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This chapter provides a brief overview of Hanford’s
biological resources within a regional context,
summarizes land uses at Hanford, and outlines
DOE-RL’s approach to biological resource manage-
ment.  For a more detailed description of Hanford’s
biological resources and their significance, refer to
Appendices C and D.

4.1  Biological Resources
The Hanford Site is located within the Columbia
Basin Ecoregion, an area that historically included
over 6 million ha (14.8 million acres) of steppe and
shrub-steppe vegetation across most of central and
southeastern Washington State (Franklin and
Dyrness 1973) as well as portions of northcentral
Oregon.  The current Hanford Site occupies about
1517 km2 (about 586 mi2) at the approximate center
of the ecoregion (see Figure 1.1).  Besides shrub-
steppe, Hanford also encompasses significant
aquatic resources.  A free-flowing stretch of the
Columbia River, the Hanford Reach, bisects the Site.

The steppe and shrub-steppe communities of the
Columbia Basin Ecoregion have undergone sub-
stantial loss or degradation in the post-European
era that can be attributed primarily to human-
induced change (Dobler 1992; Noss et al. 1995).
Within Washington alone, approximately 60% of
what was historically present has been lost (Dobler
1992), primarily to agriculture.  Much of what
remains is either already degraded and frag-
mented or is threatened by development and
agricultural expansion; thus, Noss et al. (1995)
concluded that:

• native shrub- and grassland-steppe [steppe in
which the shrubs are not the most conspicuous
part of the flora] within Washington and Oregon

is an endangered ecosystem, in that it has experi-
enced between an 85% to 98% decline since
European settlement.

• ungrazed sagebrush-steppe in the Intermoun-
tain West is a critically endangered ecosystem,
in that it has experienced greater than a 98%
decline since European settlement.

Use of Hanford for the production of defense
nuclear materials has protected much of the Site
from industrial development, agriculture, and
livestock grazing (Gray and Becker 1993; Gray and
Rickard 1989).  Because of this, the Hanford Site
retains the largest remaining blocks of relatively
undisturbed shrub-steppe in the Columbia Basin
Ecoregion (Smith 1994).  Additionally, the Site’s
diversity of physical features has led to a corre-
sponding diversity of plant communities and
associated fauna (TNC 1995, 1996, 1998, and 1999).
Although the Hanford Site’s biological resources
are characteristic of the Columbia Basin Ecoregion,
Hanford retains some of its own uniqueness.  It is
located within the driest and hottest portion of the
ecoregion (Franklin and Dyrness 1973).  Although
this may result in unique species assemblages
relative to the rest of the ecoregion, these extreme
conditions also make the Hanford shrub-steppe a
fragile ecosystem that is easily disturbed and not
readily restored.  Finally, because of its location,
Hanford also provides opportunities for creating
connectivity with other portions of the ecoregion,
such as with the Yakima Training Center.

The rarity and decline in quality of shrub-steppe
affects individual species.  A number of these
species depend on shrub-steppe habitats for at
least a portion of their life cycle.  Many, such as the
sage grouse (Centrocercus urophasianus) and pygmy
rabbit (Brachylagus idahoensis), have experienced
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population declines in Washington.  Additionally,
several shrub-steppe species that may occur on
Hanford are already listed species or are candidates
for state protection such as the ferruginous hawk
(Buteo regalis), loggerhead shrike (Lanius ludovici-
anus), sage sparrow (Amphispiza belli), striped
whipsnake (Masticophis taeniatus), and Columbia
milk-vetch (Astragalus columbianus).

In addition to shrub-steppe habitat, the Hanford
Site contains significant riparian, wetland, and
aquatic habitats associated with the Hanford Reach
of the Columbia River. The Reach represents the
last free-flowing stretch of the Columbia in the
United States.  As such, it contains native riparian
habitat, free-flowing riffles, gravel bars, oxbow
ponds, and backwater sloughs that are otherwise
limited in occurrence on the Columbia River
(USFWS 1980; NPS 1994; 65 FR 37253).

The destruction of other spawning grounds by dams
in the Columbia River and its tributaries also has
increased the relative importance of the Hanford
Reach for spawning by such species as fall chinook
salmon (Oncorhynchus tshawytscha) and steelhead
trout (O. mykiss). The Hanford Reach also supplies
significant breeding habitat for several resident fish
and wildlife species of concern such as the white
sturgeon (Acipenser transmontanus) and Columbia
pebblesnail (Fluminicola columbiana).  Many of the
Washington State populations of the state endan-
gered Columbia yellowcress (Rorippa columbiae)
occur in scattered locations along the wet shoreline
of the Reach (Downs et al. 1993).  The federal and
state threatened bald eagle (Haliaeetus leucocephalus)
rests and forages along the Reach during its over-
winter stay.  Finally, several species of recreational
importance such as the Canada goose (Branta
canadensis), and other waterfowl, also use this stretch
of the river, its islands, and riparian corridor for
portions of their life cycle.

Other riparian and wetland areas not directly asso-
ciated with the Hanford Reach are scattered across
the Hanford Site.  These areas include a mix of
small, naturally occurring cold-desert springs and
streams, artificial wetlands created by irrigation
runoff (north of the Columbia River), and a variety
of temporary water bodies attributed to waste-water
discharges (Neitzel 2000; Downs et al. 1993).  The
springs and streams and their associated vegetation

are especially important for providing water, forage,
cover, and breeding sites within the dry-land por-
tions of the Hanford Site (Downs et al. 1993).  The
presence of riparian and wetland areas also is impor-
tant because of the increased habitat diversity they
provide.

The Hanford Site also contains a diversity of other
rare terrestrial habitats such as riverine islands,
bluffs/cliffs, basalt outcrops, and sand dunes
(Downs et al. 1993).  Sand dunes, especially, have
received little investigation, and could contain
several faunal and floral species of concern.

