01EM (JUIUNEBALL

uopeao

-supiBe) SUE|d 183D Pu |BjUa) YUON 3yl 10} siojowered Ayjenb Jojem Aa)i—'S'Y JlqeL

100



£20QdlL
£0000d Od
9100 N'HN
0EM

LLBN

'L B
goed

+00°0

G'g Hd

GIIYETE
bwz

Jeaf payL

$20°Q dL
£1000d'0d
600°0 N'HN
&1

¥'LEN
06N
LLed

€000

9'G Hd

NLN 9t
1w g

IEDA pU0dag

€509 d1
6¢00°0 d'0Od
EY0'0 N'HN
96

ILBN
16y
L'zed

1200

1’9 Hd

LN 65
/6w o

Ge

sk 15414

090°0 dL
£0000d'0d
0900 N'HN
(-3

OLEN
606
£zen

£00°0

§'5 Hd

NLN LE

58

(og61)
uoneIqie)

pawing ‘peddoys ‘pesesreH

€500 dL
92000 d'0d
650°0 N'HN
61N

SEEN
(R
OEED

SE0°0

29 Hd

11N 68

Jeaf yy

2600 dl
Zv00'0 d'0d
L1200 N'HN
L2 M

80BN

01 By
20ED

5100

+'9 Hd

1w ez
NIN +5

62

Jeak quno4

sauaialey

{1/Bw)
S|ealweyd BYI0

(q/fiw)
N-31B4IN

Hd
faanjesadwa)

(NLN) Apigany
{vBw) uewpas
papuadsng

(4Arey/By)
uoisoIg

poyed

{ww} youns Hww) | 4d
{{ey) eaue J9jem Juauneel]

unjeso

penuguo)—gy eIqes

101



€E0'Q dL
£000'0 d'0d
ZZ00NHN
0EH

¥l eN
606w
80€D

§ i)

§'gHd

NLN L¥
Bwell

e

1804 piy .

§50'0 dL
02000d'0d
2200 N'HN
ZeN

Z'ZeN

1L BN
62D

v10°0

8'G Hd

NLN 09
Bw 95z

08

1eak puooesg

6120 dL
800'0 d Od
8500 N'HN
6 M

+'LEN

t'1 BN
60ED

00

09 Hd

LN €51
BwegLL

oree

leakisilgy

8900 dl
£000°0 d.0d
290'0 N'HN
2EMN

L0EN

20 BN
reen

€000

£'G Hd

N.LN 62

el

uoneiqes)

PaLLING 'PEMOIPUIM
‘paIesys ‘PoISeAEH

BEOQ dL
91000 d Od
SEO'O N'HN
v

LHEN

6'0 B
¥'LED

€200

Z'9Hd

NN IS

Teah yyid

€700 dl
2r000d Od
£90°0 N'HN
e

0t EN

Z1 6
L'LeD

8200

5'g Hd

NLN 2L
buw gz

9l

1BaA Yuno4

ELITEYETE

{1/6w)
E[EIWAYD YD

(/B
N-3124lIN

Hd
taumaiedwa

(N1N) Apigun)
{(/6w) juawpes
pepuadsng

{(a4/ey/Bop)

uoisolg

popad

(wiw) youns {(ww) | dd
(ey) RoJe Jajem jJuduess]

uope’o]

penupuod—§'Y ajqel

102



670'0 L
€£00'0d Od
DBO0O N'HN
LeN

ZEEN

60 By
v1LED

LIGO

g9 Hd

MLlN g€

Jead Yyl

8500 dL
02000 d,Od
€£0°0 N'HN
Sv

ZEEN

z'L By
vLed

0100

€9 Hd

NLN 19
0w s8t

591

Jead yuno

aoualagay

{1/6w)
§|edwayd 1eyi0

{1Bw)
N-91eIN

Hd
‘aumesadwa]

