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shak would operate for local flood control. This
alternative has two options:

¢ SOS 6b (Four and One—half Month Fixed
Drawdown) provides for a 4.5—month draw-
down at all four lower Snake River projects
beginning April 16 and ending August 31.
Elevations would be: Lower Granite —
705 feet (215 m); Little Goose — 605 feet
(184 m); Lower Monumental — 507 feet
(155 m); and Ice Harbor — 407 feet (124 m).

* SOS 6d (Four and One—half Month Lower
Granite Fixed Drawdown) provides for a
4.5—month drawdown to elevation 705 feet
at Lower Granite beginning April 16 and
ending August 31.

4.1.6 SOS 9-Settlement Discussion
Alternatives

This SOS represents operations suggested by
USFWS and NMFS (as SOR cooperating agencies),
the State fisheries agencies, Native American tribes,
and the Federal operating agencies during the
settlement discussions in response to a court ruling
in the IDFG v. NMFS lawsuit. The objective of
SOS 9 is to provide increased velocities for anadro-
mous fish by establishing flow targets during the
migration period and by carrying out other actions
that benefit ESA—listed species. The specific op-
tions were developed by a group of technical staff
representing the parties in the lawsuit. The group
was known as the Reasonable and Prudent Alterna-
tives Workgroup. They developed three possible
operations in addition to the 1994—98 Biological
Opinion. This strategy has three options:

e SOS 9a (Detailed Fishery Operating Plan
[DFOP]) establishes flow targets at The
Dalles based on the previous year’s end—of—
year storage content, similar to how PNCA
selects operating rule curves. Grand Coulee
and other storage projects are used to meet
The Dalles flow targets. Specific volumes of
releases are made from Dworshak, Brownlee,
and upper Snake River to try to meet Lower
Granite flow targets. Lower Snake River
projects are drawn down to near spillway

crest level for 4 1/2 months. Specific spill
percentages are established at run—of—river
projects to achieve no higher than 120 per-
cent daily average total dissolved gas. Fish
transportation is assumed to be eliminated.

¢  SOS 9b (Adaptive Management) establishes
flow targets at McNary and Lower Granite
based on runoff forecasts. Grand Coulee
and other storage projects are used to meet
the McNary flow targets. Specific volumes of
releases are made from Dworshak, Brownlee,
and the upper Snake River to try to meet
Lower Granite flow targets. Lower Snake
River projects are drawn down to minimum
operating pool levels and John Day is at
minimum irrigation pool level. Specific spill
percentages are established at run—of—river
projects to achieve no higher than 120 per-
cent daily average for total dissolved gas.

e SOS 9c (Balanced Impacts Operation)
draws down the four Jower Snake River
projects to near spillway crest levels for
2 1/2 months during the spring saimon migra-
tion period. Full drawdown level is achieved
on April 1. Refill begins after June 15. This
alternative also provides 1994 —98 Biological
Opinion flow augmentation (as in SOS 2d),
IRC operation at Libby and Hungry Horse, a
reduced flow target at Lower Granite due to
drawdown, limits on winter drafting at Albeni
Falls, and spill to achieve no higher than 120 per-
cent daily average for total dissolved gas.

4.1.7 SOS PA-Preferred Alternative

This SOS represents the operation recommended
by NMFS and USFWS in their respective Biologi-
cal Opinions issued on March 1, 1995. SOS PA is
intended to support recovery of ESA—listed
species by storing water during the fall and winter
to meet spring and summer flow targets, and to
protect other resources by managing detrimental
effects through maximum summer draft limits, by
providing public safety through flood protection,
and by providing for reasonable power genera-
tion. This SOS would operate the system during
the fall and winter to achieve a high confidence of
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refill to flood control elevations by April 15 of
each year, and use this stored water for fish flow
augmentation. It establishes spring flow targets
at McNary and Lower Granite based on runoff
forecasts, and a similar sliding scale flow target at
Lower Granite and a fixed flow target at McNary
for the summer. It establishes summer draft
limits at Hungry Horse, Libby, Grand Coulee, and
Dworshak. Libby is also operated to provide
flows for Kootenai River white sturgeon. Lower
Snake River projects are drawn down to minimum
operating pool levels during the spring and sum-
mer. John Day is operated at minimum operating
pool level year—round. Specific spill percentages
are established at run—of—river projects to
achieve 80—percent FPE, with no higher than
115—percent 12—hour daily average for total
dissolved gas measured at the forebay of the next
downstream project.

4.1.8 Rationale for Selection of the Final
SOSs

Table 4—2 summarizes the changes to the set alter-
natives from the Draft EIS to the Final EIS.

SOS 1a and 1b are unchanged from the Draft EIS.
SOS 1a represents a base case condition and
reflects system operation during the period from
passage of the Northwest Power Planning and
Conservation Act until ESA listings. It provides a
baseline alternative that allows for comparison of
the more recent alternatives and shows the recent
historical operation. SOS 1b represents a limit for
system operation directed at maximizing benefits
from development—oriented uses, such as power
generation, flood control, irrigation and naviga-
tion and away from natural resources protection.
It serves as one end of the range of alternatives
and provides a basis for comparison of the impacts
to power generation from all other alternatives.
Public comment did not recommend elimination of
this alternative because it serves as a useful mile-
post. However, the SOR agencies recognize it is
unlikely that decisions would be made to move
operations toward this alternative.

In the Draft EIS, SOS 2 represented current opera-
tion. Three options were considered. Two of these
options have been eliminated for the Final EIS and
one new option has been added. SOS 2c continues
as the No Action Alternative. Maintaining this
option as the No Action Alternative allows for
consistent comparisons in the Final EIS to those
made in the Draft EIS. However, within the
current practice category, new operations have been
developed since the original identification of

SOS 2c. In 1994, the SOR agencies, in consultation
with the NMFS and USFWS, agreed to an opera-
tion, which was reflected in the 1994—98 Biological
Opinion. This operation (SOS 2d) has been mod-
eled for the Final EIS and represents the most
“current” practice. SOS 2d also provides a good
baseline comparison for the other, more unique
alternatives. SOS 2a and 2b from the Draft EIS
were eliminated because they are so similar to

SOS 2¢. SOS 2a is identical to SOS 2c except for
the lack of an assumed additional 427 KAF of water
from the upper Snake River Basin. This additional
water did not cause significant changes to the effects
between SOS 2a and 2c. There is no reason to
continue to consider an alternative that has impacts
essentially equal to another alternative. SOS 2b is
also similar to SOS 2c, except it modified operation
at Libby for Kootenai River white sturgeon. Such
modifications are included in several other alterna-
tives, namely SOS 2d, 9a, 9c, and the Preferred
Alternative.

SOS 3a and 3b, included in the Draft EIS, have
been dropped from consideration in the Final EIS.
Both of these alternatives involved anadromous fish
flow augmentation by establishing flow targets based
on runoff forecast on the Columbia and Snake
Rivers. SOS 3b included additional water from the
upper Snake River Basin over what was assumed for
SOS 3a. This operation is now incorporated in
several new alternatives, including SOS 9a and 9b.
Public comment also did not support continued
consideration of the SOS 3 alternatives.
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Table 4-2. Summary of Alternatives in the Draft and Final EIS

Draft EIS Alternatives

Final EIS Alternatives

SOS1 Pre—ESA Operation
SOS 1a Pre—Salmon Summit Operation
SOS 1b  Optimum Load Following Operation

SOS 2 Current Practice

SOS 2a Final Supplemental EIS Operation

SOS 2b  Final Supplemental EIS with Sturgeon
Operations at Libby

SOS2c Final Supplemental EIS Operation —
No—Action Alternative

SOS3 Flow Augmentation

SOS 3a Monthly Flow Targets

SOS 3b Monthly Flow Targets with additional
Snake River Water

SOS 4 Stable Storage Project Operation

SOS 4al Enhanced Storage Level Operation

SOS 4a3 Enhanced Storage Level Operation

SOS 4b1 Compromise Storage Level Operation

SOS 4b3 Compromise Storage Level Operation

SOS 4c  Enhanced Operation with modified
Grand Coulee Flood Control

SOS 5 Natural River Operation

SOS 5a Two Month Natural River Operation

SOS 5b Four and One Half Month Natural River
Operation

SOS 6 Fixed Drawdown

SOS 6a Two Month Fixed Drawdown Operation

SOS 6b Four and One Half Month Fixed
Drawdown Operation

SOS 6¢c  Two Month Lower Granite Drawdown
Operation

SOS 6d Four and One Half Month Lower
Granite Drawdown Operation

SOS 7 Federal Resource Agency Operations
SOS 7a Coordination Act Report Operation
SOS 7o Incidental Take Statement Flow Targets
SOS 7c  NMFS Conservation Recommendations

Bold indicates a new or revised SOS alternative

SOS 1
SOS 1a
SOS 1b

SOS 2
SOS2c

SOS 2d

SOS 4
SOS 4¢

SOS 5
SOS 5b

SOS 5¢

SOS 6
SOS 6b

SOS 6d

SOS 9

SOS 9a
SOS %
SOS 9¢

Pre—ESA Operation
Pre—Salmon Summit Operation
Optimum Load Following Operation

Current Practice

Final Supplemental EIS Operation —
No—Action Alternative

1994—98 Biological Opinion Operation

Stable Storage Project Operation
Enhanced Operation with modified
Grand Coulee Flood Control

Natural River Operation

Four and One Half Month Natural River
Operation

Permanent Natural River Operation

Fixed Drawdown

Four and One Half Month Fixed Drawdown
Operation

Four and One Half Month Lower Granite
Drawdown Operation

Settlement Discussion Alternatives
Detailed Fishery Operating Plan
Adaptive Management

Balance Impacts Operation

SOS Preferred Alternative
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SOS 4 originally included 5 options in the Draft EIS.
They were similar in operation and impact. In SOS
4a and 4b, the primary feature was the use of Bio-
logical Rule Curves for Libby and Hungry Horse
reservoirs. SOS 4c also included these rule curves
but went further by optimizing the operation of the
other storage projects, particularly Grand Coulee
and Dworshak. For the Final EIS, the SOR agencies
have decided to update the alternative by substitut-
ing the IRC for the Biological Rule Curves and by
eliminating SOS 4a and 4b. The IRCs are a more
recent, acceptable version of minimum elevations for
Libby and Hungry Horse. Significant public com-
ment in support of this alternative with IRCs was
received. Similar to SOS 2 above, SOS 4a and 4b
were not different enough in operation or impacts to
warrant continued consideration.

The Natural River (SOS 5) and the Spillway Crest
Drawdown (SOS 6) alternatives in the Draft EIS
originally included options for 2 months of drawdown
to the appropriate pool level and 4 1/2 months of
drawdown. The practicality of 2—month drawdowns
was questioned during public review, particularly for
the natural river. It did not appear that the time
involved in drawing down the reservoirs and later
refilling them provided the needed consideration for
other uses. Flows are restricted to refill the reser-
voirs at a time when juvenile fall chinook are migrat-
ing downstream and various adult species are return-
ing upstream. The 2 1/2 month drawdown strategies
(SOS 5a, 6a, and 6¢c) have been dropped from the
Final EIS. However, 2 1/2 month spillway crest
drawdown at all four lower Snake projects is still an
element in SOS 9c, so the impacts associated with
this type of operation are assessed in the Final EIS.

A new option was added to SOS 5, namely SOS 5c.
This option includes natural river drawdown of the
lower Snake River projects on a permanent, year—
round basis. The Corps received comment on this
type of alternative during the review of Phase I of
the SCS, a reconnaissance assessment of potential
physical modifications for the system to enhance fish
passage. Many believe the cost for such modifica-
tion would be less than that required for periodic,
temporary drawdowns, which would require special-

ized facilities to enable the projects to refill and
operate at two different pool elevations.

SOS 7 Federal Resource Agencies Operations, which
included 3 options in the Draft EIS, has been
dropped from the Final EIS and replaced with an
alternative now labeled as SOS 9 that also has 3 op-
tions. SOS 7a was suggested by the USFWS and
represented the State fishery agencies and tribes’
recommended operation. Since the issuance of the
Draft EIS, this particular operation has been revised
and replaced by the DFOP (SOS 9a). The SOR
agencies received comment that the DFOP was not
evaluated, but should be. Therefore, we have in-
cluded this alternative exactly as proposed by these
agencies; it is SOS 9a. SOS 7b and 7c were suggested
by NMFS through the 1993 Biological Opinion. This
opinion suggested two sets of flow targets as a way of
increasing flow augmentation levels for anadromous
fish. The flow targets came from the Incidental Take
Statement and the Conservation Recommendation
sections of that Biological Opinion. The opinion was
judged as arbitrary and capricious as a result of legal
action, and these operational alternatives have been
replaced with other alternatives that were developed
through settlement discussions among the parties to
this lawsuit. SOS 7b and 7c¢ have been dropped, but
SOS 9b and 9c have been added to represent opera-
tions stemming from NMFS or other fishery agencies.
In particular, SOS 9b is like DFOP but has reduced
flow levels and forgoes drawdowns. It is a modifica-
tion to DFOP. SOS 9c incorporates elements of
operation supported by the State of Idaho in its
“Idaho Plan.” It includes a 2 1/2—month spillway
crest drawdown on the lower Snake River projects
and several other elements that attempt to strike a
balance among the needs of anadromous fish, resi-
dent fish, wildlife and recreation.

Shortly after the alternatives for the Draft EIS were
identified, the Nez Perce Tribe suggested an opera-
tion that involved drawdown of Lower Granite,
significant additional amounts of upper Snake River
water, and full pool operation at Dworshak (i.e.,
Dworshak remains full year round). It was labeled
as SOS 8a. Hydroregulation of that operation was
completed and provided to the Nez Perce Tribe. No
technical response has been received from the Nez
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Perce Tribe regarding the features or results of this
alternative. However, the elements of this operation
are generally incorporated in one or more of the
other alternatives, or impose requirements on the
system or specific projects that are outside the range
considered reasonable. Therefore, this alternative
has not been carried forward into the Final EIS.

The Preferred Alternative represents operating
requirements contained in the 1995 Biological
Opinions issued by NMFS and USFWS on operation
of the FCRPS. These opinions resulted from ESA
consultation conducted during late 1994 and early
1995, which were a direct consequence of the lawsuit
and subsequent judgement in Idaho v. NMFS. The
SOR agencies are now implementing this operating
strategy and have concluded that it represents an
appropriate balance among the multiple uses of the
river. This strategy recognizes the importance of
anadromous fish and the need to adjust river flows
to benefit the migration of all salmon stocks, as well
as the needs of resident fish and wildlife species at
storage projects.

In addition to alternatives discussed here, the SOR
managers received a proposed alternative from the
Confederated Tribes of the Umatilla Indian Reserva-
tion, designated SOS 9d. Please refer to Chapter 4
of the Main Volume of this EIS for description and
analysis of SOS 9d (Section 4.1.10, subsections on
CTUIR alternative, cultural resources, and Native
Americans).

4.2 GENERIC CULTURAL RESOURCES
IMPACTS

This section discusses direct and indirect impacts on
historic and cultural properties that are typically
associated with river system operations. Changing
water levels and flows can cause wave action,
inundation, and exposure of reservoir drawdown
zones, all of which can affect cultural resources.
System operations can also cause indirect impacts
to cultural resources as a result of changes in the
human use and aesthetics of the shoreline and
drawdown zones.

Some SOSs involve the construction or modification
of structural facilities, such as fish passage facilities

at Corps projects, which could cause direct impacts
to historic or cultural properties. These structural
elements are not considered in the SOR. Instead,
they are addressed in the Corps’ System Configura-
tion Study (see “Columbia River Salmon Mitigation
Analysis System Configuration Study, Phase 1,”
April 1994 draft).

4.2.1 Direct Impacts

Impacts within the reservoir pool occur most often to
nonstructural cultural deposits, since initial reservoir
construction and filling usually removed or damaged
above—ground or structural cultural resources such
as historic architecture. Nonstructured sites affected
include archeological sites, human burials, and per-
haps also landscape or other values of significance to
Tribes. Direct impacts to archeological deposits
resulting from reservoir shoreline fluctuations occur
differently in each of three reservoir zones: 1) the
littoral (exposed beach); 2) wave—impact; and

3) inundation zones (Figure 4—1).

Exposed archeological deposits within the littoral
zone are subject to direct impacts that are mechani-
cal, human, and animal in origin. Because inunda-
tion removes vegetation, wind and water (runoff)
erosion deflates archeological sites in this zone.
Deflation is the removal of the archeological soils,
leaving heavier items and artifacts behind, and
altering their contextual relationship in the site.
Water running over unvegetated slopes also causes
erosional rills and gullies.

The movement of artifacts and site features within or
away from the site decreases its scientific integrity and
value because it becomes more difficult to reconstruct
the site’s original features and the original placement
of artifacts. The littoral zone is also subject to re-
peated cycles of wetting and drying, which cause
deterioration of organic deposits, such as bone, and
some artifacts, such as ceramics. In certain soils, rapid
drawdown can cause mass wasting (e.g., slumping or
landslides) of slopes in or above the reservoir. This
occurs as water rapidly vacates the pores between soil
particles, causing the soil to lose cohesion. Soil
slumps on beach cut—banks form erosion fronts that
slowly advance landward. Section 4.4 (Geomorphic
Analysis) discusses these processes in greater detail.
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Wind— and powerboat—generated wave action
erodes and deflates archeological sites. It may also
stimulate geomorphic changes that can destroy intact
archeological deposits. These changes can include
slumping, scouring, terracing, and piping.

Direct impacts on archeological deposits that occur
in the inundation zone include underwater erosion,
chemical change, damage by aquatic organisms,
accelerated decomposition, and siltation (Lenihan et
al.,, 1981). Underwater currents can cause slumping,
or displace materials and artifacts already brought to
the surface by wind— and water—caused erosion.
For example, at Kettle Falls in Lake Roosevelt,
underwater eddies continue to affect archeological
sites. Reservoir water dissolves organic materials
and ceramics, and changes chemical attributes such
as pH, phosphate, and nitrogen levels of deposits.

Reservoir Impact Zones and Potential Impacts on Historic and Cultural

Aquatic organisms, such as burrowing clams, can
churn archeological deposits by moving artifacts
within them. An accumulation of organic acids
accelerates the decomposition of organic materials
and ceramics.

Both underwater siltation and inundation prevent
access to archeological sites, although they can
protect the sites from accelerated decomposition and
vandalism. This inaccessibility prevents the scientific
study of site as well as traditional cultural practice.

4.2.2 Indirect Impacts

Indirect impacts to historic and cultural properties
from system operating strategies result mainly from
changes in the human use of the shore and littoral
zones. For example, reservoir operations influence
the recreational attractiveness of reservoirs and
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therefore, the number of people visiting them. The
devegetation and deflation of archeological sites in
the littoral zone make them more visible to the
public. When more people are present and archeo-
logical sites are more visible, there is a greater
likelihood of vandalism and artifact theft. Archeo-
logical sites in the devegetated littoral zone are also
susceptible to disturbance, artifact displacement, and
erosion from cattle trampling and wallowing, and the
operation of off—road vehicles on reservoir beaches.