In 1994, The Nature Conservancy (TNC) of Wash-
ington, in cooperation with DOE-RL, implemented
a detailed inventory of Hanford’s biodiversity on
the ALE Unit and the North Slope.  The goal of the
inventory was to identify and map occurrences of
native plant communities, rare plant popula-
tions, and certain animal taxa over large areas of
the Hanford Site.  The need for such a study was
described by TNC as follows (TNC 1995):

The DOE needs an accurate account of the rare
species and ecosystems present on the Hanford
Site in order to make informed decisions about
future land uses....Biological studies undertaken
in the past at Hanford have been primarily
project- or species-specific.  These studies have
contributed enormously to the body of knowl-
edge on Hanford, but have not included a large-
scale, detailed inventory of the rare species and
ecosystems present on the Site.

TNC conducted biological inventories of the Site in
1994, 1995, and 1997.  Results of these inventories
are informative as to the nature of Hanford’s bio-
diversity (TNC 1995, 1996, 1998, and 1999).  High-
lights include:  (1) documentation of 48 plant
community element occurrences of 17 terrestrial
elements (community types); (2) 6 element
occurrences of wetland/aquatic communities;
(3) 112 populations of 28 rare plant taxa, 2 species
and 1 variety new to science; (4) 1121 taxa of inverte-
brates, 40 species and 2 subspecies new to science;
(5) 368 butterfly and moth taxa; (6) 3 species of
amphibians; (7) 9 species of reptiles; (8) approxi-
mately 200 species of birds; and (9) 16 mammal
species.

Because the inventories focused on specific taxa
and geographic areas, these results provide only a
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partial picture of Hanford’s potential biodiversity
(TNC 1995, 1996, 1998, and 1999).  In assessing the
relevance of their findings TNC concluded (TNC
1998):

From a conservation standpoint, the Hanford
Site is a vital—and perhaps the single most
important—link in preserving and sustaining
the biodiversity of the Columbia Basin’s shrub-
steppe region.

As a result of the importance of Hanford’s biologi-
cal resources outlined in the preceding paragraphs,
the Site’s biological resources (fish, wildlife, and
plant populations and their habitats) have state,
regional, and national significance.  This recogni-
tion is not new.  For example, the entire Site is des-
ignited a National Environmental Research Park
by DOE (DOE 1994).  This designation reflects
Hanford’s importance in providing a “protected
area for research demonstrations and education in
ecology” (PNL 1977).  Also, the ALE Unit is desig-
nated a Research Natural Area.  This federal desig-
nation is based on the ALE Unit’s ability to provide
opportunities for researchers, students, and educa-
tors to study and observe a relatively large and
undisturbed ecosystem in which natural processes
are retained (PNL 1993).  The Research Natural Area
designation also supports the state of Washington’s
Natural Heritage Plan (e.g., by providing a pro-
tected area for rare plant communities).

4.2  Hanford Site Land Uses
Before 1943, the recent land-use history of the Han-
ford Site related principally to livestock ranching,
farm homesteads, and small supply and grain ship-
ment towns (Gerber 1992).  The consequences of
some of these land uses are still apparent today as,
for example, the abandoned town sites and old
fields along the Columbia River.  These areas today
are composed mostly of non-native plant species
that will probably not recover to a native composi-
tion without manipulation.  Other areas that were
grazed either retain a mix of native and non-native
plant species or, if not intensively grazed, still
closely resemble the original native plant commu-
nities.  Even the ALE Unit experienced historic
land uses (i.e., 1880-1940), such as homesteading,
winter/spring sheep grazing, gas wells, and road
building (Hinds and Rogers 1991).  These historical
non-DOE land uses also must be considered in
understanding the ecological context of the Han-
ford Site.

The Hanford Site was created in 1943 in response
to the nation’s defense needs during World War II.
Over its 50 years of operation, Hanford’s mission
has been a combination of energy-related research
and military-related material production, the appor-
tionment of which depended on the nation’s chang-
ing defense needs (Becker 1990).

The Nature Conservancy

The Nature Conservancy (TNC) is an international, private non-profit conservation organization with
more than 800,000 members nationwide and almost 34,000 in Washington State alone.  The Conser-
vancy uses the best science available and works in a non-confrontational, market-oriented fashion.  In
1992, DOE and TNC entered into a Memorandum of Understanding that called for a cooperative and
coordinated inventory of plants, animals, and ecologically significant areas on the Hanford Site.  In
1994, DOE awarded TNC a grant, and the Conservancy raised private funds to support the inventory
effort.  A team of approximately 20 TNC scientists collected inventory data on the Site from 1994 to
1997.  Previous biological studies conducted on the Site have been primarily project- or species-specific
and did not include a comprehensive detailed inventory of rare species and ecosystems occurring on
Hanford.  Therefore, the primary objective of the TNC/DOE Hanford Biodiversity Inventory was to fill
critical gaps in knowledge of the biology of the Site and to provide this information to decision-makers.
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Hanford’s initial mission was to produce plutonium
for use in fabricating nuclear weapons.  Plutonium
production involved construction and operation of
eight single-pass nuclear reactors, one dual-purpose
nuclear reactor, and associated ancillary facilities
along the Columbia River (100 Areas); fuel repro-
cessing and waste management facilities in the
central plateau region of the Site (200 Areas); fuel
fabrication and research facilities north of the city
of Richland and along the Columbia River
(300 Area); and support facilities north of the city
of Richland but inland (1100 Area) (Figure 4.1).
Throughout much of their early operating history,
the 100 and 300 Areas also were used for waste
management activities.  A concise and informative
summary of Hanford’s history is provided by Gray
and Becker (1993).  Harvey (2000) and Gerber
(1992) provided a more detailed overview.