{niN) Aupigqany
{(1/6w) awpes
papuadsng

{(ahrey by)

uojsoI]

polied

(whu) gound H{ww) 1 d4d
{{ey) ease JalEMm jJusugeal]

uoE20~

penuUUOl—GTY #qel

103



20 16w og un N9 mojeg
gl /6w 9 unna uj
5/61
|E 18 1apAug 210 1/Bw gy 1A N2 sA0ge 'Yaals) uojusg gl ‘1IeAY 188Uy
100 1861
sead 600
afzisne 81070 6/64-L/61 paisaaieH
Ga61 Apauusy hj-se|bnog
PuR uoclie|D) 100 1961-G261 Jauid esouspuod ‘josuoD Q1 ‘ne81 1BANg
€80 508
Z¥00'0 N'HN
801 M
65 L EN
602 B
oLl eD P861
weexns 0} G 9961-9G61
BunseAnzy pue uoRINISUOD
90'0 9861-2861 peo. 48810 asioypesq
£9'0 5708
8200 N'HN
LSO N
L0°} BN
611 By
eoLedn ¥861
weosns 0] 9 996 |-6561
800°0 9861-2861 H9019 UsXa JONUOD
L9010
19'0 S 08
%2000 d'Od
¥L00ON'HN
GZ' LY
£6°1 BN
£0° 1 By
G/6| fean 666G BD 2000 861
[861
1afwanolg wesJs 0} 66 996 |-2561
G861 Bumno eiued 00 ‘ys8104
‘2 1@ ispuexaly /Bw g > G96L-056) | UOHINISUOD PEOA ‘Y381 |00 [ejusadxg Jaselq
{NLN) Anpigang,
(71/5w) {1/Bw) Hd | {/Bw) ueiwpas (14rey,By) (wu) younu H{ww) 1 dd
JWVUIISjaY | s|edweL> 89410 N-9lelliN uw._zuw._&E@._. —uﬂ_v:&m_._m uolsalg pousg _Aﬂ___v B3R I9)eM u—cﬂ..—_«ﬂﬂ._._. Uuo)eaon

“suRjUNOW Axooy oyl 1oy siejeweled Lenb 1ajem fey—9'y aqel

104



SpoysIalem

61 0£ 0102 04 K [euoieoIaal ‘pazeIn)
B 18 JBUUNS ZLolgond Ky BAIE [BINJBU 95N-MOT AM WO yseN
¥c Sd
89 04
021 0L VW LZ ol v kg 39810 JoouUSd PeZRIK)
vl 84
2961 8pjuny ¥od Q0 ‘1eny
pue UBWISW 48.01 1w gz o1/ HKz| Hesu ioaeag o pezesbun aIpnod o4 ‘g
pazeib 09/ 5d
pezeibun 0g2 .54
826+ | pezesb 6oL D4 00 158104
‘[B 1@ uosuyor | pazeifiun 0oz D4 L0°0-€0°0 /6w 65 o1 ¢ ewwns | | seinised pezesd pue pazeibun [eluswedxy nojuepy
5200 pajseAieH
861 ucjsuyor 800°0 uadse ‘jonuos 1N Sean ussoiyn
SMO)} LUOISSa08)
G/61 S0'0 015000 Jauwns uadse ‘eoruds ‘eud Jo
Bae) pue yhuig PUE JJaLUMOUS $158.0} palSaAIRY PUE |01U0D) EUAQIY [BRUED ISaM
| AY] paisaneH
1ssaey 1s0d
10 reak jsi14 [0QUOD BB, YUl BN
€10 pelsaney ‘NasuD) yuiy
1saaey 1sod
210 fesk 184 [013u09 “yeeiry Jebuudg
610 pelsaney “ea1) ajodsbpoq
1saney Jsod 1W “Iseiog
¥261 abpluajeq L0 Jesk pay | joaues ‘Yeaun aorudg [euolEN JoousIg
G100 Vow ¢ Hun Jno mojeg
810 TBw gl yun o uj
G100 /6w g KL I aA0gE ‘N80 UOAUED
SL'0 VBw gL Hun Ino moeg
S0 /bW 2 Wun N3 ug
G0 VBw 1 Ky IND 2ACQE “¥23ID BPY
(N.LN) Aupiqany
{7/Bw) (1/6w) Hd | {(/Bw) wauwypes {4A/ey/By) (ww) youns H(ww) 1dd
BoUSIdaY | s|ecjWAYd BUYID N-91eIN faumjesadwa) pepuadsng uojs043 pouad H(ey) veur JajEm fJusuneal] uoyeson