Land management actions not directly related to
system operations can also affect recreational use,
and different uses can have different effects on
cultural resources near system reservoirs. Decisions
to develop or permit camping, boat ramps and
docks, summer homes, hiking trails, or off—road
vehicle uses, for example, may all lead to increased
impacts on cultural resources from human—caused
erosion, vandalism, and artifact theft; or human—
caused forest or brush fires. Because of the large
size of the reservoir areas, it is not possible to patrol
all known sites to prevent vandalism and lootings.
Cumulative impact analysis of operational effects
must, therefore, also consider land management
actions that affect projects in the SOR area.

System operating strategies that change the intensity
of land use might also indirectly cause changes to
the integrity of feeling or character associated with
a historic or cultural property. For example, an
increase in nearby recreational uses might adversely
affect a traditional cultural property, such as a
Native American ritual site, by increasing sights and
sounds incompatible with ritual use. Reservoir
drawdown might adversely affect the visual integrity
of a historic site or traditional cultural property by
introducing an element that is inconsistent with its
historic or cultural character.

4.2.3 Existing and Future Operational Impacts

All of the SOSs would continue to have an adverse
effect on cultural resources, although some of these
effects would be more dramatic than others. Sites
that are covered in reservoir siltation, for example,
are to some extent protected from the effects of
erosion and vandalism, although chemical changes

in the soil matrix may have occurred and access to
these sites for scientific study may have been lost or
curtailed. Some sites in vulnerable locations in the
reservoir drawdown zone have already been eroded
or deflated beyond significance, while others contain
intact deposits. Recreational use of the reservoir
shoreline has led to vandalism at some sites, while
others remain relatively inaccessible.

4.3 IMPACTS AT SPECIFIC SITES

Because the system is so large and would affect a
large number and wide variety of cultural resources,
it is difficult to develop a sense of specific impacts
that system operation can cause, The following are
brief examples, or case studies, of cultural resources
at specific places within the project area, their
condition, and the kinds of impacts they experience
as a result of system operation. Their locations are
disguised to protect their confidentiality.

Example 1

Example 1 is a large, prehistoric village site with
housepits and extensive midden deposits. It is
located on a large sandy bar that rises from the
floodplain to a higher backshore terrace. The site
was tested in 1974, yielding a variety of late prehis-
toric artifacts. Additional excavations reported in
1985 yielded fishing net weights, a large number of
fish remains, and radiocarbon dates demonstrating
that the site was occupied 4,000 years ago. Hearth
and house pit features are eroding from the site
within the drawdown zone.

Example 1 spans the reservoir shoreline, and has
experienced some cutbank erosion at the shoreline’s
edge. Recent monitoring of the site demonstrated
that vandals had dug into the cutbank, increasing
erosion. The site is easily accessible, exacerbating
archeological vandalism as an adverse effect. There
is also cutbank erosion caused by pedestrian and
horse traffic along the reservoir shore. The back-
shore portions of the site are somewhat protected
by grassy vegetation.

Example 2

Example 2 is a series of waterfalls, narrows, and
rapids which formed a natural fishing station for
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harvesting the great runs of salmon during their
annual migrations on the Columbia River. Since time
immemorial, people caught chinook salmon and other
food salmon at this place, as the giant fish struggled to
make their way upstream through the rocky barriers
and swift narrow channels of tumbling water. The
salmon has always been the staff of life to the Colum-
bia River Indians. To them, it is one of the blessings
of the Creator and is used in religious ceremonies as
evidence of the Creator’s bounty - a sacred gift and a
source of spiritual and material food.

While this location is not a single identifiable prop-
erty, it consists of places used seasonally and evi-
denced by the ashes of camp fires, tools, and items
or adornment, sanctuaries for the dead, and samples
of art. During fishing season, the river shores here
were lined with Indian lodges and camps. Scaffolds
were built atop the vertical walls from which spears
and dip nets were thrust into the turmoil below
where legions of salmon thrashed their way up-
stream to spawn. The abundance of food also
brought people from far away, creating one of
history’s great centers for religious ceremonies,
trade, feasting, and other means of social interac-
tion. This place is a cultural landscape that, to this
day, provides a means for cultural maintenance and
renewal for Native Americans.

Embodied in this place are the oral histories of the
Columbia River Indians which explain the world and
how one is to live. The setting of this place has
changed because of reservoir construction, yet
echoes of the falling water still live in the hearts,
traditions, and religions of the Columbia River
Indians. This place is their very soul.

Example 3

Example 3 is a very large scatter of stone tool waste,
animal bone, and groundstone located on a promi-
nent sand and gravel bar. The site deposits extend
for a kilometer along the bar and from the high
water line to within 30 meters of the pre—reservoir
river channel. This site was originally recorded as
two sites. After inundation had exposed more site
deposits to erosion, archeologists learned that there
is a continuous scatter of material between the two
major artifact concentrations.

Limited test excavations determined that the site
contains stone tool waste, fire—cracked rock, mussel
shell, and cobble tools. Site monitoring during a
reservoir drawdown revealed several site features,
including hearths, rock—lined ovens, shell lenses,
and large midden (refuse disposal) areas. The
monitors also observed a large number of stone
artifacts, including projectile points, bone and antler
tools, and a historic—era glass trade bead. They also
observed several pestles, a hopper mortar base,
edge—ground cobbles, and deer bone.

The monitoring program demonstrated that reservoir
shoreline waves at the high water level are undermin-
ing the sandy banks and causing them to slump.
Redeposited sand and silt covers some of the site
deposits. Sheetwash and reservoir terracing is also a
problem along portions of the site. The monitors
also observed eight persons hunting for artifacts on
the site during a reservoir drawdown. The site is
easily accessible by road from a nearby town.

Example 4

Example 4 is an extensive deposit of prehistoric and
historic occupation debris on a broad terrace along a
tributary of the Columbia River. The site is on very
hard clay and fine silt soils with volcanic ash, over-
lain by a coarser and looser deposit of silt and fine
sand. The site has three cultural components:

1) one below the Mazama volcanic ash layer (dated
about 7,000 years ago), which may be up to

10,000 years old; 2) another dating from about
6,000 to around 2,000 years ago; and 3) a recent
historic occupation. The younger prehistoric compo-
nent is currently considered to be a habitation site,
most likely a central base.

The site is being affected by bank erosion involving
processes of wave attack, block slumpage, overland
flow and piping, and mass wasting. Because the clay
soil structure is well developed, shrinkage cracks can
expand along internal blocks. Attack by wind—driven
waves is fairly slow, but may be increasing during the
full pool period as the frequency and size of wakes
from recreational boating grows. The site is accessi-
ble to the public, and looting periodically takes place.
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The managing agency has begun a monitoring pro-
gram to observe conditions at this and other sites.
The monitors also retrieve significant archeological
information that is exposed along the shorelines.
Future plans for the site include a study (along with
other Register—eligible sites) to determine the
technical feasibility and costs of installing active
bank protection to prevent the loss of both cultural
and fish and wildlife values at the site.

Example 5§

Example 5 is a medium—sized prehistoric site on a
broad terrace formed by the reworking of old land-
slide deposits. The site has a prehistoric midden
deposit and the remains of semisubterranean
houses—radiocarbon dated at 2,000 to 150 years
ago. Example 5 contained a historic cemetery that
the managing agency relocated in cooperation with a
Native American tribe. The site is a contributing
member to a National Register historic district.

Example 5 is relatively difficuit to reach and has no

recent, documented incidents of vandalism. However,

its poorly consolidated sediments are vulnerable to
several kinds of erosion, including mass wasting,
piping through the many rodent burrows found at
the site, and block slumping after wave attack under-
cuts the site’s steep reservoir bank. Wave attack on
the soft sediments is the greatest threat because the
prevailing winds cross a wide expanse of water.

Although outlying parts of the site are eroding
slowly, erosion has not yet taken significant parts of
the site. The managing agency has been monitoring
the site since the early 1980s to identify any need for
active measures to retard or prevent further bank
erosion.

4.4 GEOMORPHIC ANALYSIS

The geomorphic analysis of SOS impacts to cultural
resources focused on operational features of the
various SOSs that could affect lJandforms on which
cultural resources are located (Chapter 3). Although
the alternatives serve primary functional objectives

(optimum load—following, fish passage, recreation
and resident fish, etc), each reservoir in the system
operates with several subordinate functional objec-
tives as well. The reservoirs are constantly adjusted
to meet various target flows and storage levels as the
system is balanced to conform to project purposes,
including power production, navigation, flood stor-
age, water supply, and fish and wildlife habitat
maintenance.

Table 4—3 summarizes the effects of operational
features of the SOS alternatives on landforms.
Operational features listed in the left hand column
of the table are common to several alternatives.
Flow augmentation, for example, is a feature of
alternatives including the baseline (SOS 1a).

4.4.1 Storage Reservoirs

The system’s storage reservoirs have much larger
capacity than the run—of—river reservoirs. These
reservoirs fluctuate much more dramatically than do
the run—of~-river reservoirs because system opera-
tors use them to even out the natural fluctuations in
precipitation and runoff. The storage reservoirs also
provide flows to meet specific purposes such as fish
passage, navigation, and power generation. The
number of feet of elevation change that actually
occurs at these reservoirs, however, has to do with
their shape. Because Albeni Falls is a long, narrow
reservoir, it can change dramatically in storage
volume when drawn down only a few feet. The
shorelines of Hungry Horse, Libby, and Dworshak,
on the other hand, fluctuate much more because
they are compact and deep reservoirs. Hungry
Horse, for example, operates over an elevational
range of 224 feet (68 meters).

One of the main differences between past operation-
al strategies and those proposed under the SOR
would be the shifting of storage and release func-
tions and targets from one part of the system to
another. Also, SOS alternatives, other than SOS 1a,
would require selected reservoirs to perform sys-
tem—balancing functions to a greater extent than
they have in the past.
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Table 4-3. Qualitative Summary of Effects of the Operational Features

. . . . Effect on Cultural
Operational Feature |Effect on Erosion Effect on Sedimentation Resources
Naturai River Exposes denuded slopes of Exposessedimentonreservoir | Maximum potential for
Operation Reservoir to sheet, rill, gully, slopes to subaerial erosion displacement, deep burial by
wave, wind erosion freeze/thaw | agents. sediment,weathering,
action. exploitation.
Restarts erosion cycle across Until banks stablize or
entire former drawdown zone. | revegetat; displaces, relocates
sediment downslope,
downstream.
High potential for damage to | High potential for damage due | Provides access for research
reservoir resources untilbanks | to exposure, deep burial in or traditional uses to sites
stabilize, then low. relocatedsediment. presently permanently
underwater.
New Reservoir Levels | Exposes shoreline to erosion in | Relocates, displaces sediment | High potential for
newelevation. downslope, downstream. displacement, burial of
culturalresources.
Restarts erosion cycle at Renewssedimentation process.
shoreline and exposed former
drawdownzone.
High potential for adversely Low potential for adversely
affecting resourcesinzone of | affectingresources.
newshoreline.
Rapid Fluctuation Promotesslide features,wave | Promotesdisplacementof High potential to adversely
erosion. sediment. affect cultural resources by
displacement or burial.
Accelerates erosion cycle, New sediments added to
enlarges zone of vulnerability | reservoirarea.
upslope.
High potential for damagein | Moderate potential for burial
silty, some clayey soil; bysediment.
moderate in other soils.
Rapid Drawdown Promotesslide failures. Relocates sediments High to moderate adverse
downslope, downstream. impact on cultural resources,
severity depends on soil
texture.
Greatly expands zone of New sediment added to High potential for cultural
vulnerability. Teservoir. resource displacement.
High potential for damagein | High potential for deep burial
silty, clayey soils, moderate in | bydisplaced sediment.
othersoils.
Flow Augmentation Promotesshoreline erosion. Renewed sedimentation
process.
Renews erosion cycle. Low potential for deep burial | Level of impact depends on
of cultural resources. erosion at shoreline and
density of sites.
Moderate potential for
increased damage along
reservoir shoreline.
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4.4.2 Run-of-River Reservoirs

Reservoir pools at run—of—river projects often are
operated to meet short—term objectives for the river
system. Control rooms routinely make instanta-
neous adjustments to accommodate specific user
requirements. These pools operate within a narrow
elevational range and, because they occupy narrow
reaches of the river valley, they have a short flow—
through time. Run—of—river reservoirs are long
and narrow and hold much less water than storage
Teservoirs.

Among run—of—river projects, water is stored only
at John Day. This storage is available only for flood
control in the Portland—Vancouver area. It has not
been necessary to use John Day for flood control
since its construction in 1968.

A run—of—river reservoir’s cross—sectional area is
sensitive to the amount of water passing through it.
When flow augmentation occurs, water flows faster
through the pool and, as discussed in Chapter 3, this
can upset the existing geomorphic equilibrium of the
reservoir. Subtle changes in landforms triggered by
such modifications in operation can set off a chain
reaction of additional changes. This situation
occurred when Bonneville Dam’s operation was
changed during the 1970s to supply hydropower at
peak demand periods (called a load—following
strategy). As currently operated, the Bonneville
pool fluctuates rapidly within a 6—foot (2—meter)
zone, causing accelerated erosion along shorelines
and sedimentation at stream mouths and other
slackwater areas of the pool.

Both Lower Granite and Chief Joseph also undergo
periodic equilibrium changes as a result of being
used to reregulate or smooth out the respective
flows from Dworshak and Grand Coulee. Although
Lower Granite and Chief Joseph Reservoirs have
operated in this capacity for many years, neither has
reached an equilibrium state between reservoir flow
regime and geomorphic processes of erosion and
sedimentation. The resulting damage to cultural
resources at these projects is severe.

4.4.3 Discussion of Alternatives

S0§1

Under SOS 1a, project reservoirs would operate as
originally designed, with pool levels changing over a
range of about 50 to 230 feet (15 to 70 meters),
depending on runoff forecasts and downstream
water needs. For the most part, geomorphic pro-
cesses have already reached a near—equilibrium
under past operations. SOS 1b would result in about
the same level of ongoing deterioration in cultural
resources as SOS 1a. Pool adjustments to optimize
hydropower production have caused isolated
instances of accelerated shoreline sloughing. The
erosion and sloughing problems probably resulted
from a loss of soil stability during the rapid draw-
down associated with sudden lowering of a storage
reservoir to met hydropower demands.

Because the system operated under SOS 1a for
many years, ongoing erosion has stabilized to some
extent at run—of—river reservoirs. Some of this
stabilization is due partly to the rip—rapping of
reservoir shorelines to halt erosion. There are some
instances of revetting reservoir slopes specifically to
protect cultural resources from deterioration due to
normal reservoir operation. In other cases, water
action has destroyed cultural resources. Under
SOS 1b, shoreline erosion that would affect cultural
resources would accelerate due to rapid fluctuation
in flows, sudden drawdowns, and the lack of fixed
winter minimum pool levels. This occurred at
Bonneville under operation for load—following
during the 1970s.

SOS 2

Under SOS 2c, water to augment flows is taken from
upper Snake, Dworshak and Brownlee with flow
targets at Lower Granite. Experience with this type
of operation during the 1992-93 operational test
indicates that, when releases are made to augment
flows downstream, the high release volumes from
individual storage projects lower the storage pools
rapidly. Though this is not technically a “rapid
drawdown,” low—strength sandy soils at both Brown-
lee and Dworshak would respond by sloughing and
shallow landsliding. This is judged a severe impact
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on shoreline soils as well as on any historic proper-
ties located in these soils.

SOS 2d is a more complicated strategy which fea-
tures flow augmentation water drawn from Libby,
Grand Coulee, Dworshak, Brownlee, and upper
Snake projects. All of these projects have slide—
prone soils except the upper Snake reservoirs which
share in the flow augmentation volume, and are
expected to exhibit slope failures as the pools are
drawndown or fluctuate over a short time to meet
flow targets downstream. Lower Snake reservoirs
are held at new lower pool levels under SOSs 2¢ and
2d. This would result in the adjustment of the
shoreline to a new equilibrium condition, causing
accelerated shoreline erosion. This is likewise a
severe impact to historic properties located within
the shoreline soils.

S0S 4

The SOS 4c strategy is to provide a stable storage
condition at system storage reservoirs. Storage
reservoirs are managed to minimize reservoir fluctua-
tions while moving closer to natural flow conditions.
When forebay elevation is less than 2 feet (0.6 meter)
between minimum and maximum rule curves, the
short—term operation defines daily elevation changes
within a range of less than 2 feet (0.6 meter) between
end—of—month pool elevations, with power—based
flows not to exceed 1 foot in any 24—hour period.
Storage reservoirs at Libby, Hungry Horse, Grand
Coulee, and Albeni Falls operate to meet pool eleva-
tion targets. In addition, Dworshak provides instan-
taneous flows, which causes its pool to fluctuate
rapidly. This condition causes severe erosion on
reservoir slopes, with adverse effects on historic
properties. The lower Snake pools are operated near
minimum operating pool from April 16 through July.
Operating at this level for a relatively long period of
time exposes reservoir slopes to wind and overland
flow. Since this occurs as storm activity is decreasing,
the net adverse effect from erosion on historic prop-
erties would be moderate. However, based on the
1992—-1993 drawdown test, adverse effects of shore-
line exposure from anthropogenic sources would be
severe.

SOS 5

The objective of SOS 5 would be to reduce the four
lower Snake River projects to near—natural river
bed levels by installing new low—Ilevel outlets in each
dam. The near river bed operation under SOS 5b
would be 4 1/2 months in duration, beginning April
16 each year. Under SOS 5c, the drawdown would
be of year—round duration. The adverse effect on
historic properties stemming from erosion of reser-
voir slopes and sedimentation during the refilling
period with SOS 5b would be severe under these
strategies. This is because lower Snake reservoirs
are used for flood control. They would be subject to
operation at new pool levels as well as rapid draw-
down as flood storage is spilled and pools are re-
turned to near riverbed levels as prescribed for
improvement of fish passage. At Grand Coulee and
Dworshak, hydropower operation is superimposed
on flow augmentation and lower Snake reservoir
refill, respectively. This type of operation has
combined rapid pool fluctuations with rapid draw-
down within a limited elevational range. It caused
accelerated shoreline erosion and slope failure (mass
wasting) during the 1992-1993 test period and
during implementation of other operational strate-
gies which have been instituted over the past several
years. Based on these observations, SOS 5 would
result in a maximum adverse effect on historic
properties at Grand Coulee and Dworshak and the
adjacent downstream projects, Chief Joseph and
Lower Granite.