The Site also contains within its boundaries several
other facilities and land areas mostly unrelated to
Hanford’s defense mission.  The Fast Flux Test
Facility (currently deactivated) is located in the
400 Area to the northwest of the 300 Area.  The
600 Area includes all other land areas not previously
described.  These lands are mostly undeveloped;
however, they do include an active commercial
nuclear reactor that is operated by Energy North-
west, formerly the Washington Public Power
Supply System; a commercial, low-level radioactive-
waste burial facility operated by US Ecology on
state of Washington leased land south of the
200 Areas; and the Laser Interferometer Gravita-
tional-Wave Observatory west of Route 10.  The
state also owns land just north of state Highway
240 and southeast of the 200 Areas that was acquired
as a potential site for disposal of nonradioactive
hazardous waste.  A few hazardous and mixed
waste burial sites are scattered throughout the
600 Area.  A network of roads, railroads, and
electrical transmission lines connect the various
building complexes on Hanford.

Three land areas within the 600 Area are managed
by the U.S. Fish and Wildlife Service as a National
Monument/National Wildlife Refuge principally
for their ecological values:  The ALE Unit, the
Saddle Mountain Unit, and the Wahluke Unit.

Two other wildlife areas abut the Hanford Site:  the
Rattlesnake Slope Wildlife Area (managed by the
WDFW) and the McNary National Wildlife Refuge
(managed by the U.S. Fish and Wildlife Service),
which includes some of the islands of the Columbia
River north of Richland.  Other than these small
resource management areas, much of the land
surrounding Hanford is used for agriculture.

Scattered parcels throughout much of the Hanford
Site are Bureau of Land Management withdrawn
lands that have been transferred to the control of
DOE-RL.  Additionally, there are Bureau of Reclama-
tion parcels on the North Slope that DOE-RL uses
under a Memorandum of Agreement with Reclama-
tion.1  Reclamation retains the right to construct,
operate, and maintain the irrigation infrastructure
on these parcels.

In summary, much of Hanford remains undevel-
oped though portions of it have been affected by
historic and ongoing land use.  In contrast, much
of the land surrounding Hanford has been con-
verted to human use.  Biological resource man-
agement strategies need to account for the intensity,
areal extent, and distribution of land-use practices
at Hanford and within the surrounding region.

4.3  Levels of Concern
The DOE-RL’s approach to biological resource
management is management by level of concern.
This approach associates different management
actions (i.e., monitoring, impact assessment, miti-
gation, and preservation) with particular sets of
biological resources.  Specific management require-
ments, however, do not apply equally to all species
and habitats present on the Hanford Site.  For
example, disturbed areas with high proportions of
non-native plant species do not warrant the same
management consideration as certain native plant
communities that are rare throughout the remain-
der of the ecoregion.

1 Memorandum of Agreement between the Bureau of Reclamation and the then-Atomic Energy Commission in
regard to the transfer of rights for certain acquired and withdrawn lands on the Wahluke (North) Slope, dated
February 27, 1957.
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Figure 4.1  Major Land-Use Features of the Hanford Site (ERDF = Environmental Restoration Disposal Facility,
LIGO = Laser Interferometer Gravitational-Wave Observatory, HAMMER = Hazardous Materials
Management and Emergency Response Training Center, EMSL = Environmental Molecular
Sciences Laboratory)
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To address these differences in resource “value,”
DOE-RL’s management approach classifies Hanford
biological resources into four levels of management
concern (Figure 4.2).  These four levels define bio-
logical resources that are considered to have “value”
and deserve some degree of management attention
reflecting that value.  Each level (I-IV) corresponds
to a different set of management actions required
to be taken in regard to the biological resources at
that level.  Table 4.1 summarizes management
actions at each level.  At higher levels of concern
(e.g., Level IV), the associated biological resources
are of higher value, and the number of applicable
management actions are greater and more restric-
tive.  A particular biological resource is associated
with only one level of management concern.

4.3.1  Definition of Levels

The four levels described in the following subsec-
tions include only those biological resources con-
sidered to have “value.”  Resources not included
within these levels of concern either do not qualify
for focused management attention or represent
undesirable biological resources (e.g., noxious
weeds) that may negatively impact biological
resources of concern.  Section 4.4 addresses these
latter kinds of biological resources.

Level I—Level I biological resources are those that—
because of their recreational, commercial, or

ecological role or previous protection status—
require at a minimum some level of status moni-
toring at Hanford:

• recreational—includes resources of consump-
tive and nonconsumptive recreational value

• commercial—includes resources whose harvest
and sale is legally permitted

• ecological—includes resources that serve as
indicators of either human-induced environmen-
tal impacts or changes in ecosystem processes

• previously considered for protection—once con-
sidered a rare or vulnerable species/habitat/
plant community but now considered more
abundant and/or less vulnerable to adverse
impacts than previously assumed.

The recreational/commercial and ecological
resources defined at Level I generally do not include
similar resources otherwise addressed at a higher
level of concern.

Level II—Level II biological resources are those
that—to show compliance with procedural and
substantive laws such as NEPA, CERCLA, and the
Migratory Bird Treaty Act—require consideration
of potential adverse impacts from Hanford Site
actions.  For the most part, mitigation of Level II
resources is appropriately accomplished by avoid-
ance and impact minimization.  However, in some
cases where Level II resources fall into the category
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Biological Resources Management Plan    4   4.7

of recovering shrub-steppe habitat, and field surveys
of the affected area confirm that sagebrush (the
shrub component) recovery is well underway, then
mitigation via rectification or compensatory
mitigation is recommended, and the final deci-
sion should be made on a project by project basis.
The basis for such action being that if site reviews
indicate that the area is recovering such that a
reclassification of the area to a Level III resource
appears likely in the near future, then such areas
have both actual and potential habitat value that
exceeds what would normally be considered
Level II, but has not yet achieved Level III status.

Level III—Level III biological resources—because
of their state listing, potential for federal or state
listing, unique or significant value for plant, fish, or
wildlife species, special administrative designation,
or environmental sensitivity—require mitigation.
Level III biological resources include the following:

• habitats of concern

• plant species of concern

• 100-year floodplain

• ferruginous hawk historic nest locations

• bald eagle perch and secondary night roost
locations.

Impacts to Level III resources should be avoided
or minimized; however, when avoidance and
minimization are not possible, or their application
still results in adverse residual impacts above a
specified threshold value, mitigation by rectification
and/or compensatory mitigation is recommended.
Maintenance of Level III resource values now may
preclude possibly more restrictive and costly
management prescriptions in the future.