panupuoD—g-y eiqel

105



“JW 00)/SSIUCI0D ULIOHIOY [B10] ., '103Ci0das [eJe ‘WIoN|0D [Bde

8.6} Wwens 00Se
pue uosusydelg Wwnwixew o4 spaysialem (srqabes pazein ai “yesun spjouiey
(NAN) Aupiqany
(vBu) {1/6w) Hd | :(7/6w) wewpes (1hreyyBy) {ww) youn {ww) | gd
sdualeey | s|Eopueys eyl N-sjglN | ‘eumesedwe) pepuadsng uolIso] popad {{ey) eaie Jajem SJuawneal ] uojeosny

penujuo)—gy alqeL

106



L1 810

229000 00€1 S84
2800 NML 2900 661 HNS Teak puooss
‘[suwreya
2S00 NML €000 o} Indu) 1esk 1sa4
£6¥ 490
06 d39
0L8NS
ZeE SI1a
JpuuEyd
500 dl wayy podxg
Z¥0°0 NXL 91 810
6EE0 N £¥9 580
96| EN 08 HNS
vEg 0 B ‘[Buueya
0zeed 1000 o} indyy | Jeak uoneiqen OL-SM ‘INomE3l)
#L0°Q¢ N'HN ¥l g3g
€1 004 SE SNS
690°0 AL 800°0 982 Sia Jeek yunog
1070 N HN
8¢ D0a PpUUBYD
ZL0°0 NDIL 2000 o podxg Tesf puyy
0861 £ Doa
R 2L0°0 NML #0070 91 S1q 13K puooes
suljjos 92 HNS
L1861 Y8070 NML L00'0 [ouueys Jeak 1814
UOSLIONIN 0}
pue suljjog 1900 NML LO00 Indup ,) | sesA uoneiques 5-SM ‘loauog
V6w posz 1sealey jsod
Jeah puiy L
V6w gz Jeak pay)
sieak E-SM ‘pelsanIel %52
hw Gy peos 2 1su4 *UORONIISUD PEOY
shep gz
0.8 6w oG <
Aq paseaioui sAep
WNLWIXELW 9g 1/Bw g <
£10'0-800°0 4'0d | yeed 16w o BLWNG [ £9/096 | JSIUIM 1-SM ‘pauIng pue palsaaeH
shep g 1/Bw oy <
29/996 | JOIIM
HO
Gl61 abersne ‘Ises04 [Budwadxg
18 19 uasyupald | 1005000 4'0d 100 renuue 8w g 2-SM 'lonuo) SMEJpUY MH
(NLN) Aupicung
(16w) (1/Bw) Hd [ {(7/Bw} juswipes (1A/ey/By) {ww) goun ww) 1dd
asudsajey | sieajwayd B0 N-91e4lIN ‘farmesadwa} pepuadsng uoIsSoIgz pouad ey} ease sajem Huauneas| uonese]

ISSMULION d11oed 3y} Jo) stojawesed Ayjenb 1agem Asy— 2y a|qeL

107



6861
1ieH pue ulep

1001 2

oIS
9100 d'0d
920°0 NML
62°0 ¥

08’1 EN
98'0 B
HRAC)

£ Hd

1% 4

(A g-2)
juswjeas-ald

BY O'EL NB3D (aMm)

511 N.o_m
2200d’0d
52070 N3LL
950 M
FO'ZEN
£6°0 BN
85'¢ ED
08'6 °0IS
2200d 0d
620°0 NMIL
PO

9.1 BN
090 BN
0Lzen

9000

1000

€4 Hd

£ Hd

AN

gl'e

(£ g)
aweal}-1so4

(Ae-2)
usuNean-alg

BY ¥G1
poosualays {(zm}

821 N.o_m
zzond'od
6E0°0 NML
SO
ISZEN
2500
YO'E D

£0'6 wmu_m
1200 d'0d
0’0 NML
9g'0M
0£'g BN
+9'0 B
oF'2 8D

€000

000

£ Hd

€7/ Hd

cg

(A 6}
Wewneal1s0d

(Ae-z)
wsuest)-alg

BY pi2
[onuod (8Mm)