SOS 6

The SOS 6 operation is aimed at increasing flow—
through in the lower Snake projects by drawing
Lower Granite, Little Goose, Lower Monumental,
and Ice Harbor Reservoirs down below the current
minimum pool levels. Strategy 6b has a 4 1/2 month
duration on the lower Snake and a 4—month dura-
tion for John Day minimum pool operation. Under
SOS 6d, Lower Granite is the only lower Snake pool
that operates below minimum and also includes
drawdown of John Day to minimum pool for

4 months. The adverse effects on historic properties
described in SOS 5 above would also apply to

SOS 6b and 6d.
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SOS 9

This strategy provides increased flows for anadro-
mous fish by establishing flow targets during the
migration period. In addition, Strategy 9 includes
various other actions that benefit those fish listed
under the Endangered Species Act.

The SOS 9a option establishes flow targets at The
Dalles, met by release of stored water at Libby,
Grand Coulee, and Hungry Horse; and at Lower
Granite, met by storage releases from Dworshak.
Lower Snake projects are drawn down to near
spillway crest levels and John Day is kept at mini-
mum pool level, all for 4 1/2 months. Severe effects
to historic properties under SOS 9a derive from
operation at new reservoir levels, increased flow
velocities, and pool fluctuations necessitated by
specified releases over spillways at main stem Colum-
bia and lower Snake projects, including Brownlee.

Strategy 9b uses a modified flood control rule curve
that is suspended for flow augmentation during the
migration periods. With this strategy, the storage
dams all share in providing flow augmentation. This
diminishes the adverse effects of pool fluctuation
and rapid drawdown that result when providing
augmented flows. Dworshak would operate for
flood control but not hydropower, and would pro-
vide flow augmentation for the Snake River only
when other sources could not. Strategy 9b would
therefore produce minimal erosion effects on the
historic properties at Dworshak and at John Day,
where the pool would be operated as it was in the
past. Lower Snake projects would operate at mini-
mum pool. This is expected to result in moderate
adverse effect on historic properties from operating
the reservoirs at new levels within their customary
operating range. Spill targets at both lower Snake
and lower Columbia projects have been observed to
increase tailrace velocities to the point where signifi-
cant erosion occurs in the reach immediately down-
stream from the dam. Historic properties located
along the affected reaches would show severe ad-
verse effects from the erosion that results from these
increased flows.

Under SOS 9c, projects would operate with new
modified flood control rule curves.

SOS PA

The preferred alternative provides for managing the
detrimental effects to other resources which result
from using stored flood control water to augment
flows during fish migration periods. Spring flow
targets are established at Lower Granite and
McNary but, to meet these targets, drafts from
storage pools at Libby, Hungry Horse, Grand Cou-
lee, Albeni Falls are shared. This strategy avoids the
serious erosion problems that result from pool
fluctuation or deep drawdown associated with draft-
ing from one or two reservoirs. Augmented flows
passing through the lower Snake reservoirs, which
would be held at minimum operating pool, would
sustain increased shoreline erosion. Cultural re-
sources in these pools would be severely impacted by
this action, as would those at John Day, which would
also be operated at minimum pool. Dworshak
drawdown for flow augmentation would be limited to
reaching a specified minimum elevation, would not
draft for power, and would therefore not be subject
to accelerated shoreline erosion. Under this option,
cultural resources at Dworshak would undergo
moderate adverse impact,

4.5 SIMULATION STUDY

The computer simulation program (see Chapter 3
for a discussion of the mechanics of the simulation)
calculated the total number of simulated days within
the 50—year model period that a given site within an
operating pool would experience: 1) reservoir
shoreline erosion within its boundaries; 2) exposure
in a reservoir drawdown zone; and 3) inundation in
the reservoir pool. To compare reservoirs and
alternatives, the program added these shoreline
erosion, site exposure, and inundation numbers
together for each reservoir, and for each alternative
across reservoirs. Because these numbers of days in
the 50—year time span are very large and difficult to
grasp in concrete terms, the program also rated each
reservoir’s simulated effects in two additional ways.
First, it divided the total number of impact days per
reservoir by the number of years in the simulation
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(50) and again by the number of sites at the reser-
voir to obtain the average number of impact days
per year per archeological or historic site for that
reservoir. Second, the program also calculated this
number as a percentage of the total number of days
in a year. Tables 4—4 through 4—7 and Figures 4—2
to 4—13, found at the end of this chapter, show
these simulation results. The numbers of sites at
each reservoir are shown on Table 3~1, and also
under the name of each reservoir on Tables 4—4
through 4—6.

The most useful statistic from the simulation for
overall discussion of potential operation effects is
the average percentage of time that all sites at a
given reservoir would experience shoreline erosion,
site exposure, or inundation under a given alterna-
tive (see Table 4~7). According to the simulation,
shoreline erosion would occur between 32 and

38 percent of the time at all the known sites, de-
pending on the alternative. Site exposure would
occur between 49 and 65 percent of the time.
Inundation would occur 49 to 64 percent of the time.
These are average number ranges; individual sites
would experience these effects differently.

Looking at the simulation results by project group
(Figures 4—2 to 4—4) shows distinctive patterns.
Shoreline erosion, which is consistently a serious
impact, is much more severe at the storage projects
and Columbia River projects than on the lower
Snake River. This is because many of the sites at
the lower Snake projects are inundated (Figure 4—4).
The pattern for exposure in a drawdown zone is
similar, with Snake River projects experiencing lower
rates of ongoing impact than the other projects.

This is because—except for Alternatives 5b and 5c,
which entail partial and permanent drawdowns to
natural river level, respectively—most alternatives
inundate most of the lower Snake River sites most
of the time. This fact is borne out in Figure 4—4,
which shows average days per site—year of inunda-
tion, and is the inverse of the graph for drawdown
Zone exposure.

The following discussions briefly summarize the
potential effects at each individual reservoir, as
modeled in the simulation. Chapter 5 compares the

alternatives to one another. In the following discus-
sions, the terms very low, low, moderate, high, and
very high are used to refer to simulated rates of
impact. These mean:

Very low: Impact would occur 0-20 percent

of the time (0 to 73 days per year)

Low: Impact would occur 21-40 percent
of the time (74 to 146 days per

year)

Impact would occur 41-60 percent
of the time (147 to 219 days per

year)

Impact would occur 61-80 percent
of the time (220 to 292 days per

year)

Impact would occur 81-100 percent
of the time (293 to 365 days per

year)

Note that these impact frequency estimations are
summary numbers that combine the results from all
sites at a reservoir and for all 50 modeled years. A
very low rate of overall impact for the reservoir
could entail very high rate of impact at a particular
site or sites. To emphasize this, the following
project—by—project descriptions also show the
number of sites at each reservoir that would sustain
very high rates of simulated shoreline erosion or site
exposure (80 percent or more). These are listed as
“80 percent shoreline erosion” and “80 percent site
exposure.” Similarly, impact rates would vary some-
what from year to year. Exhibit H contains graphic
profiles of the simulated impacts for each reservoir.
Simulation output showing the estimated number of
shoreline erosion, site exposure, and inundation days
that each individual site would accrue in a 50—year
period, is being distributed to the cultural resources
managers of the respective reservoirs. This output is
not included in this volume to protect the confiden-
tiality of the site locations.

Moderate:

High:

Very high:

4.5.1 Hungry Horse

Hungry Horse would experience very low rates of
shoreline impact, and moderate to very high rates of
drawdown zone exposure, according to the simula-
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tion. Rates of inundation would be low for most
alternatives. Inundation would be moderate for
SOSs 4c, 9b, and 9c; very low for 9a; and low for the
remaining alternatives.

These results should be interpreted with caution
since they are based on surveys that are almost
entirely from the upper third of the operating pool,
due to water levels at the time of survey. Assuming
that additional surveys would record more sites in
the lower pool, the shoreline erosion rate should be
higher, reflecting the impact of shorelines at sites
deeper in the pool. This factor may have also
inflated the rate of drawdown zone exposure some-
what.

Shoreline erosion:
very low (25 to 60 days per year)

Drawdown zone exposure:
moderate to very high
(198 to 308 days per year)

Inundation:
very low to moderate
(57 to 167 days per year)

80 percent shoreline erosion:
0 sites

80 percent site exposure:
5 to 14 sites

4.5.2 Libby

Libby would experience very low rates of shoreline
impact and moderate rates of drawdown zone expo-
sure under all of the alternatives except for SOS 9a,
according to the simulation. Rates of inundation
would be moderate except for SOSs 4c¢ and 9c, for
which they would be high.

These results are based on archeological surveys only
for the American portion of Lake Koocanusa.
Reservoir impacts would also occur at sites in
Canada.

Shoreline erosion:
very low (28 to 36 days per year)

Drawdown zone exposure:
low to high (123 to 240 days per year)

Inundation:
low to high (125 to 242 days per year)

80 percent shoreline erosion:
0 sites

80 percent site exposure:
16 to 91 sites

4.5.3 Albeni Falls

Albeni Falls would experience moderate to high
rates of shoreline impact, and high to very high rates
of drawdown zone exposure (except for SOS 9a),
according to the simulation. Rates of inundation
would be very low to low.

This reservoir shows the highest overall rate of
impact of any in the simulation except for Bonne-
ville, for which data are spotty and very incomplete.
By contrast, survey of Albeni Falls is mostly com-
plete. This is true for both types of severe impact,
shoreline erosion and site exposure.

The most likely explanation for this is that Lake Pend
Oreille is formed over a large natural lake. The
reservoir is very long and narrow, and fluctuates only
13 vertical feet (4 meters). This is in contrast to
other storage reservoirs, which are much deeper and
fluctuate between 82 (Grand Coulee) and 224 feet
(68 meters) (Hungry Horse). The archeological and
historic sites in the simulation model are mostly
deposits along the shores of the pre—dam lake.
Therefore, the shoreline inflicts both shoreline ero-
sion and site exposure damage on most of the known
sites as it moves, instead of spreading these effects
across sites located across a wider elevation span.

Shoreline erosion:
moderate to high (212 to 268 days per year)

Drawdown zone exposure:
high to very high (280 to 312 days per year)

Inundation:
very low to low (53 to 85 days per year)

80 percent shoreline erosion:
94 to 233 sites

80 percent site exposure:
213 to 262 sites
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4.5.4 Grand Coulee

Grand Coulee would experience very low to low
rates of shoreline impact and moderate rates of
drawdown zone exposure, according to the simula-
tion. Rates of inundation would be moderate.

Shoreline erosion:
very low to low (65 to 90 days per year)

Drawdown zone exposure:
moderate (149 to 186 days per year)

Inundation:
moderate (179 to 212 days per year)

80 percent shoreline erosion:
0 to 10 sites

80 percent site exposure:
43 to 55 sites

These results should be interpreted with caution for
several reasons. First, Grand Coulee is a very large
reservoir for which a limited data base was available.
Some of the existing survey data are of poor quality

and survey coverage was spotty. Second, soils in Lake

Roosevelt are very unstable and subject to slumping
and wave induced erosion. Actual observations
indicate that impacts are moderate to high for much
of the reservoir in both shoreline and drawdown
ZOnes.

4.5.5 Dworshak

Dworshak would experience low to moderate rates of
shoreline impact and moderate to high rates of draw-
down zone exposure, according to the simulation.
Rates of inundation would be low to moderate.

Many of the known sites at Dworshak are located on
ridge shoulders that are relatively high in the pool in
the downstream two—thirds of the reservoir. Draw-
downs, which can reach up to 155 feet at this reser-
voir, spare many these sites from direct shoreline
action, but expose them in thin and highly erodible
soils on the ridge—shoulder slopes. In fact, the large
elevation range of some of these sites as recorded
may be the result of deflation and subsequent down-
slope movement of artifacts. Because they were

located on thin soils to begin with, many of these
sites may be badly damaged.

Additional survey shows that if the upper reaches of
the reservoir were to contain a high density of river
terrace sites, as is the case in most locations, and if
these were entered into the simulation, the shoreline
erosion rates would probably appear somewhat
higher.

Shoreline erosion: 7
low to moderate (120 to 163) days per year)

Drawdown zone exposure:
moderate to high (204 to 271 days per year)

Inundation:
low to moderate (94 to 161 days per year)

80 percent shoreline erosion:
14 to 47 sites

80 percent site exposure:
92 to 132 sites

4.5.6 Lower Granite

Lower Granite would experience very low rates of
shoreline impact. Its rates of drawdown zone expo-
sure would vary dramatically by alternative, according
to the simulation. For most alternatives (1a, 1b, 2c,
2d, 4c, 9b), exposure would be very low. For several
others (6b, 6d, 9a, and 9c), it would be low. For 5b,
the exposure rate would be moderate, and for Sc, it
would be total (all sites always exposed). Rates of
inundation would be high to very high for all alterna-
tives except 5b (moderate) and 5c (very low).

It is fair to say that Lower Granite, as with the other
lower Snake River projects, would experience lower
rates of overall impact than would occur at some
other reservoirs, particularly the storage reservoirs.
The very high rate of site exposure under the natural
river operation mode of Alternative 5S¢ would be
offset by revegetation of the drawdown zone, which
would afford some protection from erosion and
vandalism.

Reservoir operation under most alternatives occurs
within a relatively narrow range (5 to 33 feet or 1.5
to 10 meters) at Lower Granite. Because most of
the known sites are found deeper in the pool than
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this range, they sustain high rates of inundation and
low rates of shoreline erosion and site exposure.
Because alternatives 5b and Sc involve drawdowns to
natural river level, they invert this pattern, exposing
most sites.

Shoreline erosion:
very low (0 to 38 days per year)

Drawdown zone exposure:
very low to very high (29 to 365 days per
year)

Inundation:
very low to very high (0 to 336 days per year)

80 percent shoreline erosion:
0 to 8 sites

80 percent site exposure:
9 to 114 sites

4.5.7 Little Goose

The pattern of simulated impact rates for Little
Goose is identical to that for Lower Granite, with
one exception. Exposure in the drawdown zone
would be very low for SOS 6d at Little Goose, while
it would be low at Lower Granite, Conversely,
inundation would be very high at Little Goose, and
high at Lower Granite.

Shoreline erosion:
very low (0 to 53 days per year)

Drawdown zone exposure:
very low to very high (10 to 365 days per

year)

Inundation:
very low to very high (0 to 355 days per year)

80 percent shoreline erosion:
0 to 6 sites

80 percent site exposure:
6 to 75 sites

4.5.8 Lower Monumental

The pattern of simulated impact rates for Lower
Monumental is nearly identical to that of Lower
Granite and Little Goose. In general, it indicates

slow rates of impact, compared with other reservoirs,
except for SOS 5c.

Shoreline erosion:
very low (0 to 50 days per year)

Drawdown zone exposure:
very low to very high (37 to 365 days per
year)

Inundation:
very low to very high (0 to 329 days per year)

80 percent shoreline erosion:
0 to 1 site

80 percent site exposure:
1 to 10 sites

4.5.9 Ice Harbor

Ice Harbor’s rates of impact would be almost identi-
cal to those at Lower Granite, Little Goose, and
Lower Monumental. See further discussion under
Lower Granite.

Shoreline erosion:
very low (0 to 68 days per year)

Drawdown zone exposure:
very low to very high (44 to 350 days per

year)

Inundation:
very low to very high (15 to 321 days per
year)

80 percent shoreline erosion:
0 to 3 sites

80 percent site exposure:
3 to 24 sites

4.5.10 Chief Joseph

Since Chief Joseph would be operated at a steady
reservoir level, with up to 5 feet (1.5 meters) of
fluctuation for fine—tuning operations, the 95 sites
located on its shoreline would experience both shore-
line erosion and site exposure all of the time. The
remaining 76 sites in its pool would be inundated all
of the time.
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4.5.11 McNary

Since McNary would be operated at a steady reser-
voir level, with up to 5 feet of fluctuation for fine—
tuning operations, the 24 sites located on its shore-
line would experience both shoreline erosion and
site exposure all of the time. The remaining 81 sites
in its pool would be inundated all of the time.
However, the survey status of McNary is poorly
understood and survey coverage has been minimal.
There should be many unrecorded sites on the
shoreline.

4.5.12 John Day

John Day would experience low rates of shoreline
impact (very low for SOS PA), and moderate rates of
drawdown zone exposure, according to the simula-
tion. Rates of inundation would be moderate (low
for SOS PA).

Shoreline erosion:
very low to low (70 to 140 days per year)

Drawdown zone exposure:
moderate to high (194 to 239 days per year)

Inundation:
low to moderate (126 to 171 days per year)

Very high shoreline rate:
7 to 32 sites

4.5.13 The Dalles

Since The Dalles would be operated at a steady
reservoir level, with up to 5 feet (1.5 meters) of
fluctuation for fine—tuning operations, the 11
known sites located on its shoreline would experi-
ence both shoreline erosion and site exposure all of
the time. The remaining 10 sites in its pool would
be inundated all of the time. The survey status of
The Dalles is poorly understood, and survey cover-
age has been minimal. There are probably many
more unrecorded sites on the shoreline.

4.5.14 Bonneville

Since Bonneville would be operated at a steady
reservoir level, with up to 5 feet (1.5 meters) of
fluctuation for fine—tuning operations, the 13

known sites located on its shoreline would experi-
ence both shoreline erosion and site exposure all of
the time. The remaining site in its pool would be
inundated all of the time. The survey status of
Bonneville is poorly understood, and survey cover-
age has been minimal. There are probably many
more unrecorded sites on the shoreline.

4.5.15 Discussion

The simulation study of the individual reservoirs
helps to highlight patterns or relationships that
might not otherwise be apparent. Understanding
these patterns, in turn, may be useful in managing
the resources as the system changes operation.

Low Rates of Impact

One surprising pattern is that the simulated rate of
shoreline erosion, generally speaking, is lower than
expected at all the reservoirs. It is moderately high
to high only at Albeni Falls and Dworshak. For
many reservoirs, including Libby, Hungry Horse, and
the lower Snake River projects, the overall rate is
very low, below 20 percent for all alternatives. The
real rates may be underestimated somewhat in the
model due to a lack of precise elevation data for
relatively flat sites whose recorders gave them only a
single elevation rating. However, the figures also
reflect the realities of system operation. When
shorelines move, they move away from, as well as
onto, archeological and historic sites.

This does not mean, however, that the reservoir
operation impact on the sites is low. It only means
that the impact is slower than might otherwise have
been expected. Shoreline erosion is devastating to
archeological deposits, but many sites are favorably
located or are resilient and resistant to some of
these effects. The relatively slow rate of simulated
impact simply provides hope that there may be some
significant deposits remaining at some of these sites
that experienced shoreline erosion for the many
years since the reservoirs filled. This is essentially
what was shown in Draper’s (1992a) study of a
sample of sites along the shorelines of Lower Gran-
ite and Little Goose Reservoirs during a special
drawdown. Many of these sites still have intact
deposits of value.
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Low reservoir impact ratings also do not mean that
particular sites are not suffering sustained and rapid
damage. For example, despite the low rate of
shoreline erosion at the sites of the lower Snake
River reservoirs combined under the preferred
alternative (12 percent or less), 17 sites in these
reservoirs would suffer shoreline erosion rates of
more than 95 percent.