Level IV—Level IV biological resources—because
of their federally protected legal status or their
regional and national significance—justify preser-
vation as the primary management option.  Level IV
biological resources include the following:

• rare habitats

• terrestrial (i.e., plant community) element
occurrences

• bald eagle attempted nest and primary night
roost locations with 800-m buffer zones

• fall chinook salmon spawning areas

• steelhead spawning areas

• areas designated by the U.S. Fish and Wildlife
Service or National Marine Fisheries Service
as areas used by threatened and endangered

Class of   Resource Level of Concern at Which the Management Action is Applicable
Management
Actions I II III IV

Status monitoring Yes Yes Yes Yes

Impact assessment No Yes Yes Yes

Mitigation via No Yes Yes Yes
avoidance/
minimization

Mitigation via No No Yes Yesa

rectification/

compensatory
mitigation

Minimum NEPA CX CX EA EA
analysis required

a Rectification is probably not possible nor an appropriate means of mitigation at this level; compensatory mitigation
can be used but only when it is achieved by acquisition and/or protection of in-kind resources (cf. USFWS Mitiga-
tion Policy at 46 FR 7644).  CX = categorical exclusion; EA = environmental assessment.

Table 4.1  Classes of Management Actions and the Biological Resource Levels of Concern at Which They Apply
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species, including a strip of land along the
Columbia River considered critical habitat for
steelhead.

Typically, the plant communities and habitats that
are defined to belong to this level are of such high
quality (i.e., they show little or no indication of
human impact or invasion by non-native species,
or they have significant wildlife usage) and/or
rarity they cannot be mitigated unless it is by com-
pensatory mitigation via acquisition and protection
of in-kind resources (in the few instances in which
in-kind replacement resources off of Hanford may
be available).

The legally protected species that are included in
Level IV cannot be impacted without the concur-
rence of the U.S. Fish and Wildlife Service, in accor-
dance with applicable regulations, that such impacts
do not jeopardize the continued existence of the
species.

For biological resources included at Level III or IV,
any potential for adverse impacts from a planned
Site action would preclude qualification for a
categorical exclusion under DOE’s NEPA Imple-
menting Procedures and Guidance (10 CFR 1021,
Appendix B to Subpart D) for that action.  This
analysis of an action’s potential impact would then
be either an environmental assessment, an envi-
ronmental impact statement, or an equivalent
CERCLA review incorporating NEPA values con-
sistent with the Secretary of Energy’s policy
statement.2

Biological resources that also may be cultural
resources of concern to local Native Americans are
generally not separately identified (fall chinook
salmon is an exception).  Many biological resources
of concern to Tribes already may be included in
different levels of management concern based on
other criteria.  The DOE-RL will coordinate with
the local Tribes to determine whether additional
biological resources of concern to the Tribes need
to be identified and whether particular resources
deserve consideration at a different level of man-
agement concern.

Specific management actions that are part of the
definition of a particular resource level generally
apply to the higher value resource levels of concern.
For example, although resources requiring status

monitoring is part of the definition of Level I
resources, Table 4.1 indicates that monitoring as a
management action applies to all four resource levels.

Biological resources are defined by a (1) species
category, or by (2) either a landscape-level attribute
(e.g., plant communities or habitats as defined by
their usage by plant, fish, or wildlife species) or
administrative designation.  The following subsec-
tions describe levels of concern by these categories.

4.3.2  Levels Defined by Species
 Categories

Table 4.2 shows the relationship between species
categories and levels of concern.  If a species can
be classified at more than one level, the classifica-
tion resulting in the highest level of concern is used
to define the species.  Table 4.2 does not address
WDFW priority species as a separate category, but
all these species occurring at Hanford have been
accounted for in the table.

Not all species important from a resource manage-
ment perspective are addressed under a narrowly
defined concept of species of concern that considers
only listing status.  Thus, BRMaP  includes—in
addition to state and federal listed species and
candidates for such listing—migratory birds, Wash-
ington State priority and monitor species, and eco-
logically important species as species of concern (i.e.,
deserving of some amount of management atten-
tion).  As an example, resource Level of Concern I
includes two species categories that are non-legal/
administrative designations:  recreationally/
commercially important and ecologically impor-
tant species.  Thus, species important to society or
ecologically as harbingers of environmental change
are considered by DOE-RL to warrant manage-
ment attention.

Appendix D provides a tentative list of these species
and a rationale for their selection.  Detailed informa-
tion relative to resource level, listing status, and
habitat associations also are provided by taxa in
Appendix D for each applicable species.

Table 4.3 summarizes Level III and IV species cate-
gories.  A proposed action that may result in an
adverse impact to a species—or its habitat—that is
identified as a Level III or IV resource cannot be

2 Memorandum from H. R. O’Leary (Secretary of Energy) to secretarial officers and heads of field elements:  “Secre-
tarial Policy Statement on the National Environmental Policy Act,” June 13, 1994.
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Federally Listed State Listed Other

Endangered Endangered Fall chinook salmona

Threatened Threatened

Proposed Sensitivea

Candidate Candidatea

a These categories are in addition to those identified by 10 CFR 1021 (DOE NEPA Implementing Procedures and
Guidelines).  Although fall chinook salmon are not listed or proposed for listing, a decision was made to include fall
chinook salmon as a Level IV species.

Table 4.3  Species Categories for Which the Minimum NEPA Analysis of Potential Adverse Impacts
is an Environmental Assessment (Level III and IV Species)

Species Category Resource Level of Concern at Which the Species Category is Included

I II III IV

Recreationally/
commercially important X

Ecologically important X

WA state monitor Watch list Plant review
species groups 1 and 2;

fish and wildlife
monitor species

Migratory birds X

WA state candidate X

WA state sensitive X

WA state threatened X

WA state endangered X

Federal candidatea Former candidate Candidate

Fall chinook salmon X

Federal proposed X

Federal threatened X

Federal endangered X

a On February 28, 1996, the USFWS redefined the candidate category (61 FR 7595).  The new definition of candidate
is equivalent to the previous candidate category 1 definition.  The USFWS dropped candidate categories 2 and 3 and
will rely on state resource agencies and Natural Heritage programs to track the status of the species previously
contained therein.  The BRMaP retains the identity of the former category 2 and 3 species applicable to Hanford, as
well as Hanford area species recently removed from category 1 (i.e., candidate) status (61 FR 7457), by identifying
them as “former candidates.”  See Appendix D for additional details.

