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SUMMARY 

In 1968, a program was srarted to assess the feasibility ci storing Hanford Site defense waste in deep caverns 
constructed in basa.l.t. This program was expanded in 1976 to include investigations of the Hanford Site as a poten
tial location for a mined commercial nuclear waste repository. Extensive studies of the geotechnical aspects of the 
site were undertaken, including preparations for drilling a large diameter (2.8 m) Exploratory Shaft to a depth of 1158 
m. On December 22, 1987, President Reagan signed into law the Nuclear Waste Policy Amendments Act of 1987, 
which effectively stopped all repository-related activities except reclamation of disturbed lands at the Hanford Site. 

This repon describes the development of the reclamation program for the Exploratory Shaft Facility, its im
plementation, and preliminary estimates of its success. The goal of the reclamation program is to return sites dis
turbed by the repository program as nearly as practicable to their original conditions using native plant species. 

Consrraints on the reclamation program include climatic factors, edaphic (soil) characteristics, competition 
from native and non-native species, and seed germination and growth characteristics of the desired species. The 
Exploratory Shaft Facility experiences a net input to soil moisture between November and February and a severe 
moisture deficit from July to October. Summer storms occasionally drop large amounts of moisture, but these are 
very infrequent and cannot be relied on to sustain plant growth. Precipitation during any period is unreliable: 
droughts have occurred in 1 of 5 years. Temperatures during the winter months are usually not so low as to preclude 
some plant growth at that time: indeed most of the shrubs and grasses are physiologically very active during this 

period. However, arctic air masses occasionally push the temperatures down to -200 Cor -300 C. At these tempera
tures, damage to unprotected growing plants may be severe. The transition period between March and June may be 
of primary importance to plant establishment. Temperatures ameliorate greatly from the winter lows, and moisture 
inputs usually increase. However, 15% of years since 1912 have failed to receive 2.5 em of precipitation during this 
period. Thus, providing adequate moisture to revegetated plants will be a critical to their success, at least during the 
frrst growth year. The soil of the Exploratory Shaft Facility is mapped as Hezel Sand, thus water-holding capacity is 
expected to be low. 

The Exploratory Shaft Facility is surrounded by a big sagebrush-cheatgrass community. The shrub component 
is dominated by big sagebrush (Artemisia tridentata) and grey rabbitbrush (Chrysothamnus nauseosus). Other shrub 
components include green rabbitbrush (C. viscidiflorus) and spiny hopsage (Atriplex spinosa). Cheatgrass (Bromus 
tecto rum) dominated the understory, though Sandberg bluegrass, botdebrush squirrel tail, and needle-and-thread were 
also present 

Demolition of the Exploratory Shaft Facility began in April 1988. All equipment, buildings, utilities, 
roadways, and gravels were removed. However, the reinforced concrete collar supporting the drill rig was not 
removed, but was disposed of in place. Because there was insufficient soil present to build a mound of soil over the 
collar and fill the large mud pit south of the drill rig, gravel was retained from the top course to build the mound. 

Revegetation began in November 1988. Soil compaction was relieved by disking to a depth of 15 em. 
Seeding consisted flrst of broadcasting seeds of Chrysothamnus spp. and Artemisia tridentata, followed by drilling of 
Sandberg bluegrass and bottlebrush squirreltail (Sitanion hystrix). A mulch of certified weed-free straw was then 
blown over the seedbed at a rate of 9000 kglha, which was twice the recommended rate. Six-inch (15-cm) tubeling 
spiny hopsage were planted between March 8 and 15, 1989. Plants were set in the ground in a clumped configura
tion with each plant set in a depression at least 2.5 em (1 in) below grade. The site was irrigated using hand-move 
sprinklers during March to June 1989. Irrigation was done at the end of each month sufficient to make the cumu
lative precipitation on the site reach 2.5 em (I in) per month. 

In order to track the development of vegetation in the target habitats, data on percent cover and plant density 
were obtained from the four control plots located around the Exploratory Shaft Facility in May and June 1988. 
Native grasses composed relatively little of the ground cover in the undisturbed habitat Cheatgrass, which occurred 
in all plots, grew mpid.ly between April and June, going from nearly 28% to nearly 50% of the ground cover in that 
time period. Vegetative growth on the revegetated areas was measured on March 30, 1989, by a stratified random 
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sampling of 60 plot frames (0.25 m2). The density of native grasses on the overflow pond area was greater on av
erage than elsewhere. Grass on the mound was shorter than grass elsewhere, though the difference was not statisti
cally significant Survival of spiny hopsage tubelings was detennined by walking eight east-west transects across 
the Exploratory Shaft Facility area, noting the number of planted sluubs along the transect and indicating which 
appeared alive and which did not Transects were surveyed on July 13, 1989. Overall, apparent hopsage monality 
during the fust4 months on the site averaged 51.5%. Mortality was higher in the center of the Exploratory Shaft 
Facility than at the edges. 