Differences Among Reservoirs

A second surprising or unexpected pattern is that
there are large differences in simulated rates of
impact among reservoirs. The rates of shoreline
erosion and site exposure are both high or very high
at Albeni Falls, for example, and low or very low at
all four lower Snake River reservoirs (except for
SOSs 5b and 5¢). As explained above, this is in both
cases the result of a particular site distribution
pattern coupled with a narrow reservoir operating
range. At Albeni Falls, most of the sites are high in
the pool, where the reservoir fluctuates. This is
because Pend Oreille Lake was a natural lake with
many shoreline sites before the Albeni Falls dam was
built. At the lower Snake projects, most of the sites
are low in the pool, where the reservoir does not
fluctuate. The few sites that are high in the pools at
the lower Snake projects are deteriorating rapidly.

These patterns have implications for cultural re-
sources management. An appropriate strategy at the
lower Snake projects would be to focus on the sites
that are being rapidly impacted, field—verify the
simulation results, and allocate resources to those
sites in particular. For Albeni Falls, on the other
hand, there is an indication that a large number of
sites may be in poor condition and may continue to
deteriorate. It would be appropriate, under these
circumstances, to revisit most of the sites in the high
pool, identify examples of particular site types that
for some reason are relatively well preserved, and
focus efforts especially on those sites.

Patterns suggesting particular management strategies
are not as clear for reservoirs that are less complete-
ly surveyed, such as Grand Coulee, Hungry Horse,
Dworshak, and the lower Columbia reservoirs.

Inventory completion should be the first goal at
these reservoirs.

Fixed Shoreline Reservoirs

The simulation is not particularly useful for drawing
conclusions about effects at the fixed— shoreline
reservoirs (Chief Joseph, McNary, The Dalles, and
Bonneville). The known sites in these reservoirs are
either underwater or on the shoreline. If they are

on the shoreline, they are obviously experiencing
shoreline erosion and site exposure almost constantly.

It should also be kept in mind that, except for Chief
Joseph, there has been little archeological survey
below the operating pools at these reservoirs.
Bonneville had no survey prior to dam construction.
Surveys at The Dalles and McNary recorded only
the largest sites. Salvage efforts during the 1940s
and 1950s were cursory by today’s standards. Since
The Dalles—Deschutes locality had a very high
seasonal population density throughout the ages
because of the excellent fishing opportunities af-
forded by Celilo Falls and the Long Narrows, this
loss of archeological resources lends significance to
those that remain. Because inundation of the
Columbia River is continuous from Bonneville Dam
to the Hanford Reach, there is a major cumulative
loss of resources. Though this loss also applies to
the lower Snake projects, their later construction
allowed for a more thorough program of investiga-
tion prior to inundation.

As Draper’s (1992b) options analysis study showed
at McNary, many of the shoreline sites at these
reservoirs are badly damaged. Furthermore, since
the shoreline does not move very far, there is little
or no opportunity to access them to recover materi-
als that would otherwise be lost. Mitigation efforts
at these sites should focus on preventing further
bank slumpage or on recovering materials adjacent
to the bank that may soon be lost.

Site Exposure

Site exposure is particularly a problem at the storage
reservoirs. Exposure rates at Albeni Falls, Hungry
Horse, and Dworshak are all high to very high.
Rates at Grand Coulee and Libby are more moder-
ate. It is easy to picture the large drawdown zone of
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a storage reservoir, exposing sites on slopes and
mid—slope benches. As described above for Dwor-
shak, these slopes often have thin soils that deflate
quickly, and artifact deposits move downslope. The
slopes easily develop erosional rills, and rapid fluc-
tuation and drawdown can cause piping and slump-
ing. Depending on the local soil and slope condi-
tions and the intensity of recreational use, sites on
these slopes are especially vulnerable. Site exposure
impacts are likely to be highly dependent on these
local conditions, and attempts to identify well—pre-
served examples of sites might be worthwhile.

4.6 TRADITIONAL CULTURAL RESOURCES

The SOR agencies did not conduct a comprehensive
assessment of impacts to traditional cultural re-
sources for the EIS. The CRWP head testimony
regarding impacts from Tribal representatives and
received letters or reports on cultural resource
impacts form some of the Tribes. Most of the
reports submitted by Tribes are printed in the exhib-
its section at the end of this Appendix. Other
written statements from affected Tribes may be
found in exhibits to the EIS Main Report, and in
Appendix T, Comments and Responses. Shown
below are just a few excerpts from Tribal sources as
examples of the effects of the power system on
traditional cultural resources. Also included below is
a portion of one Tribe’s analysis of some of the
proposed alternatives.

From Colville Conferated Tribes

“The Columbia River had provided material
resources, as well as living resources that are seldom
included as an impact. Change in flow of the main

river, changed living habitat for fresh water clams, eel,

shrimp and other salt water food resources that used

to make their way up the Columbia River before Dams
were constructed on the river. Plant communities that

lived by free flowing rivers in a wet environment were
never studied or inventoried. There is no specific
information of these resources except for oral
information of medicines, matting, and bag making

materials, that at one time were found right next to the

free flowing river environment. Indian people had

river crossing to resource areas on the opposite side of

the river. Communities and family homes became
inaccessible because they became inundated or were
separated because of the reservoirs behind the new
Dams.

Tribe have a spiritual connection with their
resources which resulted from their traditional
teachings and their up bringing. They grew up
understanding their spiritual connection with their
environment and Mother Earth. Their parents and
grandparents were role models to how they would
carry out their sacred trust responsibility to the
resources and the environment.

After thousands of years, the Indian way of life
became changed in one single generation of time.
There was no time to the Indian people to accept or
adjust their sacred responsibliity to the resources and
the environment that was important to their resources.
The ceremonial grounds and sacred sites were
inundated or became effected by project operations.
The United States government condemned ancestral
lands to construct Dam's without consideration of the
effects of their projects to our Indian way of life.
Because of their efforts to produce power the
government destroyed the very fabric of Indian
religions, ceremonies and sacret trust responsibility for
resources within a free flowing river and watershed
setting. Even though the Tribes have selected new sites
for their ceremonies, the ceremonial ritual that
allowed Tribes to “put—away” the old ceremonial
sites, has never been supported by the United States
government. The United States government has never
provided for or seen any responsibility to religious
rights of Tribes effected by their underntaking.

The same is true for the traditional and cultural

trust responsibility for resources and the environment
that was located within watershed areas supported free
flowing river. Roots, berries, medicines and other
plants and life forms that were effected by federal
undertaking were never properly managed by the
United State Government. These resources were
displaced or inundated to total destruction. Because
these resources are no longer there, a portion of the
Tribes’ traditional way of life is no longer there. The
United States government’s efforts to produce power
had also destroyed whole ecosystem’s that at one time
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provided the necessary environment for Tribal
resources and their Inidan way of life.

There has never been any assessment of how the
Tribes’ were affected by federal projects on the
Columbia River. There are measurable impacts to our
Indian way of life that can be identified to the United
States. If there exists a possibility that this assessment
is important to management procedures and policies,
then the United States government must provide
assessments for the concerns identified here.”!

From the Spokane Tribe

“These rivers [the Columbia River, the Spokane
River, and the Snake River] are traditional culturally
significant properties, playing an essential and
irreplaceable role in Native Americans’ historically
rooted beliefs, customs, and practices. These rivers
are a critical part of cultural practices and beliefs of
living Native Americans, including the Spokane Tribe
of Indians among many others, that (a) are rooted in
our community’s history, and (b) are important in
maintaining the continuing cultural identity of the
community. Native American elders of this region
gave testimonies identifying the significance of these
rivers to their people many times during meetings of
the SOR EIS Cultural Resource Work Group staff and
full work group meetings. We have included a sample
of these testimonies given at one such meeting in our
exhibit 1o this Appendix.

Systems operations have negative impacts on other
Spokane traditional cultural properties that include
but are not limited to vision quest sites, plant gathering
areas, social(political gathering areas, sites associated
with traditional oral stories (such as the story of
creation) and traditions. Types of sites that are
traditional cultural properties because of their sacred
and central nature to Spokane culture, but that also
may be eligible under other National Register
categories include but are not limited to pictographs
and petroglyphs, camp sites, battle sites, churches,
fisheries and procurement sites.

Most of the vision quest sites used traditionally by
the Spokane peoples are inaccessible because of

inundation, or they have lost their traditional context
and feeling because of inundation of the surrounding
landscape. Many of these vision quest sites could be
restored if the land were no longer inundated, if elders
remain to identify their location.

The reservoir has inundated social and political
gathering areas which were often located at river fords;
though some of these sites are seasonally accessible
within the zone of fluctuation. Again, inundation
removes traditional context and feeling for many of
these sites. Some of these areas were the sites of
important battles, or landmark peace agreements
between warring tribes. Some of these sites were the
locations of sacred and religious ceremonies. Others
are important because of their association with
famous or outstanding individuals.

Sites associated with traditional oral stories often
include particular and sometimes spectacular
landforms. Today those sites that are affected by
reservoir operations include those that are inundated
and those which are not inundated but eroding or
threatened with erosion from reservoir action. The
ecological landscape is often key to understanding
these sites; changes in the surrounding landscape has
negative effect on the context, feeling, and interpreta-
tion of the landform even if the landform itself is not
destroyed. Because of their often unusual appearance,
shape or composition, these sites often attract
recreational use which further contributes to their
deterioration.

Another type of Spokane cultural resource is the
natural environment. Both physically and spiritually,
natural resources are an essential and inseparable part
of Spokane culture. The salmon, eels, and other
riverine resources are more important cultural
resources to archeological and historical sites, and
play an essential role in Spokane cultural identity.

The land itself is another cultural resource. One’s
homeland is inseparable from the individual. One
cannot be laid to rest in a strange land, yet Spokane
ancestors must be moved from their original resting
place because of erosion and looting, and Spokane

1Review of SOR Draft EIS Appendix D. Cultural Resources, memo dated May 26, 1995.
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tribal elders cannot be laid to rest in their place
of birth.

Procurement sites that should be assessed in
reviewing systems operations strategies include but are
not limited to plant gathering and processing areas,
mammal hunting and processing areas, and riverine
resource gathering, fishing, and processing areas.
Those plants traditionally gathered by the Spokanes
and that are still in use today include many different
species in and near Lake Roosevelt. Some examples
include blackberries, blueberries; wild raspberries;
pinenuts; and many camas roots species, to name just
a few. Spokanes gather other plants for making
baskets, hats, matiting, etc. Most of the remaining
gathering areas are barely being maintained, as the
environment they developed in has been so drastically
changed with the creation of Lake Roosevelt.
Furthermore, they were part of an annual round which
through destruction of the riverine environment by the
reservoir, has also been destroyed. These plants and
the gathering areas from which they have come are
significant not only economically, but are essential to
the cultural, linguistic, and religious life of the
Spokanes.

Fishing areas, as with plant gathering area, are
important to the Spokanes not only as archeological
sites with crucial information on paleo—environment,
social processes, technological change, and diet, but
are critical to the cultural, linguistic, and religious life
of the Spokanes. Fishing areas included not only the
sites of net and spear fishing, but for the gathering of
eels, crawfish, mussels, and other riverine resources.
The fate of individual men, families, tribes, and
regions were made at these fishing sites. Fishing
techniques and technology were an integral part of
Spokane culture: fishing jargon and analogies were
woven in daily dialogue, in personal and tribal identity,
in placing humankind in nature, and especially in the
teaching of children. Sacred landscapes or landfonns
often surround fishing sites. They were often focal
points for camps and social gatherings areas.
Spokanes grew up with fishing areas being not only
part of the annual cycle, but part of the individual and

family as well. Burial grounds often overlook these
areas, emphasizing the sacred nature of fishing areas.

Spokanes often hunted game on higher ground, but
the use of hunting blinds located in natural avenues
down to the rivers were key. Since the creation of the
reservoir, game more seldom use these avenues so that
the economic and spiritual use of these traditional
hunting blinds are strongly impacted. The negative
impacts on Spokane hunting are many. For example,
the wolf, buffalo, and antelope were primary religious
and economic sources before whites came, but no
longer live here. Elk, golden and bald eagles, and
beaver were nearly eliminated from our area, though
through positive actions they are attempting to come
back. The presence of the reservoir has removed the
salmon, the eels, some snakes, and riverine mammals
such as otter of important economic and religious
status to the Spokane people.”?

From the Confederated Tribes of the Umatilla
Indian Reservation (CTUIR)

“Just as remaining Tribal land is now checker-
boarded, so the salmon resource upon which the
Tribes of the CTUIR have relied for centuries has
also become checkerboarded and disconnected —
swimming to those stretches of river the dams don’t
preclude, spawning in the few areas where habitat
remains or being stripped for next years hatchery
production, surviving in those reaches and at those
times where flow is adequate and water temperature
tolerable, avoiding, to a small extent the perilous
gauntlet of dams in their passage to the sea.

Game, roots, berries, plants, and all the other things
the Tribes relied on have also almost been destroyed.
In addition to the loss of lands discussed in previous
report sections — and by the way of example —
wildlife habitat loss assessments prepared by BPA,
State and Federal agencies and the Tribes, identify
20,749 acres of habitat lost within the Bonneville
Project Area, 27,455 acres in the John Day Project
Area, 9,138 acres in The Dalles Project Area, and
15,502 acres in the McNary Project Area52.

2Review of SOR Draft EIS Appendix D. Cultural Resources, letter dated September 26, 1995.
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In this manner, the capital stock of wealth in land,
water, fish, game and other resources that the Tribes
of the CTUIR have relied on to provide annual
subsistence, income and cultural and religious
satisfaction has been almost entirely destroyed — and
despite the fact that at least the core of these “survival
assets” were supposed to be protected by Treaty.

82Bonneville Power Administration, 1989. Wildlife
Impact Assessment: Bonneville, McNary, The Dalles
and John Day Projects. Annual Reports. Division of
Fish and Wildlife.

We have identified that all Tiibal trust resources have
important cultural linkages for the CTUIR. In this
analysis, the alternative options for Columbia/Snake
systems management have particularly differing effects
on CTUIR culture through their effect on fish
resources and through their effects on lands of
particular cultural significance. Effects on fish stocks
have been outlined previoush.

Almost 1,500 known sites of particular cultural
significance to the CTUIR have been inundated by
Bonneville, The Dalles, John Day, McNary, Ice
Harbor, Lower Monumental, Little Goose and Lower
Granite reservoirs?07 (Table 10). These sites represent
only a portion of the number that potentially exist.

Table 10
— Inundate: elected Co. ia/Snake River Reservoirs —
Reservoirs Number of Cultural Sites
Bonneville 21
The Dalles 99
John Day 509
McNary 168
Ice Harbor 73
Lower Monumental 77
Little Goose 199
Lower Granite 314
Total Known Sites 1,460

Source: CTUIR Cultural Resources staff.

107 Some of these sites are shared with other tribes.

No Action [SOS 2c]

Biological Opinion

Only with sufficient cultural resources, sites and
opportunities can CTUIR members “grow their
culture” — fishing where their ancestors did —
fishing for the salmon, their historic survival
resource — standing where their ancestors stood, in
their villages and campsites, at their fishing places,
in their burial and ceremonial places — communi-
cating in their own language, about the knowledge
learned from the past, and about its application to
the contemporary circumstances of their life — and
understanding that all these actions give them
self—esteem, power and a healthy capability to deal
with the challenges of contemporary society as
CTUIR Indians.

Today, the people of the CTUIR are threatened, if
not endangered. Their survival resource — the
salmon — is threatened and endangered. Most of
the key sites where they lived, fished and buried their
ancestors are drowned. Access to other ceded
lands, and to the diminished trust resources on
them is severely impeded. And, as the opportunities
to “practice their culture” diminish — own language
capability, a key indicator of cultural wellbeing, has
declined — until only 10 percent of CTUIR
members can presently speak their own language.

Taking these circumstances together, the general
effect of each SOS altemative on CTUIR cultural
wellbeing is identified in Table 11.

Table 11

Impact on CTUIR Cultural Trust Resources and Wellbeing
—Alternative SOS Options on the Columbia and Snake Rivers—

System Option

Impact on Cultural Wellbeing

*Continues to destroy fishing opportunity.

*Continues to flood CTUIR traditional
villages, camps, fishing sites, burial and
ceremonial sites.

*Marginal remaining opportunity to
practice CTUIR culture.

*Threatens and endangers CTUIR culture.

*Significant, but limited improvement in
fishing opportunity.

*No improvement in flooding of CTUIR
traditional villages, camps, fishing sites,
burial and ceremonial areas.

*Survival of CTUIR culture remains very
difficudt.
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DFOP2 {SOS 9a] *Significant increase in CTUIR fishing

opportunity.

*Substantial recovery of cultural sites and
opportunities flooded by four lower
Snake River reservoirs.

*Continued flooding of 509 cultural sites
under John Day Pool continues to
denigh cultural opportunities associated
with this key area to CTUIR peoples.

CTUIR [SOS 9d] *Significant increase in CTUIR fishing

opportunity.

*Substantial cultural recovery through
access to key village, camp, fishing,
burial and ceremonial areas presently
Jflooded by John Day Reservoir.

*Substantial cultural recovery through
similar access to traditional areas
presently flooded by the four lower
Snake reservoirs.

Considering all effects, we conclude that the No
Action alternative represents a policy of continued
destruction of CTUIR Trust Resources, and of the
ingredients necessary for the material and cultural
survival of the CTUIR as a people.

Action under the Biological Opinion offer a
measurable improvement for fisheries stocks. But
this improvement, if obtained, would be insufficient
to return Columbia/Snake stocks to levels of the
historic past — and are also insufficient to
significantly close the poverty gap between CTUIR
members and non—Indians resident in the State of
Oregon. The Biological Opinion also fails to restore
any of the critically important traditional villages,
camps, fishing sites, burial areas and ceremonial
sites inundated by the reservoirs. We therefore
conclude that the Biological Opinion does not
sufficiently address responsibilities to CTUIR Trust
Resources or CTUIR material or cultural wellbeing.

The DFOP2 Option does substantially improve
CTUIR fisheries, and would restore access to
important cultural areas presently flooded by Ice
Harbor, Lower Monumental, Little Goose and
Lower Granite reservoirs. It does not restore access
to cultural areas inundated by John Day Pool. It
represents a significant effort to meet tribal Trust
Resource responsibilities associated with fishing —

and would also significantly improve cultural access
for some tribes along the lower Snake River.