Table 4.2  Relationship Between Species Categories and Resource Levels of Concern
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Taxa                            Resource Level of Concern

I II III IV

Plants 10 4 19 0

Terrestrial invertebrates 1a 9 3 0

Aquatic invertebrates 6a 0 3 0

Fish 10 4 1 2

Amphibians 1 1 0 0

Reptiles 2 2 1 0

Birds 2 86 14 3

Mammals 6 9 4 0

Totals 38 115 45 5

a Some of these represent a higher taxonomic grouping of species and not necessarily individual species.

Table 4.4  Summary of Numbers of Species Per Taxa Potentially Found on or Near the Hanford Site and
Assigned Resource Level of Concern

accomplished under a categorical exclusion.
Through the BRMaP, DOE-RL has added several
species categories not currently included for such
consideration under 10 CFR 1021.  These are:

• Washington State candidate species

• Washington State sensitive species

• fall chinook salmon.

Overall, DOE-RL’s NEPA policy addresses not only
currently listed threatened or endangered species
but extends agency concern to other species of
concern in an attempt to minimize impacts to these
additional species and, by this strategy, to preclude
the need for their eventual listing.  Section 5.1 identi-
fies threshold criteria for when an impact can be
considered adverse.

To assess the number of species potentially requir-
ing some level of management attention, data were
combined by taxa (Table 4.4).  The numbers include,
for taxa affected, those additional species identi-
fied as recreationally/commercially or ecologically
important.

The numbers are conservative in that not all species
included have been documented to currently exist
at Hanford.  This conservatism has two bases.  First,
the numbers include some species that historically

were present at Hanford and are now extirpated.
Because suitable habitat may still be present on
Hanford for these species, Hanford represents a
possible reintroduction location for these species.
Second, a number of species, though not currently
known to exist at Hanford, have documented dis-
tributions near Hanford.  Because the inventory of
Hanford’s biodiversity is incomplete, those species
that have a reasonable expectation of occurring at
Hanford are included.

The data in Table 4.4 are summarized from infor-
mation provided for individual species in Appen-
dix D.  Data for species new to science or new to
Washington State are not included as final deter-
minations on listing status have yet to be made.
Appendix D also includes information on the status
of knowledge about a species’ occurrence at
Hanford.

4.3.3  Levels Defined by Landscape-Level
Attribute or Administrative Designation

To foster an ecosystem management approach, it is
necessary to move beyond single species concerns—
to the landscape level—to identify biological
resources that deserve management attention.  To
accomplish this requires, among other things, a
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consideration of rare plant communities, habitats
that are important fish and wildlife usage areas,
landscape-level processes, and areas administra-
tively established to protect biological resource
values.

This was done for the Hanford Site by developing
map layers from data that represent each of these
attributes using a Geographic Information System
(GIS).  Map layers were developed from existing
information on the Columbia Basin Ecoregion.
Although complete information does not yet exist, it
is important to look at Hanford’s biological resources
in the context of the ecoregion and the status of the
resources therein.  Table 4.5 shows how each GIS-
based map layer relates to the resource levels of
concern.  These layers are briefly described below for

each resource level of concern.  Appendix D pro-
vides a more detailed explanation of each map layer.

Habitat (Plant, Fish, or Wildlife Usage-Based) Map
Layers—Habitat is the combination of abiotic and
biotic components that provides the ecological
support system for plant and animal populations.
The map layers described in this section define
habitats important to the viability of plant, fish, and
wildlife species of concern.

A map layer showing habitats of concern was
derived from habitats identified as having high
fish or wildlife usage value or as being important
havens for populations of plant species of concern.
Two additional data layers represent sensitive
resource areas:  wetlands and floodplains.

Landscape Attribute Resource Level of Concern at Which the GIS-Based Data Layer is Included
or Species Category

II III IV

Habitat (plant, fish, or Habitats of concern: Habitats of concern:  late- Rare habitats (includes terres-
wetland wildlife usage early-successional successional and riparian habitats trial and aquatic ecosystem
based) habitats element occurrences)

Wetlands and associated deepwater
habitats

100-year floodplain

Late-successional sagebrush-
steppe habitat

Habitat (plant Terrestrial element
community-based) occurrences

Administrative area Fitzner/Eberhardt Arid Lands Areas designated as com-
designation Ecology Reserve Unit pensatory mitigation/habi-

tat improvement areas under
Wahluke Unit a record of decision, mitiga-

tion action plan, or as part
Saddle Mountain Unit of a proposed NEPA action

Areas designated as onsite habi-
tat restoration or rectification
areas under a record of decision,
mitigation action plan, or as
part of a proposed NEPA action

Species-based Plant species of concern Bald eagle primary night
population location roost and attempted nest

locations
Ferruginous hawk historic nest
locations Fall chinook salmon

spawning areas
Bald eagle perch and secondary
night roost locations

Table 4.5  Landscape Attribute, Administrative Area, and Species-Based GIS Data Layers Versus Resource Level of Concern
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Management attention to their importance arises
in part from DOE policy and by the rarity and
fragility of their associated resources within the
Columbia Basin Ecoregion.

The wetlands and associated deepwater habitat
data layer are based on National Wetlands Inven-
tory data from the USFWS.  The data complement
data used to prepare the Hanford land cover map
(see Appendix D).