As of March 1989, cover by seeded grasses was consistent with the reclamation objective. Emergence was 
spotty, with many plots showing no grasses at all. Growth of grasses on the mound was poorer than elsewhere, 
though emergence rates were no different. An extremely low-temterature arctic air mass entered the Pasco Basin in 
February, with temperatures below -25°C. Most of the grasses showed frost burns from this low-temperature event 
Damage appeared sufficiently severe that many plants deemed alive at the end of March were unlikely to survive 
another month. Whether or not sufficient grasses survive cannot be assessed until the falll989 growth period. 
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1.0 INTRODUCTION 

The restoration of areas disturbed by activities of the Basalt Waste Isolation Project (BWIP) constitutes a 
unique operation at the U.S. Department of Energy's (DOE) Hanford Site, both from the standpoint of restoration 
objectives and the time frame for accomplishing these objectives. The BWIP reclamation program comprises three 
separate projects: borehole reclamation, Near Surface Test Facility (NSTF) reclamation, and Exploratory Shaft 
Facility (ESF) reclamation. This report describes the development of the reclamation program for the ESP, its 
implementation, and preliminary estimates of its success. 

1.1 BWIP ffiSTORY 

In 1968,a program was started to assess the feasi
bility of storing Hanford Site defense waste in deep 
caverns constructed in basalt (Deju 1978). In 1976, 
the National Waste Tenninal Storage Program, initiat
ed by the DOE, expanded the studies of basalt to in
vestigate the potential for a national commercial 
nuclear waste repository at Hanford. Eight other loca
tions in a variety of host media (i.e., type of rocks) 
were also defined as possible commercial waste dispo
sal locations by the initial studies (Babad 1985). 

On January 7, 1983, President Reagan signed into 
law the Nuclear Waste Policy Act of 1982 (Public Law 
97-425), which mandates the development of reposito
ries in deep geologic fonnations as the primary dispo
sal strategy for high-level commercial wastes (Babad 
1985). 

The Nuclear Waste Policy Act of 1982 required 
DOE to develop specific guidelines for establishing the 
site of the repository. In December 1984, the DOE 
published final guidelines for narrowing the nine sites 
under investigation by DOE to five. The five sites 
nominated were: Richton Dome, Mississippi; Yucca 
Mountain, Nevada; Deaf Smith County. Texas; Davis 
Canyon, Utah; and the Reference Repository Location 
on the Hanford Site in Washington State (Babad 
1985). The Reference Repository Location was select
ed in 1981 after extensive geotechnical studies. This 
location is a 4660 ha site within the Hanford Site that 
met all of the initial DOE guidelines for safety that 
were required before site characterization. 

In 1982, a large rotary drill rig was brought to the 
Reference Repository Location to bore the first large
diameter Exploratory Shaft, which would provide ac
cess to the basalt fonnations at the depth of the pro
posed repository. The shaft was to be drilled to a 
depth of more than 1158 m and a diameter of more 
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than 2.8 m. Horizontal core holes were to be drilled at 
depth from an underground shaft station to enable test
ing of the basalL A starter shaft was drilled to 30m 
(with a steel liner installed and grout placed between 
the liner and the shaft walls). A drill pad was con
structed around the starter shaft, and the rig was as
sembled to begin drilling the Exploratory Shaft. After 
drilling the starter shaft, DOE delayed further drilling. 

Two large boreholes were located adjacent to the 
Exploratory Shaft these were designated RRL-2B and 
RRL-2C. RRL-2B was to be used as the pumping lo
cation for the large-scale hydraulic stress test, which 
was to detennine flow parameters of the confined 
aquifers. Pumped water was to be piped to a benned 
pit several hundred yards west of the well site. Aquif
er response was to be measured in well RRL-2C. 