The CTUIR Option equals and slightly exceeds the
DFQP2 alternative with respect to restoration of
spring chinook. Further, by restoring key cultural
areas close to the CTUIR reservation currently
flooded by John Day reservoir, as well as restoring
access along the lower Snake River, it comes the
closest of all options considered to meeting Trust
Responsibilities to CTUIR — and inimproving
CTUIR material and cultural wellbeing. In fact,
cultural areas presently inundated by John Day
reservoir may be of such significance to CTUIR,
that restoration of access to these areas may, by
itself, be required before actions in fulfillment of
responsibilities to CTUIR Tiust Resources can be
judged sufficient.”3

4.7 IMPACTS TO NATIONAL REGISTER SITES
AND DISTRICTS

All of the sites and districts currently listed on the
National Register of Historic Places at the Federal
projects (Table 2—2) are adversely affected in some
way by system operation. Many of these sites and
districts include resources that are located within
reservoir pool drawdown zones. Others are located
in or near recreation areas along reservoir shores
and are subject to vandalism and artifact theft.

These sites have been nominated to and listed on the
National Register either because they are located at
projects constructed since the National Historic
Preservation Act became law in 1966, or because they
are sites of obvious national significance; such as
Bonneville Dam or prehistoric archeological sites at
The Dalles.

Many of the other cultural resources at the projects
are eligible or potentially eligible for National
Register nomination due to national, regional, or
local significance. Most cultural resources at the
Federal reservoirs have not yet been evaluated for
their National Register eligibility. The list of af-

3Report titled Assessment of the Effort on Trust Resources of the Confederated Tribe of the Umatilla Indian
Reservation from Alternative System Operating Strategies (SOS) for Columbia/Snake River Flows,

September 1995.
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fected National Register sites in Table 2—2 repre-
sents a small fraction of sites that could ultimately
be nominated and listed on the National Register.

4.8 EFFECTS AT OTHER REACHES OF THE
COLUMBIA SYSTEM

The alternatives would have impacts at reaches of
the Columbia River system other than those covered
by the system reservoir pools. Although lack of
funding has prevented an exhaustive study of such
effects, certain kinds of effects are apparent and
deserve mention.

Releases from storage reservoirs can affect down-
stream river reaches, and resulting water fluctuations
can erode cultural resources. System locations
where this is a major problem include Chief Joseph
below Grand Coulee, the lower Clearwater below
Dworshak, the Kootenai River reach below Libby
Dam, the Hells Canyon reach below Brownlee Dam,

and to a lesser extent, the Pend Oreille River below
Albeni Falls Dam.

Downstream effects at run—of—river reservoirs tend
to take the form of accelerated streambank erosion
when pools are maintained at high streamflows. This
problem is potentially acute on the mid—Columbia
dams owned by public utility districts. This problem
also occurs on the lower Snake and lower Columbia
reservoirs.

The periodic massive discharge of the Columbia
River through its estuary mouth downstream from
Bonneville Dam has at different times stripped away
known cultural and historic sites from the stream
banks and buried others in huge deposits of flood
sediments. In spite of this, a number of historic
shipwrecks and cultural resources sites have been
identified in the estuary mouth. By reducing the
severity of floods, system operation has lowered the
amount of damage that would otherwise have taken
place at these sites.
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Table 4-4. Simulated Days per Year of Shoreline Erosion at Known Archeological and
Historic Sites

a. Storage projects.
Project Hungry Horse
24

days/yr percent

35 9.5 32 8.7

Hazalsa
5
F-
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Table 4-5. Simulated Drawdown Zone Exposure Days per Year at Known Archeological
and Historic Sites

a. Storage projects.
" Project Hungry Horse Albeni Falls Grand Coulee Dworshak
No. sites 361 180 183
SOS days/yr  percent | daysyr percent | daysyt  percent
1b -
2c 235 .
2d 409 254 69.7
Ac 337 154 422 | 219 599
5b 489 312 85.4 158 433 215 588
Sc 489 312 85.4 158 433 204 56.0
66 489 312 85.4 158 433 206 565
6d 489 312 854 | 158 433 | 206 565
%a 65.7 299 82.1 186 51.0 235 64.5
9b 41.7 284 779 159 43.6 2n 74.3
9c 337 280 76. 160 43.7 237 65.0
7 ﬂ : 462 306 7 B38| 153 AE T N R

Project Lower Granite Little Goose Lower Mon Ice Harbor
No. sites 114 75 10 25
SOS

¢. Columbia River run—of—river projects.
" Project Chief Joseph McNary
" No. sites 171 105
dayshyr  percent
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Table 4-6. Simulated Days per Year of Reservoir Inundation at Known Archeological
and Historic Sites

a. Storage Projects.

" Project Hungry Horse
No. Sites

SOS
sy
1b
2c
2d
‘c
5b
5c

Libby
31

percent

daysyr

9a 125 3
b 141 38.7 213 58.3
9¢ 167 459 242

b. Snake River run—of—river projects.
" Project Lower Granite Little Goose
No. Sites 114 15
SOS/n daysiyr percent daysfyr percent
b
2c
2d

c. Columbia River run—of—river projects.

~ Project ChicfJoscph McNary John Day The Dalles Bonneville
No. Sites 171 105 130 20 14

SOS/n daysyr percent days/yr percent days/yr percent days/yr percent days/yr percent
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Table 4-7. Summary of Simulated Reservoir Operation Effects
a. Shoreline erosion.
" Project Storage Projecs Snake River RoR Columbia RoR AllCombined
No. sites 979 2 340 1643
daysiyr percent daysiyr percent days/yr percent
127 . 0 - — 145 333
2 145 332
39 141 340
39 335
9 380
20 323
0 316
30 327
Gl 329
389 40 36.0
9% 145 39.7 42 36.5
9% 150 412 36 36.7
. 15 371 EE) 37

b. Site exposure in a drawdown zone.
Project Storage Projects Snake River RoR Columbia RoR All Combined

SOs daysiyr percent dayshr percent daysiyr percent daysfyr percent
1b : 238 2 85 1687 M )
113 68 194 531

196 537

5 R

217 59.5

" Project Storage Projects Snake River RoR
days/yr percent
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Figure 4-5. Storage Reservoirs, Percentage of Simulated Time when Known Sites
would Experience Shoreline Erosion
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Figure 4-7. Columbia River Run—-of-River Reservoirs, Percentage of Simulated Time
when Known Sites would Experience Shoreline Erosion
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Figure 4-9. Snake River Run-of-River Reservoirs, Percentage of Simulated Time when
Known Sites would Experience Exposure in a Drawdown Zone
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Figure 4-10. Columbia River Run—of-River Reservoirs, Percentage of Simulated Time
when Known Sites would Experience Exposure in a Drawdown Zone
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Figure 4-11. Storage Reservoirs, Percentage of Simulated Time when Known Sites
would be Inundated
100.00
80.00-; —a— Lower Granite
60°00"; —e— Little Goose
40.00 5
: —a— Lower Mon
20.004
] —+— Ice Harbor
0.00 NS SN [PRS DOSE! VSN N8l RO (RN (NSRS B |
la 1Ib 2c 2d 4c S5b S5¢c 6b 6d 9a 9% 9c PA

SOS

Figure 4-12. Snake River Run—-of-River Reservoirs, Percentage of Simulated Time

when Known Sites would be Inundated
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CHAPTERS

COMPARISON OF ALTERNATIVES

This chapter focuses on comparisons among the
operating strategies, rather than impacts at specific
reservoirs or within individual SOSs. The central
point of reference for the comparisons is SOS 2c,
the existing condition and No—Action Alternative in
the EIS.

5.1 GEOMORPHIC ANALYSIS

The alternatives are compared in terms of their
potential to change erosion and sedimentation
regimes, thereby adversely affecting cultural re-
sources. Comparison shows that the most significant
increases in sedimentation and erosion would occur
with SOS 5, natural river operation strategy, and
SOSs 6 and 9, deep drawdown strategies (except 9b).
Grand Coulee and Dworshak, when operated under
strategies that feature hydropower flows combined
with flow augmentation having target spill levels such
as SOSs 2d, 4 or 9b, would exhibit slope failures in
silty, unconsolidated soils on steep slopes. This
operational strategy results in short—term (usually
daily) cyclic drawdown and refill over a range of a
few feet. Wave wash, ice gouging, or high internal
water pressure within the soil mass causes bank
sloughing and failure of slopes above the pool level.
Where pools impinge on loose, unconsolidated
soils—such as the glacial tills in the storage reser-
voirs in the upper reaches of the basin—the result-
ing erosion and mass wasting has a profound, ad-
verse effect on cultural resources.

Alternatives representing the lowest increase in
adverse effects on cultural resources would be

SOSs 1a and 2c since these strategies have been in
effect for some time. Alternative 2c, the current
operation, has caused the least adverse effect
throughout the system. Exceptions are the Dwor-
shak and Grand Coulee projects, which operate with

rapid drawdown and rapid fluctuation. Both have
historic properties that are undergoing serious
damage. Ongoing adverse effects such as inundation
would continue, but choosing either the SOS 2c or
1a alternative provides needed time for implement-
ing programs of continued inventory and site evalua-
tion. Where appropriate, mitigation and protection
actions should be undertaken in an attempt to halt
further deterioration and damage to historically

significant sites.

Compared with SOS 2c, the present strategy, new
reservoir levels cause a significant increase in ero-
sion of reservoir shoreline soils, particularly when
this level is maintained for 4 or more months as
proposed under alternatives SOS 2c, 2d, 6, and 9.
The effect is variable since the new shoreline, if
located at a level held previously by the pool, has
already removed finer soil and armored the bank-
line. The bankline would then have developed a
near—equilibrium condition and the adverse effect
would be minimal. However, if the new level lies at
some location previously uneroded during 2c opera-
tion, the erosion process would have a severe effect
on silty or otherwise sensitive soils as a new beach-
line is established. Portions of John Day and all of
the lower Snake projects would undergo severe
erosion and severe adverse effects to historic proper-
ties under SOS 2d, Lower Granite under 6d, lower
Snake projects under SOS 5 and 9, and John Day
under SOS 9a, should any of these strategies be
selected for implementation.

Rapid drawdown, which caused bank sloughing and
other severe adverse effects to historic properties
during drawdown testing of the current strategy
SOS 2¢, would be a feature of SOS 4c, but the effect
would only occur at Dworshak and Grand Coulee.
Carefully planned and executed mitigation and
protection could counter these effects.
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Rapid fluctuation is a feature of past and present
SOS 2c and 1a operations. It would cause severe
adverse effects to historic properties at Dworshak
with alternatives 4 through 9, and at Grand Coulee
with alternatives 5 through 9, if any of these strate-
gies are implemented. The effect would be similar
at Brownlee under SOS 9b. The Bonneville Pool has
operated in this manner since the 1970s. However,
since shorelines in the Bonneville Pool are rock and
stable soil, the effect of rapid fluctuation has been,
and would continue to be, minimal under any of the
alternatives.

Drawdown to existing minimum pool is featured in
SOSs 5, 6, 9b, and the preferred alternative for John
Day, and in SOS 9 and the preferred alternative at
the lower Snake projects. The adverse effect on
historic properties from operating at or near mini-
mum pool under these strategies would generally be
severe. Although these levels have beaches that
have been at least partially stabilized by the current
baseline operating strategy, exposed slopes would be
subjected to wind and sheetwash erosion as well as
erosion from augmented flows. The erosion condi-
tions resulting from implementing this alternative
would be more severe than those of the baseline
operating alternative 2c. Consequently, the effect of
the preferred alternative on historic properties
would be negative and would worsen current, ongo-
ing, adverse effects.

Drawdown to natural river levels under SOS 5 would
produce severe adverse effects, but the effects would
be felt only at the lower Snake projects. This
alternative represents the greatest departure from
SOS 2c in terms of the new erosion conditions it
would impose on the lower Snake reservoirs.

5.2 SIMULATION STUDY

The baseline condition for comparing the alterna-
tives is SOS 2c, which represents the current mode
of reservoir and river operation. Other alternatives
contain operational features that considerably

change the ways in which the reservoirs affect arch-
eological and historic sites. For example, some
alternatives, notably 5b and 5c, involve major draw-
downs at the lower Snake River reservoirs, which
currently operate within a narrow range of eleva-
tions. Other alternatives, such as 4c, maintain high
pools at the storage reservoirs for a longer period of
time in the summer. Most of the alternatives in-
volve combinations of operational features that
affect flood control, juvenile fish passage, recreation,
navigation, and other goals, and differ from the
baseline in various ways.

The simulation program compares the alternatives
by combining all of the shoreline erosion, site expo-
sure, and inundation days for each site at each
reservoir over the 50—year model period. It then
compares their percentage of difference from

SOS 2c¢ and calculates the average number of site—
days per year that the effect would occur for each
alternative. These figures are shown in Table 51
and illustrated in Figures 5—1 and 5—2. Note that
these are aggregate figures, and that individual sites
would experience the impacts in a variety of ways.

Since shoreline erosion and site exposure in a draw-
down zone both cause serious impacts to archeolog-
ical and historic sites, the program combines them
by adding the numbers of site—days that each con-
tributed for a given alternative. Though inundation
is an adverse impact, it does not cause ongoing and
incremental effects at the same rate or in the same
ways as do shoreline erosion and drawdown zone
exposure. Therefore, inundation is not included in
the comparison directly. If it were included, it would
appear to counteract drawdown zone exposure
(inundation and exposure vary inversely), which is a
much more serious impact. Sites may survive years
of inundation with relatively few effects, for exam-
ple, while exposure in a drawdown zone will contin-
ue to cause deterioration. Though inundation is not
to be ignored, since it does affect sites and does
remove them from access to investigation, sites are
usually not managed for inundation.

5-2 FINAL EIS
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Table 5-1. Comparison of Reservoir Operation Effects by Alternative

a. Shoreline erosion

b. Site ure

Site—days
per 50—year
model period

Site—days
per year

Percent
difference

model period

Site—days
per 50—year

Average
site—days

per year

Percent
difference

| 9993358

9,051

from SOS2c

10,195,966
10,051,816

153
151

0.0
-14

15,916,362
16,113,565

_ 11389874

9,693,683
9,489,138

17,846,256
19,430,007

 9gsson

16,1443

10,825,025
10,948,532

17,706,861
15,528,805
15,300,437

¢. Inundation

16,264,098

d. Shoreline and exposure combined l

Site—days
per 50—year
model period

SOSs

Average
site—days
per year

Percent
difference
from SOS2c

Site—days
per 50—year
model period

Average
site—days
per year

Percent
difference
from SOS2c

25903099

2% | 14088104
13,890,901

26,112.328

1522748

26,165,380

12,157,210

27,539,940

10,574,460
] 648

28,919,144

12,297,605
9b 14,475,661

217
221

28,531,885
26,477,338

9¢c 14,704,029

740,

26,306,589
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Figure 5-1. Simulated Average Days per Year that Sites would Experience Shoreline
Erosion, Exposure in a Drawdown Zone, and Both Effects Combined, for

Each Alternative
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Figure 5-2. Simulated Percentage of Difference from the Baseline (SOS 2c) Alternative
in Terms of Shoreline Erosion, Exposure in a Drawdown Zone, and Both

Effects Combined
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SOS 1 and SOS 2d

Alternatives 1a, 1b, and 2d would be most similar to
the baseline condition in their simulated rates of
effect. Alternative 1a would have a (.9 percent
lower combined effect than the baseline. This
makes it appear that SOS 1a would be the best
alternative for the protection of archeological and
historic sites, since it would represent a slight de-
crease in both shoreline erosion and site exposure
rates. The improvement would be small, however,
and there might be some advantage to maintaining
an existing operation mode.

This would be because any operations that are
different from those under SOS 2c might begin new
erosion cycles at those reservoirs with soils or oper-
ating conditions that have produced stable banks
under SOS 2c. Assuming that SOS 2¢ will have
operated consistently for several years by the time
the SOR is implemented, it may have cut deep
shoreline benches at certain elevations where reser-
voir levels have consistently stayed. Cultural re-
sources at these levels may have been badly dam-
aged, and new operations would begin to create new
wave—cut terraces and new damage at the new
reservoir levels.

It should also be noted that SOS 1a was the opera-
tional mode for a considerably longer period than
SOS 2c will have been when the SOR is implement-
ed. Returning to SOS 1a’s mode of operation might
therefore slow down, to some extent, the rate of
damage at sites that are relatively intact. This is
simply because it would shift impacts back to places
where much damage has already been done and
where the percentage of badly damaged sites is
highest.

SOS 4

SOS 4 shows little or no difference from baseline in
the rates of the two simulated impacts combined.
However, this hides the fact that, for this alternative,
large differences from the baseline in both shoreline
erosion and site exposure cancel each other out
when combined. In fact, this SOS offers both the
most improvement compared with the baseline in

terms of site exposure, and the largest aggregate
increase in shoreline erosion.

This dramatically points out the fact that, for most
alternatives, site exposure is high when shoreline
erosion is low, and vice—versa. They vary inversely
(the correlation coefficient, Pearson’s r, is —0.60).
Only for Alternative 9a is this pattern not apparent.
It applies particularly to SOS 4, which would in-
crease the overall rate of shoreline erosion by

11.7 percent, and would decrease the overall rate of
site exposure by 7.4 percent.

This pattern may be due to the fact that archeolo-
gists recorded many of the sites after construction,
when only the shoreline zones and higher drawdown
shore have been accessible. It may also be due
partly to the higher density of archeological and
historic sites near the natural river level. Each
reservoir would have a cluster of sites in the upper
pool’s drawdown zone at its upstream end, and these
sites have been accessible for recording since the
projects were built.

Shoreline erosion is a very serious impact and high
pool levels increase recreational traffic. This leads
to an increase of waves from boat wakes, which can
be very damaging. An increase in recreationists at
high pool also leads to more pedestrian traffic along
the shore and an intensification of unauthorized
collecting and vandalism at sites near the high pool
shore. SOS 4 would probably cause deterioration of
sites in the high pool to accelerate rapidly.

SOS S

SOS 5 involves deep drawdowns at the lower Snake
projects. It would therefore cause much higher rates
of site exposure than any other SOS. SOS 5c would
apparently represent the greatest increase in the rate
of impacts at sites in the reservoirs overall, because
it would be markedly worse (22.1 percent) for site
exposure than the baseline.

If implemented, however, SOS 5c would not cause
nearly as great an increase in effects from exposure
as it appears, based on the simulation results. A
large part of the reason for the high site exposure
rates with SOS 5c is that the four Jower Snake River
projects would be permanently drawndown to natu-
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ral river level. This would expose archeological sites
in an unvegetated drawdown zone for a time. After
that, the former reservoirs would be revegetated,
protecting the sites somewhat and providing access
for archeological research and traditional cultural
practice. The drawdowns would remove the pre-
viously constant effects of shoreline erosion at these
four reservoirs. The net effect at the lower Snake
reservoirs, therefore, would be positive. For these
projects, this alternative would be better than any
other because it offers these improvements.