The map layer depicting high-quality, late-succes-
sional sagebrush-steppe habitat is based on a model
of habitat association for the sage sparrow, a
state candidate and sagebrush-steppe obligate
species.  This map layer focuses on big sagebrush-
steppe as one component of late-successional shrub-
steppe.  Late successional shrub-steppe has been
emphasized in BRMaP because recent past fires have
removed significant portions of similar habitat, and
remaining habitat is at risk because of the potential
for land conversion on the central plateau of
Hanford (an area that contains extensive blocks
of late-successional shrub-steppe, principally
sagebrush-steppe).

With one exception, all the preceding map layers
describe biological resources that qualify as at least
Level III resources of concern (based on other crite-
ria, some of these resources will qualify as Level IV);

that is, resources that require mitigation by rectifi-
cation and/or compensatory mitigation when
avoidance and minimization are not possible or
significant impacts still remain after their applica-
tion.  The integrity of Level III resource values can
be protected and costs reduced by avoiding impacts
and minimizing mitigation, thereby eliminating
the need for rectification and/or compensatory
mitigation.

The one exception, alluded to in the preceding para-
graph, involves early-successional habitats that
without further field verification are assumed to be
intermediate in regard to habitat quality (i.e., they
may contain areas that are dominated by non-native
plant species).  These early-successional habitats
represent Level II resources:  avoidance and/or
minimization of potential impacts is appropriate
but additional mitigation actions are not required.

One final map layer included in this category
addresses rare habitats.  Rare habitats are those
habitats important for plant, fish, or wildlife species
but that have low availability throughout the ecore-
gion.  Six kinds of rare habitat occur at Hanford:
basalt outcrops, cliffs (White Bluffs), desert streams,
upland springs, Columbia River sloughs, and
Columbia River islands.  Other rare habitats may
exist, such as riverine deepwater sites; however, data

Geographic Information System

A Geographic Information System (GIS) is used to analyze land features and create maps depicting spatial

data.  Geographic Information System is a generic term for software that enables researchers to construct and

present multiple map layers.  A map layer is a single class feature of an area such as roads, elevation con-

tours, or soil types.  Sources of information used to create these map layers include:  (1) remotely

sensed images, such as those acquired by satellite; (2) electronic versions of maps, such as those from the

U.S. Geological Survey (USGS); or (3) data collected from field surveys using a Global Positioning System

(GPS) to acquire geographical coordinates.  Using GIS software, we can overlay individual map layers to cre-

ate a visual representation of the area or analyze the intersection of the layers.  For example, an overlay of

an elevation and vegetation map could be used to show elevation preferences by certain vegetation classes.

GIS maps can be either vector or raster based.  A vector map is composed of lines that, when con-

nected, form polygons.  A raster map depicts an area like a checkerboard in which the grid size depends

on the data source.  Many raster map layers are from satellite or spectral data sources.

On the Hanford Site, map data are collected for many purposes, from delineating political boundaries to deter-

mining the extent of rare plant communities.  Map layers for BRMaP came from existing map layers available

from the Hanford GIS or the USGS, as well as from recent field surveys of the site conducted by PNNL and

TNC.  Several GIS software packages were used to produce maps for BRMaP, including GRASS (U.S. Army

CERL), ERDAS (ERDAS, Inc.), and MapGrafix (ComGrafix, Inc.).  These maps were then transferred to the

Hanford GIS operated by Bechtel Hanford and are available in the ArcView (ERSI, Inc.) GIS.
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are not yet available to describe their occurrence and
distribution.  Rare habitats are considered a Level IV
resource (i.e., resources that are essentially impos-
sible to replace if lost).  As such, management
attention should focus on their protection as
avoidance is generally the only feasible means of
mitigation.

Habitat (Plant Community-Based) Map Layer—One
way of assessing the condition of an ecosystem is
by determining the extent to which its component
plant communities retain their native species com-
position.  Plant communities that have mostly native
composition are indicative of healthy communities
that are capable of sustaining associated native
animal populations.  In 1997, TNC surveyed the
plant communities of the ALE Unit and the North
Slope (TNC 1995).  In 1997, TNC completed plant
community surveys for central Hanford (TNC
1998).  Each plant community [or element as
defined by Washington Department of Natural
Resources, Natural Heritage Program (WDNR
1995)] was evaluated by TNC as to its present con-
dition, size, and proximity to disturbance vectors
(e.g., livestock grazing).  The Natural Heritage
Program reviewed TNC’s evaluation of plant
communities that qualified as potential element
occurrences (i.e., a high-quality representative
of a native plant community type).  Less than one
percent in terms of the total acreage of potential
element occurrences identified by TNC (TNC 1995)
were determined by the Natural Heritage Program
to not qualify as element occurrences.3  Because
they represent rare high-quality resources that
generally lack protection, Hanford’s element
occurrences are considered Level IV resources.
Element occurrences represent a subset of the
habitats of concern map layer.

Administrative Area Designation Map Layer—The
administrative areas included in this data layer are
included under the assumption that their designa-
tions were meant to establish the perpetuation of
biological resource values, among other values, as

one of their top priorities.  These areas are no impact
zones or at least areas within which significant
impacts to biological resources of concern (i.e.,
Levels III and IV) should be fully mitigated.4  These
areas include:  the ALE Unit, Saddle Mountain
Unit, and Wahluke Unit.

Species-Based Map Layers—Most species-level
resource management concerns can be addressed
by appropriate habitat-based management.  Some
species of concern, however, still require focused
management attention.  These include species that
have specific legal protections (e.g., bald eagle);
species that use a limited number of locations to
carry out a portion of their life cycle, such as ferru-
ginous hawks (restricted to a limited number of
available nest platforms) or fall chinook salmon
(restricted to a limited number of spawning sites
within the Hanford Reach); and species that have
a␣ restricted distribution at Hanford, such as
populations of different level III plant species of
concern (that may occur only in specific locations).

Five species-based map layers were developed to
address these species of concern (Individual map
layers are provided in Appendix D.).  The first two
layers represent Level III resources.  The first layer,
the documented locations of populations of Level III
plant species of concern, probably represents an
incomplete data set as the entire Hanford Site has
yet to be surveyed.  The second layer shows the
locations of ferruginous hawk historic nest locations,
as well as bald eagle perch and secondary night
roost locations.