ZL0D N'HN
£ 004
1200 NML
£20'0 N'HN
2E 200
640°0 NML

L1070

EED0

0009 480
S0E 39
02 SNS

S SIa
Jeuueyd
wouy
Hodx3

Jeed yuno4

read iy L

eoualajey

(/6w)
S|BIW3Y2 IBYYO

(1/Bw)
N-1BJIN

Hd
‘aimesadway

(NAN) Aupigan]
{(1/Bw) Juewjpas
pepuadsng

(1Arey/By)
uojsoIg

pouad

(urty) younu {ww) 1 dd
{ey) eaie Jojem ‘juauiieal |

uoneaIo

penupual—L'y 3jqel

108



N |

L'VvI-L'8EN
¥k BN 3e8uD ysrug
9z BD L'€01L0 Kz ‘apI2IqQISH+ peIsasieH
280X
€ELE1LEN
6221 B _
8'v-8¢€ e l'eoi Lo Iy 9840 ysnig ‘jonuon
9L XA
S'Pi-¥2LEN )
2261 6 NIBID YU ‘epioiueH
A A 0zolg| Kz +PaLLING+HPRISTAIEH
S| )
€L1-82IEN -
261 B .
£e-ced 020G} sieak g 388uD) Ju(] ‘|oauon)
SHe0M
CeILELIEN
Z'Lon RoauD) A18|IS
91 BD 90 ILY ‘SpIDIQIBH+PRISOAIEH
80
L L1-9°01 Nz
£86| uomenN o4 DN .
pue Ja|In 9L BN 20 .84 33810 ZID|IS ‘|00 HO ‘abuey 1sR0)
Jauwns
@SEaIoUl O, g
Jajuim 1SeAIBY/PEO) youe.g e|pesN
0761 161640y ¥0 8SBaIoUl D6 2 /6w g'51L-F ¥ 1sod ‘0/61-096 | ‘POISONEY %00}
pue umoig IsanBY,/pEDI .
€L61 @ 'l BwegL-02 1sod ‘0/61-296) 3921) Jaeq ‘pejsaniey %62
18 umoig 'G/61 . .
‘2 12 UaSHUPSIS Z'l 1Bw 995t 0/61-9961 }8esD UuAlg ‘jonuo) HO ‘ees|y
NLN 0e> /0w og ease Apnis mojeg
HO ‘I18AY wenjueg
SBEL UBANG NLN 0E> S/BW 12 sabelene Jeak g evale Apnis saoqy W10 PPN
68°Cl ‘0!8
¥i00d Od
Y00 NML
or'oX
06°1 BN
68'0 BN {A6)
¥5'€ed 0200 gL Hd | T wewlesn-150d
(NIN) Aupiqang .
(7/6w) {(/Bw) HY [ {(7/Bw) wew pes (sArey/By) {tuw) gouns Hww) Ldd
|dualajey | siednueysd ayi0 N-s1e1UN | ‘aunjesedwe) pepuadsng uoisol] polag {{ey) eale Jolem Sjuaunesl uojjeaon

penuguod—-2'y ejgel

109



186} 191184
861 SUlLUWINY
pue Jajed

9¢°0 By
85’1 €D

S0

#'oHd

leak ysul4

in2ueaD

50'1-69.0 10
156642 OIS
66°0-Lr'0S 08
2000-0 N'HN
1'0-900 M

90" 1-¥9'0 BN
9€°0-2°0 BN
L02ZPLLED

L00-S10°0

8'9-6'9 Hd
Do li>

2861-2.61

[eauoD

0@ 1se.04
yoseesay NgN

6861 HoelS
pue swepy

6261 'T€ 18 UEH
SI61
1€ 18 uaSHUPa.