On December 22, 1987, President Reagan signed 
into law the Nuclear Waste Policy Amendments Act of 
1987 that provided, among other things, that DOE 
must 1) proceed with the orderly phase out of all site 
characterization activities (other than reclamation ac
tivities) at all candidate sites except Yucca Mountain 
and 2) suspend site characterization activities at all 
candidate sites, except for Yucca Mountain, within 
90 days of the date of enactment of the Nuclear Waste 
Policy Amendments Act of 1987. This law effectively 
stopped all site characterization for BWIP at Hanford 
and established Yucca Mountain, Nevada, as the offi
cial site for the repository. 

No specific standards and criteria were spelled out 
in the Nuclear Waste Policy Amendments Act that 
governed the reclamation of the Hanford Site; there
fore, other guidelines and comminnents were applied. 
The Nuclear Waste Policy Act requires DOE tore
claim sites disturbed during civilian radioactive waste 
management activities. In Section 7.6 of the Nuclear 
Waste Policy Act document, Mission Plan for the 
Civilian Radioactive Waste Management Program 



(DOE 1985), the guidelines for decommissioning sires 
found unsuitable for repository development are pre
senred. In general, the Mission Plan stares that a site 
shall be returned as nearly as practicable to its original 
condition. This became the objective of the BWIP rec
lamation project. Although the Hanford Site was not 
determined to be unsuitable for licensing, for purposes 
of decommissioning, the provisions spelled out in the 
DOE Mission Plan were applied to BWIP closeout. 

1.2 SITE ffiSTORY 

The Hanford Site constitutes a significant preserve 
of natural resources in the state of Washington because 
of its unique history and location. This history is out
lined in the following subsections. 

1.2.1 Pre-Nuclear History 

Lewis and Clark, who traveled the Columbia and 
Snake rivers during their 1803-1806 exploration of the 
Louisiana Territory, were the first Euro-Americans in 
the region. Fur trappers soon followed, passing 
through on their way to more productive lands to the 
west In the 1860s, merchants established stores, a 
freight depot, and the White Bluffs Ferry on the 
Hanford reach of the Columbia River. Chinese miners 
began to work the gravel bars for gold. In the 1880s, 
cattle ranches and farms developed. In the early twen
tieth century, the small towns of Hanford, White 
Bluffs, and Ringold thrived. These towns were razed 
and the people relocated after the U.S. government 
acquired the land for nuclear materials production in 
the early 1940s (Cushing 1987). 

1.2.2 Nuclear (Since 1943) History 

The Hanford Site was chosen in 1943 as the loca
tion for the plutonium production facilities needed to 
produce an atomic bomb. Three reactors began pro
ducing plutonium in 1944-1945. Chemical separations 
facilities began operating in 1944, separating plutoni
um from the irradiated uranium fuel elements (Chatters 
1989). 

After World War II the reactors continued to pro
duce plutonium. In August 1947, a major expansion 
was announced, including construction of six addi
tional reactors. 
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In 1964, a reduction of nuclear arms production 
began. By 1972 all reactors were shut down except 
theN Reactor, and all of the separation plants were 
shut down except the Plutonium-Uranium Extraction 
(PUREX) plant (Chatters 1989). 

In the 1970s, the WashingtOn Public Power Supply 
System, a not-for-profitjoint operating agency of 
public utilities in the Pacific Northwest, began con
structing three nuclear power reactors in the south
eastern portion of the Hanford Site. Reactor WNP-2 
has been generating electricity for commercial use 
since 1984. Reactors WNP-1 and WNP-4 have been 
mothballed (an extended conslruction delay) (Chatters 
1989). 

Today the Hanford Site is managed by DOE. The 
Hanford mission includes conducting research, devel
oping new technology, managing the disposal of radi
oactive wastes, and conducting environmental, health, 
monitoring, and safety studies. The only large-scale 
DOE reactor operating on the Hanford Site is the Fast 
Flux Test Facility, located in the 400 Area. This 
sodium-cooled reactor began full-scale operations in 
April1982 as a test reactor for testing reactor fuels 
and materials (Chatters 1989). 

Because public access to the Hanford Site has 
been restricted since the 1940s, it is the only expanse 
of nearly pristine shrub-steppe habitat in the state of 
Washington. Consequently, much of the Site is des
ignated as wildlife refuges and ecological reserves. 