The next two map layers represent Level IV
resources.  Bald eagle use areas are given formal
protection in accordance with DOE’s Bald Eagle Site
Management Plan (Fitzner and Weiss 1994).  The
depicted areas include six primary night roost
locations and an attempted eagle nesting area (A
second attempted eagle nesting area, first occupied
in 1996, overlaps one of the primary night roost
locations.).  The management plan was prepared

3 Element occurrences represent rare remnants of Washington’s natural diversity.  The priority the Natural Heritage
Program assigns them for protection depend on the element’s rarity, the degree of threat to which it is exposed, and
the adequacy of protection by existing land management (WDNR 1995).  Of the 32 elements that qualified as
element occurrences on the ALE Unit and the North Slope, only two are considered adequately protected (WDNR
1995).  Additional element occurrences were added along the Hanford Reach during 1995 by TNC surveys (TNC
1996), on the ALE Unit and the North Slope during 1996 by Natural Heritage Program surveys, and within central
Hanford in 1997 (TNC 1998).

4 Administratively designated areas of Hanford represent special categories of environmentally sensitive resources
[10 CFR 1021:  Appendix B to Subpart D, Section B(4) and, as such, are areas within which mitigation for impacts to
biological resources (beyond avoidance/minimization) may be appropriate.
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via informal consultation with the U.S. Fish and
Wildlife Service in accordance with the require-
ments of the Endangered Species Act.  Fall chinook
salmon are an important part of the Pacific North-
west and local Native American cultural as well as
biological heritage.  The Hanford Reach of the
Columbia River represents the only significant
mainstem spawning habitat remaining for upriver
bright stocks of fall chinook salmon (Dauble and
Watson 1990).  The map layer shows the general
locations of the major fall chinook salmon and
steelhead spawning areas within the Hanford Reach.

Supporting Map Layers—A number of GIS-based
map layers provide information to support and
supplement the resource-level layers described
above.  These are:

• land cover map of the Columbia Basin Ecoregion

• land cover map of the Hanford Site and imme-
diate surrounding areas

• map of potential habitat improvement areas on
the Hanford Site

• Hanford Biological Resources Laboratory (pre-
viously the Ecological Compliance Assessment
Project) baseline survey maps.

The land cover map of the Columbia Basin Ecore-
gion provides the context for establishing the impor-
tance of Hanford’s biological resources at the
ecoregion level.  The ecoregion map provided in
Appendix C is based on data obtained from the
Interior Columbia Basin Ecosystem Management
Project.  The Hanford land cover map is the base
map for the Site.  It provides the initial data layer
for determining the areal extent and distribution
of habitat and plant community based resources.
The base map combines information on land cover
from 1987 and 1991 aerial photography and TNC
inventory data for the Hanford Site.  As such, the
land-cover class designations used are a compro-
mise between different approaches to land cover
class estimation that make the best use of the
most recent available data and still provide a
useful map.

The Hanford Biological Resources Laboratory
baseline survey maps (updated annually) are a
more refined land cover mapping of the industrial
areas of the Hanford Site (i.e., 100, 200, 300, and
400 Areas).  The same cover classes are defined as
on the land cover base map.  Thus, habitats or cover

classes that are indicated as being of concern for
the entire Site can be shown in greater detail in
those areas where the need for impact management
is greatest.  For these maps, sighting information
of individual species of concern also is included.

4.3.4  Composite Data Layers and
 Landscape Considerations

Composite data layer maps were developed from
the individual data layers described in Section 4.3.3.
These composites represent concise GIS-based
summaries of biological data at a landscape scale.
These data layers can be used to make land-use and
environmental cleanup decisions that are intended
to avoid adverse impacts to biological resources.
Composite maps for Level III and IV biological
resources are described in the following pages.

Figure 4.3 shows the Level II resources which
include early successional sagebrush steppe
habitats where sagebrush cover has been reduced
or removed by fire.  This designation also includes
land cover types not dominated by sagebrush and
not in good enough condition to be classed as
Level III or IV.

Level II resources, though somewhat scattered
across the Hanford Site, dominate the southeast
portion of the Site.

Level III Biological Resources—Figure 4.4 shows
habitat-based and species-based resources as a
composite of the following individual map layers:

• habitats of concern map (minus the early-
successional cover classes)

• 100-year floodplain map

• Level III plant species of concern approximate
locations

• ferruginous hawk historic nest locations with
1 km buffer zones

• bald eagle perch and secondary night roost
locations.

Individual map layers for these resources are
included in Appendix D.  The 100-year floodplain
map was added to the habitats of concern map
because it resulted in a wider corridor along the
Hanford Reach that qualified as Level III resources
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Figure 4.3  Level II Biological Resources
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Figure 4.4  Level III Biological Resources
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than depicted by the habitats of concern map.5

Because the habitats of concern map contains a
more recent, though not as well-refined mapping
of wetlands and associated deepwater habitats, its
wetland and deepwater habitat information was
retained for the composite map in lieu of adding
data from the National Wetlands Inventory.

As shown in Figure 4.4, with the exception of ferru-
ginous hawk nest locations, most of the species-
based occurrence data fall within the confines of
the habitat-based data.  This illustrates that protect-
ing habitat will effectively accomplish protection of
many of the individual species of concern.  Although
inventories of plant species of concern are incom-
plete, the Hanford Reach, ALE Unit, and Umtanum
Ridge already can be identified as areas that contain
numerous populations of plant species of concern.

In general, Level III resources are widely distributed
across the Hanford Site.  Although some fragmen-
tation of Level III resource areas by low-value
habitat occurs, many large blocks of intact, high-
value habitat still remain.