The effects of SOS 5b would be very different than
for 5c, however. Under 5b, natural river drawdown
would take place only for several months of each
year, after which the system operators would again
raise the pool. This alternative would relieve a few
sites in the high pool of some shoreline erosion, but
would expose sites in the deeper pool to a much
greater extent than before.

SOS 6

Alternative 6b would enlarge the drawdown zone at
the four lower Snake River projects. The rates of
simulated shoreline erosion and site exposure would
not change appreciably from the baseline for all
other reservoirs in the system. At the lower Snake
projects, the broader drawdowns would actually
cause a slight decrease in shoreline erosion, because
the shoreline would spend more time away from
sites high in the pool. Rates of shoreline erosion
would remain very low, however. The rates of site
exposure, on the other hand, would triple. This
increase would be less dramatic than it might at first
seem, however, since at these projects, rates would
move from very low (10-13 percent) to low rates of
impact (24 to 31 percent).

SOSs 9

The alternatives of SOS 9 offer a mix of operating
features that includes deeper drawdowns at the
lower Snake projects, and changes in storage reser-
voir operations to provide flow augmentations. Of
the three SOS 9 alternatives, 9a would clearly cause
the greatest increase in simulated overall rates of
impact. Unlike the other alternatives, it would not
improve shoreline erosion as it worsens site expo-

sure, or vice—versa. This alternative would cause a
6.2 percent higher rate of shoreline erosion than
Alternative 2c, and a 11.2 percent higher rate of site
exposure. SOSs 9b and 9c, by contrast, would cause
higher rates (7.4 and 7.9 percent, respectively) of
shoreline erosion than the baseline, but this would
be offset somewhat by small improvements in the
rates of site exposure.

SOS PA

The preferred alternative differs very little from the
baseline in its overall rates of impact. It would cause
slightly higher simulated rates of drawdown zone
exposure (by 2.2 percent), offset by slightly lower
shoreline erosion (by 0.7 percent).

Discussion

The alternatives that would not cause significant
change compared to Alternative 2c appear to be best
for cultural resources. These are the SOS 1 and 2
alternatives. Although alternatives 4c, 6b, 6d, 9b, 9c,
and the preferred alternative show very little differ-
ence from the baseline when shoreline erosion and
site exposure are added together, they would cause
changes in the individual rates of impact for shore-
line erosion and site exposure. This means that the
system equilibrium would be disrupted and that
impacts would accelerate at certain places where
they now occur at a slower rate.

The SOSs causing the greatest change, such as
SOSs 4, 5, and 9, appear to be the worst for cultural
resources. This interpretation assumes that shore-
line erosion and site exposure are roughly equal in
their impact, or that their effects are variable
enough that it is difficult to choose which may be the
worst. Under this interpretation, the least desirable
alternatives for cultural resources would be those
showing the greatest difference from baseline of
shoreline erosion and site exposure combined.
These are SOSs 5b, 5c, and 9a.

Other interpretations are possible by examining the
simulation results more closely, however, and by
choosing shoreline erosion as generally more damag-
ing than site exposure. The severity of the effects of
site exposure are highly variable, depending on local
circumstances. In some places, surface erosion due
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to wind and runoff will be very serious; in others, it
will not. Similarly, some sites are very accessible to
the public and experience vandalism when exposed,
and others are less accessible or more difficult to
detect. In addition, site exposure has the beneficial
impact of making sites accessible to scientific study
and traditional cultural practice. By contrast, shore-
line erosion constantly eats away at sites where it
occurs. It may be the most serious of the two
impacts.

If we take this assumption, that shoreline erosion is
most often worse than site exposure, then a new
picture of comparative effects emerges. Alternatives
that increase site exposure might be the best for
cultural resources, since these would allow access to
the sites for testing and eventual data recovery at
significant sites. These alternatives would have the
added benefit of improving shoreline erosion rates,
compared with the baseline, since shoreline erosion
and site exposure vary inversely in most of these
alternatives. These benefits only accrue, however, if
programs of testing and mitigation are undertaken.

When seen in this way, SOS 5c, surprisingly, has
several positive features, even though it would cause
the greatest overall departure from baseline. This
alternative would drawdown all lower Snake reser-
voirs to natural river level. Afterwards, the draw-
down zone would revegetate, providing both protec-
tion for and access to sites. At the same time, it
would decrease shoreline erosion, mostly at the
lower Snake River projects. Since the lower Snake
projects contain 224 sites in their operating pools,
for which ongoing impacts from reservoir operation
would all stop, it is difficult to avoid the conclusion
that this is the best alternative for cultural resources,
all other things being equal. In contrast, SOS 5b
involves repeated exposure and inundation of sites,
and would therefore accelerate impacts.

Seen in this light, SOS 4 also emerges as one of the
worst for cultural resources. It would decrease rates
of site exposure by covering up sites, but at the
expense of causing a much higher (11.7 percent) rate
of shoreline erosion, which is a constant and very
serious impact. This increase would occur at the

storage reservoirs, especially Albeni Falls and John
Day.

Another alternative that would accelerate impacts to
cultural resources would be SOS 9a, since it would
cause higher rates of both shoreline erosion (6.2 per-
cent) and site exposure (11.2 percent).

5.3 TRADITIONAL CULTURAL RESOURCES

Some of the affected Tribes submitted comments
concerning the analysis, comparison of alternatives,
and results. Following are brief excerpts from
reports by two of the Tribes. The full reports are
printed in the exhibits section at the end of this
Appendix.

From the Spokane Tribe of Indians

“The Spokane Tribe was not part of the screening,
scoping, or analyses included in the Cultural
Resources appendix. The Cultural Resource Work
Group presented the models and analyses to the tribes
after the models and analyses were largely completed,
and then only for the tribes to provide comment. The
federal agencies have not acknowledged nor used
tribal staff technical expertise, data, or experience, or
traditional tribal knowledge in the development of
alternatives, modeling, analyses, or interpretation of
results. It is not possible, after you have completed
most of the analysis, for the tribes to begin and be
included in a meaningful or significant way in the
SOR process. By excluding the tribes from the
screening, scoping, and analysis, they did not use all
available knowledge, nor could this knowledge be
considered in the decision—making process.
Knowledge and data held by tribes was excluded from
meaningful use and consideration in the SOR EIS
process.

Strong objection must be again made to the
descriptions of effects of Natural River Operations.

The exposure, erosion, and damage to cultural
resources which here is described as “maximum” of
any operations option, is (1) exaggerated, as
re—vegetation of exposed surfaces would be required,
and would greatly modify all of these effects; and (2) is
a short—term perspective, describing only the
temporary effects of return to natural conditions. Only
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in long—term natural river conditions can stability,
preservation, protection, and access to cultural
resources be reached.

The assumptions throughout Chapter 5 that current
operations constitute stable conditions and that a
sustained operation strategy creates stability are false.
Damage and destruction not only occur, but escalate
under most operation strategies, even if the operations
themselves remain the same. Continuation of current
operations has not created stable conditions at Lake
Roosevelt; continuation of any operation cannot be
automatically assumed to create a stable environment
for cultural resources. This chapter is flawed by
acceptance of false assumptions, inadequate data,
over—generalizations, the stating of opinions as if they
were fact, and lack of meaningful analysis. These
flaws do not constitute real consideration of impacts
on cultural resources, do not make best use of
available data, and do not allow decision—makers to
consider the impacts of different alternatives on
cultural resources.

Draft EIS, Appendix D, Pg 5—2 through 5—6,
Site—Specific Analysis. The title of this section (as in
Chapter 4) is misleading, because the authors do no
analysis for any specific site, but rather run previously
recorded numbers through a computer to spit out raw
number that reflect how many (raw count) previously
recorded sites, for previously recorded elevations, are
exposed according to monthly averages for reservoirs.
All previous comments concerning the lack of
adequate andfor accurate data, lack of consideration
of site size or type, lack of consideration for unsur-
veyed areas and resource types, lack of consideration
of real—time fluctuations (as opposed to monthly
averages for reservoir levels) apply here. This type of
description and analysis is not acceptable either in
scientific or tribal terms, and does not meet federal
responsibilities to manage and consider effects to
cultural resources in these reservoirs.

It is a critical mistake throughout this section (as in
Chapter 4) that “shoreline erosion” is equated

with percentage of previously recorded sites (with all
the problems listed above) located in the monthly
averages’ fluctuation zone. This is not only false, it is

ridiculous. Shoreline erosion is never addressed in
this analysis.

The exposure of archeological resources to wave
impact, furthermore, is most definitely no equatable to
“shoreline erosion,” though this false equation is
repeated over and over again in this document.
Exposure in the fluctuation zone and to wave impact
are very important impacts to cultural resources and
require serious consideration, but they are not
equatable 1o shoreline erosion. The analyses on
“shoreline erosion” were produced by plugging the raw
number (count) of previously recorded sites, by
previously recorded elevations, and comparing it to the
fluctuation zone for monthly average reservoir levels.
All previous comments concerning the lack of
adequate and/or accurate data, lack of consideration
of site size or type, lack of consideration for unsur-
veyed areas and resource types, lack of consideration
of real—time fluctuations (as opposed to monthly
averages for reservoir levels} apply here. The
researches acknowledge that surveys are extremely
biased to particular elevations (especially those
involved in the fluctuation zone), but continue
without correction or compensation or correction of
this problem, is a particularly critical flaw in these
analyses. The numbers produced, and the interpreta-
tion of these numbers, in these analyses are meaning-
less, and in no way reflect shoreline erosion or impact
of waves to cultural resources. This type of description
and analysis is not acceptable either in scientific or
tribal terms, and does not meet federal responsibilities
to manage and consider effects to cultural resources in
these reservoirs.

It would have been most interesting and productive
to see an analysis developed to determine the impact
of true fluctuation of the reservoirs, based on realized
fluctuation, not monthly averages. Use of monthly
averages does not reflect the greatest amount of
fluctuations that affect cultural resources. As long as
the Cultural Resource Work Group was “plugging in”
numbers into the computer, they could have used
real—time fluctuations as opposed to monthly
averages. The fluctuations that occur on hourly and
daily basis are completely ignored in this document,
and in consideration of effects on cultural resources,
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even though it is these hourly and daily fluctuations
that actually impact these resources.

The effects on cultural resources above high pool

are never considered in this document, though these
sites are directly and indirectly effected by reservoir
operations. A direct analysis of shoreline erosion and
view —jaudio —sheds would help to address the effects
operations on “higher” resources. There is no way at
this point for decision—makers to take the effects of
systems operation or the different alternatives on these
cultural resources.

Another repeated example is the false assumption
that inundation is a benign impact on cultural
resources. The authors and researchers explicitly
accept that this assumption is false, yet continue to
work and analyze data (which appear to be the “hard
facts”) without any attempt at correction or com-
pensation for the falsehood. Accepting the false
assumption that inundation is a benign impact to
cultural resources will result in incredible devastation
of resources, without their preservation or destruction
even being considered. Lack of accessibility to sites,
most permanently, is also never even considered as a
negative impact. This is not giving consideration to
the effects of system operations on these cultural
resources as required by law.”!

From the Confederated Tribes of the Umatilla
Indian Reservation

“Cultural Resource information in the SOR DEIS is
misrepresented, implying that stable storage alterna-
tives represent the best—cause scenario for Cultural
Resource management. In actuality there is not
enough quality data to make this determination.
Further, all the SOS alternatives will have an adverse
effect on Cultural Resources and the agencies must act
accordingly. The Cultural Resource modeling is an
academic exercise and is use full to a degree, but these
models need to be adequately tested before such broad
statements can be made.

The graphs and discussions of drawdown alterna-
tives are presented such that the drawdown alterna-

tives provide the worst—case scenarios regarding the
protection of Cultural Resources. Information from
the same analysis could be presented to suggest
otherwise, further illustrating the subjective character
of the analysis. The analysis actually suggests that
there are weaknesses and strengths of both stable
storage and drawdown alternatives, however, the
analysis does little to discuss the full spectrum. The
authors of the document simply assume that stable
storage is the best selection. After reviewing the
analysis in the Main Report and the Cultural
Resources appendix it is apparent that there is
insufficient baseline data to make such broad
generalizations about the management of Cultural
Resources.

It is suggested that the drawdown scenarios may

lead to increased access to cultural properties
encouraging traffic, looting and vandalism, as well as
making the site susceptible to wind erosion. The
analysis implies that the adverse effects increase
proportionally to the increase in exposure during
drawdowns. Further, the analysis suggests that
Cultural Resource properties will suffer increasing
natural erosion due to greater exposure.

The reality is, the very same natural erosion factors
will be present in all SOS alternatives and occur daily
along pools where reservoir levels are stable. Wave
erosion characteristics have actually buried Cultural
Resource properties, preventing them from being
exposed during drawdown. The analysis fails to
recognize that vandalism and wind erosion occur on
stable storage reservoirs as well as on drawn—down
pools, and that the shorelines in stable storage pools
fluctuate as much as six feet a day, causing impacts to
cultural properties including vandalism and erosion.

The Cultural Resource values portrayed in the

SOR DEIS emphasize scientific/archaeological values.
This emphasis does not reflect the importance of tribal
members continuing to use those resources to enhance
and restore aspects of living cultures. Drawdowns, for
instance, may provide access to areas that are
currently inundated and may allow tribal members 1o

IReview of SOR Draft EIS Appendix D. Cultural Resources, letter dated September 26, 1995.
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utilize these areas for traditional, cultural, religious or
other uses even during brief drawdowns.

There are several variables described in the Main
Report and Appendix D which illustrate the complexity
of Cultural Resource management issues. The
Columbia River Plateau is one of the most significant
archaeological regions in the country, perhaps the
world. Cultural Resources are irreplaceable,
non—renewable resources that are essentially priceless;
such considerations are not incorporated in any
meaningful way.

Almost nothing is discussed about the Columbia
River as a traditional Cultural Property as described in
Bulletin 38 prepared by the National Park Service.
This deference to science is troubling to the CTUIR
given the abundant comment we provided on the
significance of the Columbia Rive to our way of life.
The Cultural Resource analysis justifies the need for
future Historic Preservation Plans and Programmatic
Agreements (PAs). These plans and agreements will
ostensibly address all concerns not addressed in detail
in the study and bring the SOR agencies into
compliance with historic preservation laws.2

Very few sites have been nominated to the National
Register, almost none nominated by the SOR agencies
themselves. There is a desperate need to rerecord
many of the documented sites and new properties
using new methods and technologies such as
completed site forms, computer data bases, geographi-
cal information systems, global positioning satellites,
cameras, and video recorders.

How many previously unknown and unrecorded

sites are currently being impacted or will be discovered
during the implementation selected alternatives? This
is a concern because the agencies have failed in the
past to develop and implement adequate cultural
resources invenlory strategies as required under
Section 110 of the NHPA. Agencies have typically
allocated all financial resources to Section 106

undertakings and have not maintained programs that
assess the effects of their actions on properties under
their jurisdiction and control. Some of the SOR
agencies have consistently planned and implemented
Section 106 historic preservation activities without
consultation with the Tribes and there is concem
about the consistency of such consultation and
resource management because there are three lead
agencies and myriads of other parties involved in the
SOR.

There is a tremendous need to conduct oral

histories with knowledgeable tribal members to salvage
much of the information that has been lost by the
inundation and destruction of important resources
and resource gathering areas. The alteration of the
Columbia River System has damaged Native
American culture and life. There has been the loss of
many opportunities to continue practicing integral
parts of Columbia Plateau life. There is the immedi-
ate need to begin documenting place names, and
histories from elders and other tribal members who are
knowledgeable of such things. It is critical that Tribes
be allowed to gather information in their own
languages and in their own ways for the purpose of
managing cultural resources consistent with
traditional life. Many areas where language was
practiced have been lost due to inundation.

The agencies lack of support for their cultural
resources programs to address Section 110 concerns
such as ongoing historic preservation programs has left
the agencies in a situation where they need to make
recommendations about resources without the
necessary baseline to accurately portray the results.
This is not untypical of most federal agencies,

however, now that land management projects are
being developed on such large scales such as SOR,
Section 110 data will be crucial.3

The agencies failure to fully support programs to
address ongoing historic and Cultural Resource
preservation has left the agencies in a situation where
they need to make recommendations about resources

2CTUIR’s Draft Supplemental Comments on the SOR Draft EIS Appendix I. Federal Indian Law and other
Applicable Constraints on the SOR and the FCRPS, dated September 1995.

3Review of Cultural Resources, Concerns of the Systems Operation Review EIS Cultural Resources Appendix

dated October 12, 1995.
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without the necessary baseline data to sufficiently
portray the effects of the SOS alternatives. This past
failure to properly invest in the management of
Cultural Resources during facility operations is
tantamount to outright neglect and malfeasance.
There is no indication from the agencies that they will
begin to implement their historic and cultural
preservation responsibilities.

The SOR agencies must begin to identify how
Cultural Resource management will be funded, and
also demonstrate to the CTUIR and the public that
such funding will be used to implement historic and
Cultural Resources planning.”*

5.4 SUMMARY OF EFFECTS

The computer simulation and geomorphic approaches
to assessing the system’s effects on cultural resour-
cees agree very generally that SOSs 1a and 2¢ would
be the best alternatives for cultural resources be-
cause they would cause the least amount of change
from the current operating regime. In addition, the
geomorphic analysis predicts additional adverse
effects from SOSs 2c and 2d that the simulation does
not predict. These are slope failures in silty soils on
steep slopes resulting from flow augmentations with
target spills, and new long—term shoreline stands
that would cut deeper shoreline benches.

The two approaches also agree that SOSs 5 and 9
would cause the most dramatic increases in adverse
effects to cultural resources. The simulation model
shows SOS 5 increasing the rate of site exposure
much more than it decreases the rate of shoreline
erosion. Under the geomorphic analysis, the draw-
downs to natural river level at the lower Snake
projects would dramatically increase erosion and
sedimentation at these reservoirs because of the
large drawdowns that SOS 5 would involve.

The outcome of SOS 4 is less certain in either
analysis. According to the simulation model, SOS 4
would decrease the rate of site exposure, but in-
crease the rate of shoreline erosion dramatically.

This is because many of the known sites are located
in high pool areas and because SOS 4 features high
reservoir pools in the summer. According to the
geomorphic analysis, SOS 4 would be beneficial to
cultural resources most of the time because it would
involve a more stable reservoir with a narrower range
of fluctuation. The negative feature of SOS 4, under
this analysis, is its rapid drawdown at Dworshak and
John Day in the fall. This could cause slope failures
in silty soils and on steep slopes.

The approaches also disagree regarding SOS 6.
According to the geomorphic analysis, SOS 6 would
be particularly bad for cultural resources. This alter-
native would involve the establishment of relatively
long—term new stable shoreline stands that would cut
deeper benches at new locations at the lower Snake
projects. The simulation results do not show a large
change from the baseline in potential effects at all
known sites. They predict that, while the rate expo-
sure of known sites would increase under this alterna-
tive, shoreline erosion rates would decrease slightly.