10

oseasoul
wInwixew
ng'sieshg
lsye laseaiou
WAUNXBW 9, 8

/6w oy >
oW 01

sieah Je)en
Jeak 1514

noses(D

C¥0'0-S1L0°'0

abueyo oN

/Bus op >

sinoydley

Si00 >

abueyo oN

7/6w op >

pooMUBlIBLS

500°0 N'HN

0¥0'0-51L0°0C

/6w of >

[oQuos

HO “49a19) 8joion

8961
UaSUPOLY
pue ueH

8861 JEH

PUE uasYUPe1
561219
UeSHUPa1d

£-1°0IS
v200-710°0 dl
£00:0> 4'0d
8E0°0 NL
£0-0M
ZL08eN
20-%0 B
Z1-e0e]

SIBOA [+
Joye 100 O
Buiuo8p ‘400

psbueyoun

1861-1.61

39319 x04
‘pOuING puB PAISBAIBY %SZ

£1%0s
820°0-4107Q dL
#000> 4'0d
880°0 NL
£0-0M
Z-90EN
g0-v°0 BN
£1-50ED

wnwixew g2'o
ebesene 800

pabueyoun

1soa1eY Js0d
186L-EL61

%8819 X0 'peisaniey %5z

£ 0I5
S200-10QdL
£00°0> d'0Od
ZPO'0 NL
£00M
ZL-g0eN
2°0-v°0 B
£LP0ED

0Lo'0

V6w $'2-9°0

1861-0461

¥8au) x04 ‘jonuo

HO ‘uny {ing

SouUSIAOH

(1/6w)
SfeIWayd JaYLD

{(1/Bws)
N-212IUN

Hd

‘aunjesadwa}

{NUN) Aupigny
£(1/Bw) Jusunpas
papuadsnsg

(14rey/Bx)
uoisoss

poyad

{ww) youns {ww) 1dd
{(ey) eouB 10]EM SJUSWIIEBI|

UoRE30T

penhuguo)-J"y 8{qeL

110



8861 ‘e 18
uuBLapaIL

ve'L B
Zr'g eO
52004 Od
L0 NL
¥80 M

9. L BN
02’1 B
yZE e

éaLo

260’0

bZHd

Juswieall-lsod

jusunean-alg

15810} JBYIUCD PAXILL ‘IOIUDT

HO 'Spays.eiem
abpiy ytiy

8/61
uaBulayieH

WNWREW o
eBeiane €00

AL

palsanEH

WINLIXBW 210
abesane g00

K

jcljuod

0a ‘Asijea uebeueno

L2010
59°6 018
150508
0 N'HN
600X
9670 BN
620 BN
FLLED

9,010
562 ‘OIS
¥50S0S
0 N'HN
910
280 EN
§Z'0 B
802 BD

S18A3)|
[0JIU07)

FA R

00 €702~
§'9Hd

g9 Hd

Jead puy|

Jeak 1siy

pawing ‘noses|)

99°0 10
59°G OIS
1505708
99'0 N'HN
ZZO0M
00} EN
92'0 B
voLED

Sk} IO
s£'9°01S
££'0570S
ON'HN
8E°0 X
9¢'L BN

SETES
[osueD

008'12>
§'9 Hd

Jesk pay

eoualajay

{71/6w)
S|eaiwayd BUI0

("y/Bus)
H-BAIN

Hd
‘aunesedwo)

(NLN) Amqany
{(yBuw) Juewnpas
papuedsng

{4 rey/By)
IT TV E

pouad

{ww) gound {(ww) ) dd
{{ey) eaie Jajem Jusunees)

uojjeao]