Figure 4.5 shows a different view of Level III
resources.  Late-successional sagebrush-steppe
habitat (shown as potential sage sparrow habitat)
is identified as a subset of the combined habitats of
concern and floodplain data layers.  This portrayal
illustrates the portion of the Level III habitat-based
resources that can be attributed to late-successional
sagebrush-steppe habitat.  Figure 4.5 also shows
the outlines of the administrative areas, which are
areas where biological resource value protection is
a priority consideration.

Level IV Biological Resources—Figure 4.6 shows
habitat-based and species-based resources based
on a composite of the following individual data
layers:

• rare habitats

• terrestrial (i.e., plant community) element
occurrences

• bald eagle attempted nest and primary night
roost locations with 800-m buffer zones

• fall chinook salmon spawning areas

• steelhead spawning areas

• areas designated by the U.S. Fish and Wildlife
Service or National Marine Fisheries Service
as areas used by threatened and endangered
species, including a strip of land along the
Columbia River considered critical habitat for
steelhead.

These individual data layers are included in Appen-
dix D.  There are some overlaps in the data related
to sand dunes and basalt outcrops and the plant
communities associated with them.  Unlike the
pattern seen for Level III resources, the species-based
resource areas generally fall outside areas identified
by the Level IV habitat data.  Thus, they are mostly
additive in regard to the delineation of Level IV
resource areas.

Level IV resources tend to be concentrated on the
ALE Unit, along the Hanford Reach, south of the
northern boundary formed by the east-west stretch
of State Highway 24 on the North Slope, and across
areas of the central core.

Combined Level II, Level III, and Level IV Biological
Resources—Figure 4.7 combines the Level II,
Level␣ III, and Level IV resource data layers to pro-
duce a composite map.  The following individual
data layers were used to construct Figure 4.7:

• habitats of concern map (both Level II and III
portions)

• 100-year floodplain map

• rare habitats

5 The habitats of concern map uses two land cover classes to delineate the river corridor:  (1) riparian, and (2) riverine
wetlands and associated deepwater habitats.  These cover classes were mapped at a river flow condition less than
what occurs during the 100-yr dam-regulated flood.  Thus, the 100-yr floodplain encompasses more area lateral to
the ordinary high water mark than do the two cover classes used in the habitat of concern map.  Unfortunately, the
relevance of the 100-yr floodplain is somewhat arbitrary from a biological perspective.  Executive Order 11988,
“Floodplain Management,” establishes the 100-yr floodplain as the regulatory floodplain of concern relative to
restoring and preserving the natural values served by floodplains.  Consequently, the 100-yr floodplain could be
liberal or conservative in regard to protecting ecological processes that occur under high flow conditions on the
Hanford Reach (e.g., flushing of sloughs).  In the absence of specific information on the cause and effect relation-
ship between river flow rates and ecological processes, the BRMaP relies on the regulatory floodplain of concern
to protect biological resource values.
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Figure 4.5  Level III Biological Resources with Potential Sage Sparrow Habitat and Administrative Area Boundary Overlays
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Figure 4.6  Level IV Biological Resources
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Figure 4.7  Composite Map of Level II, Level III, and Level IV Biological Resources
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• terrestrial (i.e., plant community) element
occurrences

• bald eagle potential nest and primary night
roost locations with 800-m buffer zones

• fall chinook salmon spawning areas.

In this depiction, overlap between how the differ-
ent resource levels depict a particular location’s
resource value is addressed by assigning the loca-
tion the highest resource value (i.e., Level IV).
Thus, Figure 4.7 shows Level IV resources embed-
ded within Level III resources.  Level II resource
areas do not overlap the habitat-based resources
of Levels III or IV.

Figure 4.7 shows that Level IV resources occur on
the Hanford Site.  They may also occur outside of
the Hanford Site boundaries but were not evalu-
ated there.

Landscape Considerations—Figure 4.7 also shows the
extent and distribution of Level II, Level III, and
Level IV resources across the Hanford Site at the
landscape scale.  Such a scale of view can be useful
when trying to understand the spatial relationship
of Hanford’s resources in regard to such features
as:  (1) the degree of fragmentation by low-value
resource areas, and (2) how the mosaic pattern
created by different kinds of habitat contributes
to a functional and diverse ecosystem.  With an
ecoregion perspective, this type of analysis can be
extended to an even larger scale.

A landscape view also is necessary to understand
that, though certain areas may not, in themselves,
be depicted as high-value resources (i.e., Level III
or Level IV), they may be important in providing
movement corridors for certain wildlife species
between high-value resource areas.  At the level of
the ecoregion (or at least outside of Hanford proper),
these movement corridors may take on greater
significance as they enable connectivity between
adjacent portions of the ecoregion (e.g., between
Hanford and the Yakima Training Center).

Thus, to fully use Figure 4.7, it is important that
landscape considerations are accounted for.  Site
activities should be planned such that fragmenta-
tion is not exacerbated, wildlife movement corri-
dors are maintained, and the full range of native

habitat diversity in a functional relationship is main-
tained.  Accounting for landscape factors also can
help in the appropriate siting of mitigation areas
such that habitat improvements can best meet their
intended goal of replacing lost resource values.

4.4 Biological Resources that
do not Qualify for Focused
Management Attention or
that Represent Undesirable
Resources

In addition to the four levels of management con-
cern discussed in Section 4.3, BRMaP addresses
two other management levels.  These levels are
defined as follows:

• Level A—Biological resources that are either
artificial habitats, such as abandoned old
fields, or that are common, regionally abun-
dant resources (but do not otherwise lend
themselves for monitoring ecosystem integrity
at Hanford) and therefore do not qualify for
focused management attention

• Level B—Undesirable biological resources that
may negatively impact biological resources of
concern at Hanford (e.g., noxious weeds).
Management is directed at control of Level B
resources and not their conservation.

Further discussion of Level A resources in BRMaP
is limited to a discussion in Appendix D of those
cover classes that do not qualify as a habitat of
concern on Hanford.  Control of undesirable species
(Level B) is discussed in Sections 8.1 and 8.2.  Also,
Section 7.2.2 provides additional guidance in regard
to avoiding the introduction of undesirable plant
species during revegetation actions.