1.3 SITEDESCRIPTION 

The Hanford Site is located in southeastern Wash
ingtOn S~te, occupying an area of approximately 
1450 km (Figure 1). The Hanford Site lies within the 
Pasco Basin, the structural and topographic low part of 
the Columbia Plateau. The terrain of the basin is rela
tively flat with subtle topographical features formed by 
large, glacially related floods that occurred in the 
Pasco Basin more than 13,000 years ago. The semi
arid land has sparse covering of desen shrubs and 
drought-resistant grasses. The most broadly distribut
ed vegetation type on the Site is the sagebrush/cheat
grasS/bluegrass community. The ESF is situated with
in the Cold Creek Syncline, which is a low area be
tween the Umtanum Ridge-Gable Mountain structure 
and the Yakima Ridge anticline. 
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Figure 1. Location of the Reference Repository Location and the Hanford Site. 
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2.0 RECLAMATION PROGRAM 

The DOE detennined on the basis of commitments made in several National Environmental Policy Act (NEPA) 
documents that sites disturbed by BWIP would be restored to conditions similar to natural plant communities adja
cent to disturbed areas unless alternative land uses were to be implemented (DOE 1978, 1982, 1986). Primary 
goals were to establish self-sustaining vegetation and to produce cover conditions comparable to those existing be
fore the disturbance. Restoration focused on re-establishment of native plant species and suppression of invading 
exotic species. Disturbed sites located entirely within plant communities dominated by exotic species would not be 
required to be reclaimed with native species. 

For the purpose of reclamation, natural vegetation is defined as the pre-existing vegetation of sites before BWIP 
disturbance and can generally be determined by the plant communities surrounding a disturbed site. Native vegeta
tion is defined as plants endemic to southeastern Washington as opposed to exotic vegetation. Exotic or alien vege
tation is defined as plants that are not native to southeastern Washington (i.e., have been imported in historic times 
from outside this region). 

The DOE has determined that recovery of natural vegetation on disturbed sites and eventual restoration success 
will be evaluated for 1 year after completion of the reclamation activities and a determination will be made within 
that time relative to the need for additional reclamation work. Success will be based on how well the planted stands 
resemble nearby undisturbed plant communities. 

2.1 ENVIRONMENTAL CONSTRAINTS 

The definition of a successful reclamation program 
must account for a number of environmental con
straints and processes that impinge on a site. The pri
mary process involved is that of plant succession, 
which involves five stages: propagule migration, plant 
establishment, edaphic (soil) reaction, competition, 
and stabilization. Propagule migration can be en
hanced by seeding or planting appropriate species; 
subsequent plant establishment may be influenced by 
manipulation of soil and microclimatic features of the 
site. Edaphic reaction follows, in which the biotic and 
abiotic characteristics of the soil are modified by 
growth and development of the resident plants. At 
some point, competition between plants will become 
important, changing the community structure on the 
site. Competition can be modified by manipulating 
species types, rates of interaction, and timing of inter
action. Finally, succession is expected to produce a 
stable mix of species and edaphic characteristics. 

Constraints that defme the rates and endpoints of 
succession at any particular site include climatic fac
tors, edaphic (soil) characteristics, competition from 
native and non-native species, and seed germination 
and growth characteristics of the desired species. In 
arid areas, moisture availability and interspecific com
petition from alien annuals are the key constraints to 
reclamation. 
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2.1.1 Climate 

Air temperature, precipitation, and wind are key in
fluences that govern the geographic distribution of 
plants and animals on the Hanford Site. Climatologi
cal data for the Hanford Site have been gathered con
tinuously since 1953 at the Hanford Meteorological 
Station (HMS), located near the 200-West Area. Al
though the HMS was established in 1944, data collec
tion was not routinely established until 1953. Data for 
the years between 1912 and 1944 were recorded at the 
Hanford Townsite near the Columbia River. 

High temperatures avezage in excess of 32CC dur
ing July and August, with a record high of 46CC in 
July 1939 (Figure 2). Winter (November to February) 
minimum temperatures average between -7~ and 
-ICC, with a record low of -33CC (in December 1919). 