Both approaches agree that the preferred alternative
would not cause dramatically increased rates of
ongoing impact, compared to the other alternatives.
The simulation shows only small changes in the rates
of shoreline erosion and site exposure, compared with
the baseline. The geomorphic analysis notes that the
supply of flow augmentation water under this alterna-
tive would be shared by several reservoirs, which
would lessen the impacts from drawdowns and fluc-
tuations that would otherwise occur, though it also
notes that the preferred alternative would create
wave—cut benches at new reservoir levels. Table 5—2
at the end of this chapter is a general summary of the
potential effects of the alternatives.

5.5 CUMULATIVE IMPACTS

Cumulative effects are the combined impacts of many
separate actions and may take many different forms.
For example, repeated drawdown and refill at a single
reservoir causes the erosion of cultural resources in a
way that is both incremental and cumulative. Other

4CTUIR’s Draft Supplemental Comments on the SOR Draft EIS Appendix I. Federal Indian Law and other
Applicable Constraints on the SOR and the FCRPS, dated September 1995.
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features associated with reservoir construction and
operation may each have a small effect in isolation.
However, when taken together, they may cause
damage or destruction to a large proportion of the
significant cultural resources along the mainstem of a
particular river or river system. Contributing factors
can include the cumulative impoundment of a river
segment, repeated effects of flushing flows, levee
construction, and the addition of recreational facili-
ties, housing developments, and bridge crossings.

Incremental river impoundment has caused or will
eventually cause some of the most serious cumulative
effects in the Columbia Basin. Federal and non—
Federal projects constructed on the Columbia and
Snake rivers and their tributaries have impounded an
increasingly large proportion of the river system.
There are thus fewer stretches of uncontrolled river
where cultural resources are not subject to reservoir
impacts. Certain stretches of the river basin—such as
the lower Columbia from Bonneville to McNary, and
the lower Snake from the Columbia confluence to
Lower Granite—are entirely inundated. The lower
Columbia, for example, is continuously inundated
above Bonneville for 207 miles (270 kilometers)
(Corps of Engineers, 1977).

The cumulative effects of system operation also
pertain to the repeated incremental impacts of
erosion and exposure within and between the reser-
voirs. The reservoirs can act as giant sluices, slowly
stripping away the protective covering that most
archeological sites have prior to inundation. These
effects are especially pronounced at the heads of
reservoirs and at inundated tributary mouths. The
longer a reservoir has been in operation, the greater
the effect.

The cumulative effects of reservoir erosion are
dramatically illustrated by the rate of discovery of
new archeological sites following the construction of
Libby Dam. Archaeologists identified about

25 archeological sites in the uncleared reservoir pool
area before reservoir construction. In the first

5 years following reservoir filling, a sampling study
identified 100 additional archeological sites and
estimated that a total of 3300 sites might be present.

After 10 years, inventory surveys in the drawdown
area actually disclosed more than 300 archeological
sites. The same erosive processes that revealed these
formerly hidden sites will continue to erode the site
deposits destructively. At older reservoirs, preserva-
tion efforts may be too late—many sites in their pools
may have been destroyed.

The effect of the system reservoirs on downstream
river reaches and non—Federal impoundments is also
cumulative. Rapid fluctuations in these river reaches
can cause river bank slumping that destroys cultural
resources. When combined with the erosion of
cultural resources at the reservoirs themselves, the
cumulative effect is significant, placing a relatively
high percentage of the region’s significant riverine
cultural resources in jeopardy.

Another kind of cumulative effect upon cultural
resources has resulted from the expanded develop-
ment of reservoir shorelines for industrial facilities,
commercial shipping, navigation, public recreation,
and residential use. These developments indirectly
cause cumulative impacts to cultural resources at and
near the Federal projects.

The cumulative effects at SOR storage projects
include, most importantly, the cyclic hydraulic effects
of drawdown, discharge, and refill. The cumulative
effects at run—of—river projects are more likely to be
related to streambank erosion and stabilization
efforts and the development of housing, recreation,
irrigation, and transportation facilities.

As system operation eventually destroys a large per-
centage of the cultural resources at these reservoirs,
the cumulative effect will be the loss of heritage sites
and scientific resources from the river mainstem in an
entire region. This is important because the cultural
resources along the mainstem are not duplicated or
replaced at other locations. Because most cultural
resources are nonrenewable, this would be a signifi-
cant cumulative impact. Under SOSs 5b and 6, as
noted earlier, the lower Snake River reservoirs would
sustain a large acceleration in impacts. This would
constitute a significant cumulative impact, because
these reservoirs, plus McNary, cover all of the Snake
mainstem downstream of the Clearwater confluence.

5-12 FINAL EIS
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Table 5-2. Summary of Effects of the Alternatives in Terms of Geomorphic Change, and Change in Rate of

Site Destruction as Compared with SOS2¢ 1

SOS Upper Columbia 3 Grand Coulee Dworshak Lower Snake 3 Lower Columbia 3
la: Ongoing impact Ongoing impact
Pre-Salmon Summit from exposure from exposure,
Operation Pool fluctuations for Pool fluctuations for erosion, vandalism erosion, vandalism
power increase power increase
1b: sloughing and erosion | sloughing and erosion | Additional sloughing Much slower 2 Ongoing impact
Optimum }.oad— Ongoing impact from Additional sloughing due to hydl_'opower site <_iestruction erm exposure,
Following exposure, erosion, due to hydropower operations at Little Goose erosion, vandalism
vandalism, ice gouging operations Moderately (1b) or
slightly slower site
destruction at
Lower Granite
2c: Ongoing impacts from Ongoing impacts Ongoing impact
No-Action exposure, erosion, from exposure, from exposure,
Alternative vandalism, ice gouging erosion, vandalism erosion, vandalism New stable shorelines Ongoing impact
and from exposure,
2d: Flow augmentation Flow augmentation Flow augmentation wave—cut benches, erosion, vandalism
Final SEIS—1994-98 increasessloughing increasessloughing increasessloughing April-August
Biological Opinion at Libby
4c: Much slower site
Stable Storage destruction at Libby
Operation and Hungry Horse,
with small increase in Ongoing impacts Rapid fluctuation Ongoing impact Ongoing impact
shoreline erosion offset from exposure, causes slope failure from exposure, from exposure,

by larger decrease in
site exposure

Slightly faster site
destruction at Albeni
with decrease in site

exposure offset by

larger increase in
shoreline erosion.

erosion, vandalism

erosion, vandalism

erosion, vandalism

Upper Columbia projects are: Libby, Albeni Falls, and Hungry Horse.

Lower Snake Projects are: Lower Granite, Little Goose, Lower Monumental, and Ice Harbor.
Lower Columbia Projects are: McNary, John Day, The Dalles, and Bonneville.

The change in rate of site destruction combines effects of shoreline erosion and site exposure. These sometimes offset (see Sections 4.5 and 5.2).

Rates of site destruction are: slightly faster/slower, 5—15 percentage point change; moderately faster, 15—25 points; much faster, >25 points.
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Table 5-2. Summary of Effects of the Alternatives in Terms of Geomorphic Change, and Change in Rate of Site
Destruction as Compared with SOS2¢ 1 - CONT

SOS Upper Columbia 3 Grand Coulee Dworshak Lower Snake 3 Lower Columbia 3
5b: New shorelines
Natural River- cause new
4.5-month drawdown Pool fluctuations for Pool fluctuations for Drafting causes wave-cut benches
power increase power increase increased erosion Much faster o
sloughing and erosion | sloughing and erosion site destruction Ongoing impact
at all four projects from exposure,
erosion, vandalism
Ongoing impact from Ongoing impact from Moderately slower 2
Se: exposure, erosion, exposure, erosion, site destruction Drawdown exposes
PermanentNatural | yapdalism, ice gouging vandalism slopes, which
River Operations revegetate, protecting
cultural resources
6b: Much faster site
Drawdown- Pool fluctuations for Pool fluctuations for destruction at
4.5 month, four projects power increase power increase all projects
sloughing and erosion | sloughing and erosion New shorelines cause
new wave-cut benches L.
Ongoing impact
Moderately slower from exposure,
6d: site destruction Much faster site erosion, vandalism
Drawdown at Ongoing impact Ongoing impact destruction at Lower
Lower Granite from exposure, from exposure, Granite, ongoing
4.5 month erosion, vandalism, erosion, vandalism impacts at other
ice gouging projects
New shorelines
cause new

wave-cut benches

Upper Columbia projects are: Libby, Albeni Falls, and Hungry Horse.

Lower Snake Projects are: Lower Granite, Little Goose, Lower Monumental, and Ice Harbor.
Lower Columbia Projects are: McNary, John Day, The Dalles, and Bonneville.

The change in rate of site destruction combines effects of shoreline erosion and site exposure. These sometimes offset (see Sections 4.5 and 5.2).

Rates of site destruction are: slightly faster/slower, 5—15 percentage point change; moderately faster, 15—25 points; much faster, >25 points.
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Table 5-2. Summary of Effects of the Alternatives in Terms of Geomorphic Change, and Change in Rate of Site
Destruction as Compared with SOS2¢c. 1 - CONT

SOS Upper Columbia 3 Grand Coulee Dworshak Lower Snake 3 Lower Columbia 3
9a: Increasedsloughing
Detailed Fishery and erosion due to flow
Operating Plan augmentation Increasedsloughing Increasedsloughing
Much faster site and erosion due to flow | and erosion due to flow Much faster Ongoing impact
destruction at Libby augmentation augmentation site destruction from exposure,
Moderately slower site Slightly faster site Slightly slower at all four projects erosion, vandalism
destruction at Hungry destruction site destruction
Horse and Albeni Falls
9b: Increasedsloughing Moderately faster
Adaptive and erosion due to flow site destruction at
Management augmentation Increasedsloughing Increasedsloughing Lower Granite and
Ongoing impact from and erosion due to flow | and erosion due to flow Little Goose
exposure, erosion, augmentation augmentation Ongoing impact
vandalism, ice gouging from exposure,
erosion, vandalism, L.
at other projects Ongoing impact
from exposure,
9c: Increasedsloughing erosion, vandalism
Balanced Impacts and erosion due to flow
augmentation Slightly faster site Slightly faster site Much faster site
Ongoing impact from destruction destruction destruction at all
exposure, erosion, four projects
vandalism, ice gouging
PA: Moderately slower Moderately faster Ongoing impact
Preferred site destruction at Ongoing impact Ongoing impact site destruction at from exposure,
Alternative Hungry Horse from exposure, from exposure, Lower Granite vandalism, ice gouging
Ongoing impact from v andahgm, .vandahs‘m, Slightly faster Increasedsloughing
exposure, vandalism, 1ce gouging lce gouging site destruction at and erosion due to flow
ice gouging Little Goose augmentation at
at other projects John Day

The change in rate of site destruction combines effects of shoreline erosion and site exposure. These sometimes offset (see Sections 4.5 and 5.2).

2 Rates of site destruction are: slightly faster/slower, 5—15 percentage point change; moderately faster, 1525 points; much faster, >25 points.

Upper Columbia projects are: Libby, Albeni Falls, and Hungry Horse.

Lower Snake Projects are: Lower Granite, Little Goose, Lower Monumental, and Ice Harbor.
Lower Columbia Projects are: McNary, John Day, The Dalles, and Bonneville.
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CHAPTER 6

MANAGEMENT RESPONSIBILITIES

6.1 OVERVIEW

The usual final step in the impact assessment pro-
cess for cultural resources under the NHPA requires
preparation of a MOA and PA among the Federal
agencies, SHPOs, Indian Tribes, and the ACHP,
which addresses adverse effects to cultural resources
under the authority of Sections 106 and 110 of the
NPHA. After 2 years of meetings and discussions
among the parties it has become apparent that
common agreement among all parties cannot be
achieved in a single agreement document. Instead,
documentation for the undertaking and its effects
will be forwarded without an agreement to the
ACHP for comment under 36 CFR Part 800.6.
ACHP comments will be addressed in the RODs, if
applicable, and in followon agreements for SOR
implementation.

Two separate kinds of agreement documents are
envisioned. One type of document will be an inter-
agency agreement among the three SOR lead agen-
cies based upon a statement of shared principles and
commitments. The statement of principles and
commitments will identify generalized goals of the
SOR agencies, whereas the interagency agreement
will identify specific agency roles, responsibilities,
and commitments for budget allocations necessary to
meet cultural resources requirements for Section 106
and 110 compliance. The other kind of document
includes individual agreements, called Implementa-
tion Plans (IPs), covering specific projects of river
reaches. (These are called various names including
Cultural Resources Management Plans, Historic
Property Management Plans, Cultural Resource
Action Plans). IPs will specify appropriate treatments
for the effects of the SOR on historic properties,
require detailed historic preservation plans (HPPs),
interim measures necessary to carry out the agreed
upon treatments, and identify funding actions that
may be called for in the HPPs. Whereas the inter-
agency agreement will involve only the lead SOR

agencies, the IPs will involve consultation with
affected Indian Tribes, other cooperating agencies,
ACHP, and SHPOs.

Several important steps are involved in the prepara-
tion of IPs. These include a process for the identifi-
cation and evaluation of the significance of affected
cultural resources and the development of coordi-
nated plans taking into account and mitigating the
adverse effects to significant resources. Mitigation
or treatment refers to actions designed to lessen or
offset the loss of significant resources due to the
adverse effects of an agency undertaking. The
individual IPs will describe the anticipated project
impacts on cultural resources and identify the ap-
proved mitigation or treatment plans, including
stipulations and conditions for identification, evalua-
tion and management, as well as recommendations
for protection, monitoring, data recovery, site stabi-
lization, and curation of recovered artifacts. In
addition, the IPs will contain provisions for Native
American consultation and coordination under the
authorities of the AIRFA and NAGPRA and estab-
lish curation provisions.

A comparison of the alternatives described in Chap-
ter 5 indicates that some level of adverse impacts to
significant cultural properties is likely to occur at all
the Federal projects as a result of system operations.
These adverse effects on significant cultural proper-
ties in turn require mitigation or treatment. The
present extent of cultural resource identification and
evaluation at individual reservoirs, however, is highly
variable; and completion of these tasks stands out as
the immediate responsibility of the operating agen-
cies. A closer look at these problems and potential
responses follows:

6.2 DETERMINATIONS OF ADVERSE EFFECT

According to the “Criteria of Effect and Adverse
Effect” established in 36 CFR Part 800.9, the effects
of a variety of reservoir operations would be adverse
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effects. Therefore, the adverse effects from opera-
tions at the Federal dam reservoirs in the Columbia
River system must be addressed at the individual
project level in IPs by each managing agency. The
adverse effects of alternatives proposed in the SOR
EIS are increments beyond those occurring as a
result of the current authorized operating limits at
each Federal dam facility. The comparison of
effects for different SOR alternatives in Chapter 5
indicates that most of the proposed alternatives fall
within existing authorized limits for most Federal
dams. The problem in this analysis is that the
majority of inventoried cultural resources sites at the
Federal dams have not been evaluated for their
significance or National Register eligibility (36 CFR
Part 63). Discussion of mitigation or treatment for
adversely affected cultural resources at the Federal
dams in the Columbia River system must be ad-
dressed in IPs by the agencies on a facility—by—
facility basis, considering the extent of each facility’s
compliance with Sections 106 and 110 of the NHPA.

6.3 MITIGATION OR TREATMENT OF
AFFECTED CULTURAL RESOURCES

The usual subjects for mitigation or treatment are
National Register eligible sites threatened by ad-
verse impacts such as construction impact, inunda-
tion, erosion, or vandalism. This study has pointed
out that the majority of inventoried cultural resource
sites in the Federal reservoirs of the Columbia River
system have not yet been evaluated (through Deter-
minations of Eligibility for the National Register).
However, the SOR affords an opportunity to ad-
vance the site evaluation process for mitigation or
treatment planning at the individual Federal reser-
voirs. Therefore, accelerated site evaluation studies
are recommended as essential components in the
development of IPs for each Federal reservoir.
Mitigation or treatment planning hinges upon this
site evaluation process. Actual mitigation or treat-
ment measures may vary. Some of the common
options include the following:

Avoidance or Protection

Whenever possible, Federal agencies attempt to plan
projects in such a way as to avoid impacts to cultural

resources. Only as a last resort, when destructive
effects cannot be avoided will the agency conduct
data recovery. In the case of reservoirs, it is often
difficult to avoid impacts to resources. Some mea-
sure of protection can, however, be secured through
bank stabilization programs or protective levees at
locations where significant cultural resource sites
occur and bedrock and soil characteristics permit
such treatment. Covering sites or erecting barriers
around them are other protective measures used in
managing cultural resources. Site protection also
includes intensive management efforts such as
signage, public education programs, and law enforce-
ment efforts,

Monitoring

Reservoir monitoring, with special attention to site
conditions, is a key means by which the operating
agencies manage cultural resources. Site evaluation
is not part of monitoring. Rather, monitoring de-
scribes on—the—ground activity to document impacts
or changes to cultural resource sites over time which
can assist in the development of appropriate protec-
tion measures. Site observation and protection are
directed specifically to areas of erosion impact, such
as streambanks and the drawdown zone, and to
preventing unlawful artifact collection and vandalism.

Data Recovery, Curation, and Site Stabilization

When an evaluated cultural resource from a geologi-
cal deposit is threatened by loss due to erosion,
vandalism, or construction activity, strictly controlled
scientific data recovery may constitute the only way
to document the significance and offset the loss. All
scientific excavation is conducted under site —specific
research plans developed in consultation with the
appropriate parties. A key legal requirement of the
data recovery process involves the curation of all
recovered artifacts and associated documentation in
a facility meeting the standards of 36 CFR part 79.
This is to insure the preservation in perpetuity of
such cultural resource collections for their scientific
research and educational value. If the level of
significance is high and geologic and soils conditions
are favorable, significant sites may be protected by
stabilization efforts such as site capping, slumpage
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control and stream—bank stabilization rather than
excavation.

Consultation with Indian Tribes

Any mitigation or treatment effort undertaken by
the managing agencies will require consultation with
affected Indian Tiibes. Such consultation must take
into account the Federal agency government—to—
government and tribal trust responsibilities. Discus-
sions need to include mitigation or treatment and
management measures that are sensitive to Tribal
concerns yet responsive to scientific data recovery
and curatorial needs and requirements. Affected
Indian Tribes will participate in direct and meaning-
ful ways in cultural resource management, including
planning and implementation efforts, and Tribes may
contribute to the development of IPs at specific
reservoirs.

Coordination with mitigation efforts for other
resources

Other SOR work groups also are developing mitiga-
tion plans to address SOR impacts on a variety of
natural resources and Federal project activities.
These include resident fish, wildlife, recreation, and
irrigation. In some situations, cultural resources
appear in the same physical context as these other
resources or activities. Where such overlaps occur,
planners need to coordinate mitigation activities so
that actions benefiting one resource do not inadver-
tently harm another. IPs for the treatment of cultur-
al resources will attempt to address issues common
to mitigation for multiple resources at a project.
The reader is referred to other SOR EIS technical

appendices for their discussions of mitigation actions.