panupual-—/'y e|qel

111



8861
e 19 Ja|mMod

Bunsemey
JO SpROJ WO
8seeIdul ON

NLNO'L B 12
ALNE L Bwsg
NLN %2 /D 844

Jeak pny
1EBA puoIss

Jeal 1814

UDNArUISUGD PRl SHY

Sk'o

NN o} /bW 2g

sweal) o} 10ld

YM 49810 [asuey

€100 d'0d
80°0 NL
820
9g'0 BN
v4°Z €0
¥L00 d'0d
£00°0 N1
89°0 M

So'L BN
206N
9r'ZED

8¢0'0

¥00°D

LLHd

Juawiea] S04

uswieadl-ald

noasesn

800'0 4"0d
90°0 NL
09°0 M

120 B
912 €0
6000d'0d
200 NL
650

8S L BN
2.0 6N
yYozeo

¥00'0

10070

0/ Hd

(A€}
usuneal) 1sod

lUswiealj-ald

SN0 YDIBd

£L00d"0d
600 NL
88°0M

980 By
59°g €0
100 d'0d
900 NL
BOOMN

%41 BN
280 AN
99Z ed

8000

€00°0

2'9Hd

(L)
JusuIeal) sod

s Eal]-ald

1sa/AIRY UOHOBIRS

£6°0d'0d
£1'0NL
oL

ELITEYETETT

{1/6w)
SfEo|LISY) Jayl0

(1/6w)
N-91eJN

Hd
‘sampeaedwa

(nLN) Aumqiny
1(7/6w) JuaLupas
papuadsng

{(14/e1/Bx)
Uos0.3

polied

{wiw) gouna H{ww) 1 dd
‘(ey) eaie Jajem Jusuieal)

uone’0T

panupuod— L'y Sjqe]

112



MOj) 511G3( 1490 ‘8PS SUAep 'SAQ 'PEPag 1034 ‘Peol pepuadsng (SN ‘PeO| PENCSSIA 1SIQ 'UoISHIP 20BuNG (HNS ()

SaIpn)s snouep oLAZ0 uonezyuseg uabosN SUOOEDO| SNOLEA
NLN 5>
/bW p621-20 peuing ‘pajsaaeH
ceGl NLN >
[E 18 ¥olupalg S6w oLe-20 [o1uoD MY ‘Weiseaynog
85BaIU
6961 'leje winuxeL 1soney JayE My ‘158104
IPETTEY D0ZOS0 siesk may 18114 palsanieH | [eawiadx] osoglew
) {NLN) Aupiginy
{1/6w}) (1/Bw) HA | :(1/Bw) Juswpas (14r8y/BY) (wuw) younu {uny) 1dd
SoUISY | E|e3jWaYD JRYID N-21_INN faumeiadwa ) papuedsng Uo{s043 pojad {(ey) BouR JB1EM JUSUNBDI)Y uoneIon

penuiiuol— .y a|gey’

113



5861

Te e uefibiy 96L01E} 1AL {euedeyDd VO wdyInog
v
G861 WNWHXEW ‘159104 [ejuawuadx]
e 1o uebbiy 16w g2 Kz Jesredeys ‘puessels) Sewiq ueg
0661 ouegeg auid esosapuod
PUE pelyon VBw €000 > Ky Ul 81y pBYUISRI ZV “eauD episen
A g noree)
S00 Ag Buiuuiyy AresH
LCHeNUNWULICD 18340} aud
|euosted esouspuocd ZV ‘spaysisjep
‘uedy "W 1o Ag ‘lonuon ¥oau() Jeneag
SSI10
ovrS0OS
$2°0M
g1 BN (141)
g By {winq paquasaud)
0z eD juauean-isod
(4 o1)
abeiane ¢/ > ewieansod | 4-Sa ‘puE|sselb o] uoISIaAU0N
wnwxew gL
abeiane oabejs puooas
6'LLaIgE Jaye siead g|
Wnwixew §'6
abesaae 'z ebels 1su) Jaly | B-SA ‘PUB|SSEID 0] UOISIBALOD
8910
W0 i-L92S5 08
EF0-vE'0OM
LL-¥i BN
£-96pN
6861 sweq 12-82 8D 1'8-6'Z Hd e
q'BL861 BUOZUY
‘¥g61 sweq JBweg> 1AgGL 0-SM ‘leuedeys ‘lonuog | ‘spaysieiep seg sany)
(NLN) Aupiqany
(VBw) (/Bw) Hd | {(7/Bw) luswipas (1hreyBy) {ww) gouns H{ww)} Ldd
souesjey | siEoJWaYd JAYLD NN | ‘asnjeiedwal pepuedsng uopscig pouad ‘{ey) eaur JojEMm SJuBwEal) uopeson

"ISSMUINOS Y138 A} 40} sisBweled Ayjenb Jojem Aay—g'y oiqBL

114

1994- 575-465/05076

# U.5. GOVERNMENT FRINTING OFFICE