Annual precipitation has exhibited a fairly broad 
range of variability since 1912 (Figure 3). The driest 
year on record was 1976, with a total precipitation of 
7.5 em, or 47% of normal. The wettest years were 
1940 and 1950, with 28.2 and 28.6 em, respectively. 
Annual precipitation may be expected to fall between 
12.5 and 20 em, though nearly 20% of the years be
tween 1912 and 1987 experienced less than 12.5 em 
(Figure4). 
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Figure 2. Nonnal and Extreme Daily Temperatures at Hanford 

On average, some 52% of annual precipitation falls 
from November to February (Figure 5). Monthly pre
cipitation rates decline from the December high of 2.3 
em, but increase again from April to a secondary max
imum in June of 1.3 em. July is the driest month, with 
an average of only 0.4 em of precipitation. The year 
may thus be subdivided into three phases, based on 
temperature and precipitation regimes: 1) a dry, hot 
season from July through October, 2) a relatively 

wetter cool season from November and February, and 
3) a dry, wann season from March to June (Figure 6). 

The November through February period is most 
important in tenns of input to soil moisture. This 
4-month period experiences an average of 8.5 em of 

0 

rainfall and a mean temperature of 1.4 C. At least 
some rain has occurred during this period in every 
year since 1912 (Figure 7). Thirty-three percent of all 

30-r._... ..................................................................................................................................... _, 

-E 
~ 
c 
.!2 
$ 
·a. 
·~ 
CD .... 
a.. 

20 

co 
~ 10 
c 
c 
< 

No Data Gathered 

0~----------~-----~-------------------~--~--------r----------------------r---------~-----__, 
1900 1920 1940 1960 1980 2000 

Figure 3. Annual Precipitation at Hanford Since 1912 
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Figure 4. Histogram of Annual Precipitation at 
Hanford, 1912- 1987 

years since 1912 had between 7.5 and 9.5 em ofrain
fall in these months. Rainfall during this period 
ranged from a low of 2.2 em to a high of 17.5 em. 
Together with the low tempezatures and high relative 
humidity (70 to 80%) during this period, evapotran
spiration losses are minimal. Most of the precipita
tion remains in the topsoil, except when Chinook 
winds or warm rains occur after a period of sub
freezing temperatures. In such cases, much of the 
precipitation and melting snow may run off. 

The period from March to June represents a transi
tion from the relatively wet, cool winter to the hot. 

Jan Fib Mar /lflr May JuM July Aug Sept Oct Nov Dec 

Figure 5. Average Monthly Precipitation at Han
ford, 1912- 1987 
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very dry summer and early fall. Temperatures during 
this transition period average 140C, and precipitation 
averages 4.5 em (Figures 6 and 7). Precipitation 
ranges from a low of 0.62 em to a maximum of 11.2 
em, with most of this occurring in the month of June. 
Thirty-four percent of years since 1912 received be
tween 1.1 and 4.2 em. 

The dry season occurs from July tluoogh October, a 
period especially stressful for plant survival. These 
months include the hottest and driest of the year; only 
rarely are winter and spring moisture accumulations 
sufficient to provide a carry-over of available soil 
moisture through this period (Hinds and Thorp 1972). 
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Figure 6. Average Temperature (broken line) and 
Precipitation (solid line) for Three Periods of the 
Year 

Temperatures average 19.70C, and rainfall averages 

E 
(.) 

3.2 em (Figures 6 and 7). Precipitation during this 
period ranges from a low of 0.17 em to a high of 12.2 
em, most of which falls during summer thunderstorms 
(Stone et al. 1983). The extreme dryness of this period 
is reflected in the fact that 75% of all years since 1912 
had less than 4.2 em of rainfall during this 4-month 
period 

The key implication of these data for revegetation 
is that the ESF lies in an arid zone that experiences a 
net input to soil moisture between November and 
February and a severe moisture deficit from July to 
October. Summer storms occasionally drop large 
amounts of moisture, but these are very infrequent and 
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Figure 7. Histograms of Precipitation During Three 
Periods of the Year, 1912- 1987 

cannot be relied on to sustain plant growth. Precipita
tion during any period is unreliable: droughts have oc
curred in 1 of 5 years. Temperatures during the winter 
months are usually not so low as to preclude some 
plant growth at that time: indeed most of the shrubs 
and grasses are physiologically very active during this 
period. However, arctic air masses occasionally push 

0 0 

the temperatures down to -20 Cor -30 C. At these 
temperatures. damage to unprotected growing plants 
may be severe. The transition period between March 
and June may be of primary importance to plant estab
lishment. Temperatures improve greatly from the 
winter lows, and moisture inputs usually increase. 
Again, however. 15% of years since 1912 have failed 
to receive 2.5 em of precipitation during this period. 
Thus, providing adequate moisture to revegetated 
plants will be a critical to their success, at least during 
the ftrst growth year. Options include irrigation and 
microtopographic modifications and planting schemes 
that will enhance snow harvesting and modify the soil 
moisture profile 
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2.1.2 Wind Regimes 

Wind data are routinely collected at the HMS. In 
addition to the surface (7-ft) wind data, wind data are 
collected at the 50-, 100-,200-. 300-. and 400-ft inter
vals of the 410-ft tower at the HMS. Telemetry sta
tions distributed on and around the Hanford Site pro
vide supplementary surface (30-ft) wind data for de
fining wind patterns. 