6.4 LEGAL COMPLIANCE

Each operating agency, or the SOR agencies collec-
tively, must address their compliance requirements
under Sections 106 and 110 of the NHPA for each
Federal reservoir. Figure 6—1 identifies the gen-
eralized Section 106 Federal agency consultation
process with the Advisory Council. (This process
begins consultation when ACHP is notified that
National Register eligible historic properties may be

adversely affected by a Federal undertaking; for
Federal agencies, however, consultation begins
earlier in the process with efforts to identify and
evaluate significant cultural resources). ACHP
procedures provide several options: individual
reservoir Memoranda of Agreement (MOA), a
single or multiple PA(s), the use of existing MOAs
and PAs, some combination of the above types of
agreements, or no agreement. These options are the
legal basis for SOR mitigation or treatment at the
individual projects, and their acceptance or comment
by the ACHP signifies legal compliance with the
NHPA by the participating Federal agencies.

In addition to the Section 106 requirements, Sec-
tion 110 of the NHPA mandates that Federal agen-
cies have cultural resources management plans to
provide for the protection of significant cultural
resources under their jurisdiction. The SOR agen-
cies have initiated the consultation process with the
SHPOs, the ACHP and the Tribes and have deter-
mined that it is not feasible to seek concurrence in a
single agreement document. Accordingly, the SOR
agencies elect to secure ACHP comment without an
agreement document. However, a two pronged
approach is proposed to achieve SOR agency com-
mitment through an umbrella interagency agree-
ment, and then to secure the direct participation of
Indian Tribes, cooperating agencies, and interested
parties in planning and execution of management
efforts for IPs at individual reservoirs or reaches.

Individual IPs will stipulate the development of
treatment plans, funding actions, specific time
frames for activities, any necessary interim manage-
ment plans, and decisionmaking processes for ac-
complishing Federal agency/Tribal treatment of
cultural resources affected by the SOR at specific
Federal projects. In particular, the individual PCs
would tailor the consulting and implementation
process to the differing needs and legal rights (based
on treaties, executive orders, laws, judicial decisions,
and other legally binding documents) of the various
Tribes. The individual Tribal MOAs will create
formal, on—going partnership between the Federal
agencies and individual Tribes for the decisions
needed to treat the affected cultural resources.
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Figure 6-1.

Preservation Act)

Figure 6—2 identifies the present status of NHPA
Section 106 compliance at SOR dams. All of the
storage reservoirs (Hungry Horse, Libby, Albeni

Falls, Grand Coulee and Dworshak) are covered by
a 1991 PA for BPAs Intertie Development and Use
EIS. A 1982 Corps of Engineers PA applies to its

Walla Walla District dams (Dworshak, Lower Gran-

President’'s Advistory Council Section 106 Procedures (National Historic

ite, Little Goose, Lower Monumental, Ice Harbor
and McNary). SOR dams lacking MOAs or a PA
under Section 106 include three Corps of Engineers
dams operated by the Portland District (John Day,
The Dalles, and Bonneville) and one Seattle District
dam (Chief Joseph).
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6.5 TREATMENTS FOR ADVERSE EFFECTS

The precise mix of treatments for the adverse effects
on cultural resources at each reservoir caused by
system operations will vary, depending on the
alternative operation chosen and the outcome of
consultations among the parties to the individual
IPs. In the case of the preferred alternative, a wide
range of treatments will be appropriate because of
differences between the system wide effects and the
specific impacts at individual reservoirs.

On a system wide basis, the simulation study indi-
cates that the preferred alternative does not greatly
alter the overall rates of impacts from current opera-
tions. It slightly increases the rates of drawdown
zone exposure but produces slightly lower shoreline
erosion. However, based on the geomorphic analy-
sis, the preferred alternative would worsen erosive

conditions, system—wide, as compared to existing
operations. In any case, the cumulative effects of
system operations focused on drawdowns and aug-
mented flows will be the continued loss of unique
and irreplaceable cultural resources.

At a minimum, it would seem appropriate for the
IPs to call for completion of surveys, inventories, and
evaluations of sites and traditional cultural proper-
ties on affected reservoir lands. For identified sites
and properties, periodic monitoring will be necessary
until mutually acceptable treatments are agreed to,
such as protection in place — — or where absolutely
necessary — — data recovery. Appropriate treat-
ments for significant cultural resources need to be
worked out and priorities set among the SOR agen-
cies, Tribes, SHPOs, and cooperating agencies for
each reservoir or reach, based on available funding
allocations.
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CHAPTER7
LIST OF PREPARERS
Table 7-1. List of Preparers, Contributors, and Affected Tribes
Name Education/Years of Experience and Role In
Experience Expertise Preparation
Michael Ary B.S. Geography NEPA Impact Analysis Reviewer
Bonneville Power 14 years
Administration, Porland
Linda Burbach NEPA Specialist NEPA decision process, public | Assist with group coordination
Bonneville Power 15 years involvement
Administration, Portland
Maureen Corcoran M.S., Geology Geographic Information Analysis for erosion study
US Amy Corps of System
Engineers Waterways
Experiment Station,
Vicksburg MS
Doug Davy Ph.D., Anthropology Prehistory, Cultural Resource | Impact analysis and
Foster Wheeler 15 years Management (CRM) comparison based on exposure
Environmental,
Sacramento, CA
Charles James M.A., Anthropology NW prehistory, ethnohistory, Reviewer
Bureau of Indian Affairs 27 years contemporary Indians, CRM
John Leier M.A. Anthropology NW prehistory, CRM Contributor and reviewer
Comps of Engineers, 17 years
Walla Walla
Lynne B. MacDonald M.A. Anthropology Historical archeology Contributor and reviewer
Bureau of Reclamation, 18 years NW prehistory, CRM
Boise, Idaho
Michael Martin B.S., Anthropology Historic land use, Compiler
Corps of Engineers, 21 years NW prehistory
Portland
Gary McLean MA., Anthropology NW prehistory, CRM Hungry Horse cultural inventory
Forest Service,
Flathead National Forest
Kalispell, MT
Robert R. Mierendorf M.A., Anthropology CRM Lake Roosevelt site record
National Park Service, inventory data
North Cascades National
Park, Marblemount, WA
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Table 7-1. List of Preparers, Contributors, and Affected Tribes — CONT
Name Education/Years of Experience and Role In
Experience Expertise Preparation
Paul Nickens Ph.D., Anthropology Site stabilization Dworshak-John Day
Battelle-Pacific NW resenvoir erosion analysis
Laboratory and modeling
Hanford, WA
Wayne Prokopetz CRM Reviewer
National Park Service
Seattle, WA
David G. Rice Ph.D., Anthropology NW prehistory, ethohistory, Contributor and reviewer
Corps of Engineers, Seattle | 28 years contemporary Indians, CRM
Lawr Salo B.A. Anthropology NW prehistory, CRM Contributor and reviewer
Corps of Engineers, Seattie | 25 years
Lawson Smith Ph.D., Geology Geomorphology Analysis for erosion study of
US Amy Cormps of Dworshak-John Day reservoir
Engineers Waterways areas
Experiment Station,
Vicksburg MS
Jay Sturgill B.A., Geology Geomorphology, erosion Analysis of effects, writer
Corps of Engineers, 27 years sedimentology
Portiand
James W. Thomson Ph.D., Anthropology CRM Reviewer
National Park Service NW prehistory
Seattle, WA
Rebecca Timmons M.A., Anthropology NW prehistory Lake Koocanusa drawdown
US Forest Senice monitoring
Kootenai National Forest
Libby, MT
Ray Tracy M.A. Anthropology NW prehistory, CRM Reviewer
Corps of Engineers, 7 years
Walla Walla
William Willingham Ph.D., History American History, CRWG Leader,
Corps of Engineers 29 years NW focus, Cultural resource | reviewer and editor
North Pacific Division management (CRM)
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Affected Sovereign Indian Nations

Blackfeet Tribe

Bums Paiute Tribe

Coeur d’Alene Tribe

Confederated Tribes of the Colville Reservation
Confederated Salish and Kootenai Tribes

Confederated Tribes and Bands of the Yakama Indian Nation
Confederated Tribes of the Umatilla Indian Reservation
Confederated Tribes of the Warm Springs Indian Reservation
Kalispel Indian Tribe

Kootenai Tribe of [daho

Nez Perce Tribe

Shoshone—Bannock Tribes
Shoshone—Paiute Tribes of Duck Valley

Spokane Tribe of Indians
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CHAPTER 8

GLOSSARY

Advisory Council: The Advisory Council on Historic
Preservation, a body appointed by the President that
advises federal agencies regarding historic preserva-
tion.

Allavial: Unconsolidated and sorted to semi—sorted
material deposited by a stream or other body of run-
ning water during relatively recent geologic time.

Anadromous fish: Fish, such as salmon or steelhead
trout, that hatch in freshwater, migrate to and mature
in the ocean, and return to fresh water as adults to
spawn.

Anthropogenic stresses: Human—caused stresses.

Archeological context: The setting of an artifact or fea-
ture in an archeological site; or, its set of spatial, tem-
poral, and functional relationships to other artifacts
and features or the landscape.

Archeological site: A deposit, construction, or other
trace of human behavior, generally greater than 50
years old.

ARPA: Archeological Resources Protection Act of
1979 (16 USC 470aa—47011).

Augment: Increase; in this application, increase river
flows above levels that would occur under normal op-
erations by releasing water from storage reservoirs,

Biological rule curves: Reservoir water levels, repre-
sented as curved lines on graphs depicting the levels
over time, that guide reservoir operation to meet the
stream flow requirements of biological species such as
salmon or white sturgeon.

Bioturbation: Biological disturbance of cultural re-
sources, such as cattle trampling or rodent burrowing.

BPA: Bonneville Power Administration

Cataclysmic floods: Floods of a magnitude greater
than that known during the historic times. Cataclysmic

floods occurred during the glacial epoch when ice—
dams impounding very large lakes broke, releasing very
large volumes of water in the Columbia basin.

Catastrophic floods: See Cataclysmic Floods.
CEAA: Canadian Entitlement Allocation Agreements

Ceded lands: Lands to which Indian leaders by treaty
relinquished claim of ownership to the United States
Government.

Colluvial: Loose, heterogeneous, and incoherent soil
and rock deposited by rainwash, sheetwash, or creep,
usually at the base or sides of hills.

Coordination Agreement: Pacific Northwest Coor-
dination Agreement

Corps: U.S. Army Corps of Engineers

CRWG: Cultural Resources Work Group (for Colum-
bia River System Operation Review)

Cryoturbation: Disturbance of cultural resources by
freezing, or alternating freezing and thawing.

Cultural resources: Archaeological and historic sites,
historic architecture and engineering, and traditional
cultural properties.

Cultural site: A property of archaeological, historic, or
cultural significance.

Cultural site exposure: Making an archaeological, his-
toric, or traditional cultural property vulnerable to ero-
sion or vandalism; for example, by lowering a reservoir
water level to uncover an archaeological site.

Curation: The cataloging, storage, and preservation of
artifacts and other archaeological or historic materials.

Depositional processes: Processes that create and
transform archaeological or geological deposits.

Digitized: Put into digital form.

1995

FINAL EIS 8-1



8

Cultural Resources Appendix

Draft: To lower the elevation of a reservoir by releasing
water.

Drawdown: To lower the water surface of a reservoir by
releasing water at a rate faster than inflow.

EIS: Environmental Impact Statement
EPA: U.S. Environmental Protection Agency

Erosional processes: Processes such as landslide and
sheetwash, that change landforms by reshaping them,
wearing them away, or destroying them.

ESA: Endangered Species Act (16 USC 1531 et seq.)

Ethno—archeological survey: A study of ways in which
traditional cultural practices might lead to the forma-
tion of sites or deposits observed archaeologically.

Ethnographic compilation: The collection of scientific
information about the culture and lifeways of ethnic or
cultural groups.

Extant archeological record: The information that ar-
chaeologial sites contain about prehistoric lifeways.

Extrapolation: To infer, estimate, or project from
known information or conditions to unknown or hypo-
thetical conditions,

Flow: The volume of water passing a given point per
unit of time, often measured as cubic feet per
second (cfs).

Fluctuation zone: The area of a reservoir pool within
which the reservoir surface moves up and down.

Fluvial: Of, pertaining to, or inhabiting a river or
stream.

Forum: Columbia River Regional Forum
FS: U.S. Forest Service

Full pool: The maximum level of a reservoir under its
established normal operating range.

FWS: U.S. Fish and Wildlife Service

Geomorphic/geomorphological: Having to do with
landforms and the forces that change them.

GIS: Geographic Information System

Historic property: An archaeological, historic, or
traditional cultural property.

Historic resource: A cultural resource; or, a property
belonging to a time and place for which written records
are available.

Holocene salmonid: A fish belonging to the salmon
and trout family (Salmonidae) and living during the
Holocene epoch of geological history (within the past
10,000 years).

Housepit villages: Indian villages containing houses
formed partly by excavation.

HPMP: Historic Property Management Plan

Hydraulic: Operated by water or other liquids under
pressure

Hydrology: The study of water and its transformations,
including the cycle of evaporation, transpiration, preci-
pitation, and runoff

Hydroregulation model: A computerized model using
numbers to represent volumes of water stored in or
flowing through a water project or projects.

HYDROSIM: The hydroregulation model BPA devel-
oped to to simulate the alternatives for operating the
Columbia River System (SOS alternatives).

Impoundment: A confinement or enclosure such as a
reservoir.

Indian lands: Lands owned by Indian tribes.

Interstitia/interstitial pores: Air spaces between soil
or rock particles.

Ionic exchange: A chemical reaction between a solid
and a fluid by means of which ions may be inter-
changed.

Juvenile: An immature fish or animal; for example,
salmon smolts during their migration downstream to
the ocean.

Lacustrine: Pertaining to a lake or lakes

Lithic quarries: Places where Indians collected or
mined stone suitable for toolmaking.
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Locks: Chambered canals or waterways providing a
means for boats or barges to bypass dams, rapids, or
other obstructions to river navigation.

Low pool: The lowest water surface elevation allowed
at a given reservoir.

MAF: Million acre—feet
Mammalian faunal sequence:

MAX: Maximum operating pool, the highest water sur-
face elevation allowed at a given reservoir.

Mitigation: To moderate or compensate for an impact
or effect.

MOA: Memorandum of Agreement; a legal document
stipulating responsibilities and actions to which the sig-
natories agree.

MOP: Minimum operating pool; the lowest water sur-
face elevation allowed at a reservoir.

NAGPRA: Native American Graves Protection and
Repatriation Act of 1991 (25 USC 3001 et. seq.)

NEPA: National Environmental Policy Act (42 USC
4321-4347)

NHPA: National Historic Preservation Act of 1966
(16 USC 470)

NMFS: National Marine Fisheries Service

Northwest Power Act: Pacific Northwest Electric Pow-
er Planning and Conservation Act

NPS: National Park Service

NRHP: The National Register of Historic Places, a list
of historic properties of local, regional, and national
significance.

Pacific Northwest Coordination Agreement: A binding
agreement among BPA, the Corps, Reclamation and
major generating utilities in the Pacific Northwest that
stemmed from the Columbia River Treaty. It specifies
the operating rules, criteria, and procedures for coordi-
nating power generation at dams covered by the Agree-
ment. It directs operation of major generating facilities
as though they belonged to a single owner.

Pedoturbation: The disturbance of soil.

Permeability: The resistance to water penetration that
characteriizes a soil or material.

Petroglyphs/pictographs: Carvings or paintings on
rocks, especially those made by prehistoric people

PA: Programmatic Agreement, an agreement between
federal agencies and other parties that stipulates pro-
cedures, such as cultural resources management proce-
dures, the agencies will follow during the completion of
a program or project.

PNCA: Pacific Northwest Coordination Agreement
Pool: Reservoir; a body of water impounded by a dam
Reconnaissance: An inspection or exploration

Repatriation: To restore or return to the place, coun-
try, or culture of origin or ownership.

Resident fish: Non—migratory fresh—water fish spe-
cies

River Operation Simulation Experts: SOR work group
responsible for hydroregulation modeling of the SOS
alternatives.

Rock art: Carvings, drawings, and paintings in or on
rock.

Rock cairns: Piles of rocks, such as prehistoric rock
cairns built as commemorative landmarks or aids to
astronomical observation.

Rock shelters: Natural shelters located under rock
overhangs.

ROD: Record of Decision

Run—of—river projects: Hydroelectric generating
plants that operate based only on available streamflow
and some short—term storage (hourly, daily, or
weekly)

Saturated soil: Soil, the pores of which are at or near
their maximum water capacity.

Seventh approximation:

SHPO: State Historic Preservation Officer, the official
responsible for administering the federal government’s
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historic preservation program in a given state. Or,
State Historic Preservation Office, the agency that
houses the SHPO and SHPO staff.

Slumping: A landslide; the separation of a land or soil
mass from a land surface and its movement downslope.

SNAG: SOR NEPA Action Group, the SOR work
group responsible for advising on NEPA and other en-
vironmental compliance matters.

Soil dispersion:

SOR: System Operation Review

SOS: System operating strategy

Spawning: The releasing and fertilizing of eggs by fish
Storage project: A reservoir project that is operated to
store water during some seasons in order to release it in
others to serve power generation, flood control, fish
migration, navigation, or other purposes.

Strata: A layer of rock of a given age and type.
Stratigraphic: Pertaining to rock strata.

Temporal: Pertaining to time.

Terrace: A flat, narrow stretch of ground often having a
steep slope facing a river, lake, or sea

Traditional cultural properties: Cultural resources of
significance because of their meaning within the tradi-
tional culture of an ethnic, religious, or cultural group.

Transgression: The spread of the sea over land along a
subsiding shoreline

Transmissivity:

Usual and accustomed fishing sites: Places where In-
dians habitually fished prior to European American
contact and to which treaties extend them continued
fishing rights.

Value measure:
Velocity—transport equilibrium:

Water Budget: A part of the Northwest Power Planning
Council’s Fish and Wildlife Program calling for a vol-
ume of water to be reserved and released during the
spring, if needed, to assist in the downstream migration
of juvenile salmon and steelhead.

Watershed: A ridge of high land dividing two areas that
drain to different river systems; the region draining
into a river, river system, or other body of water

WES: Waterways Experiment Station, a research
branch of the Corps of Engineers located in Vicksburg,
Mississippi.

Wet and dry cycle exposure: The exposure of archaeo-
logical deposits or other items to repeated wetting and
drying, causing physical deterioration.

Zone of vulnerability: The area extending from 15 feet
below Minimum Operating Pool to 20 feet above Maxi-
mum Operating Pool. Archaeological sites are most
prone to impacts from reservoir operations within this
zone.
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