Prevailing wind directions are from the northwest 
in all months (Figure 8). Southwesterly winds are of 
secondary importance. Wind direction summaries in
dicate that winds from the northwest quadrant occur 
most often during the winter (December through 
February) and summer (June through August). During 
the spring and fall, the frequency of southwesterly 
winds increases with a corresponding decrease in 
northwesterly flow. Winds blowing from other direc
tions (e.g., northeast) display minimal variation from 
month to month. 

Monthly average wind speeds are lowest during the 
winter months, averaging 9 to 11 km per hour, and 
highest during the summer, averaging 14 to 16lan per 
hour. Wind speeds that are well above average are 
usually associated with southwesterly winds. In the 
summer, high-speed winds from the southwest are re
sponsible for most of the dust storms experienced in 
the region. 

Wind and precipitation regimes combine to make 
the summer months the critical period when erosion 
potential is at its highest Winds at the ESF during this 
period will generally be from the west to northwest 
Because of the great size of the disturbed area at the 
ESF and the types of soils present (see next section), 
erosion control measures are necessary to prevent dis
ruption of the soil-root contact for seeded plants. Ero
sion control measures that have been employed at the 
site include the use of tacking agents, incorporating 
mulches such as straw into the soil, mechanical com
paction of the soil surface, and irrigation. 

2.1.3 Soils 

Soils are classified according to general type, such 
as the Ritzville or Warden series, and subdivided ac
cording to texture. Soil series are named for towns or 
other geographic features near the place where soils of 
that series were ftrst described (Rasmussen 1971). 
Further characterization of soils reflects differences in 
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Figure 8. Monthly Wind Roses for the HMS Based on 50-ft Wind Data, 1955- 1980 

vegetative history, soil depth, parent material, and na
ture of deposition. 

The boundaries of plant communities and soil types 

do oot necessarily coincide (Daubenmire 1970). How
ever, soil characteristics important to plants on the 
Hanford Site include water holding capacity, depth, 
and parent material. Water-holding capacity is a func
tion of texture and organic content fme-textured soils, 
such as silt loarns, have higher water-holding capaci
ties than sands (Bradshaw and Chadwick 1980). The 
soil of the ESF is mapped as Hez.el Sand, characterized 
as a sandy loam having greater than 50% of its struc
ture composed of sand. Water-holding capacity is thus 
expected to be low. 

2.1.4 Plant Communities 

The Hanford Site lies within the shrub-steppe eco
system, which is characterized by desert shrubs [e.g., 
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sagebrush (Artemisia spp.), rabbitbrush (Chrysotham
nus spp.), and bitterbrush (Purshia tridentata)] and 
bunchgrasses [e.g., bluegrasses (Poa spp.) and wheat
grasses (Agropyron spp.)) in roughly equal propor
tions, at least under pristine conditions (Daubenmire 
1970). 

Native plants important to revegetation of the ESF 
are comprised mainly of cool-season species (Rickard 
1988). Vegetative growth occurs primarily during the 
late fall after the flrst rains and during spring before 
the extreme temperatures of summer (Rickard and 
Schuler 1988). The primary shrub species, big sage
brush (Artemisia tridentata), is capable of photosyn
thesis year-round, provided sufficient water is present 
in the soil and air temperarures are between 10CC and 
20CC (DePuit and Caldwell1973). Usually, however, 
growth is greatest in the cool season. Flowering and 
seed set occur in late November to early December. 
Gennination of big sagebrush seeds is inhibited by 



continuous temperatures below 50C, and highest when 
wann-period temperatures reach i5CC (Evans and 
Young 1986). 

The most problematic shrub species as far as reveg
etation of the ESF is concerned is spiny hopsage (Atri
plex spinosa). Spiny hopsage drops its leaves at the 
onset of hot weather and remains dormant until late 
winter (Rickard and Schuler 1988). Its peak growth 
period is thus limited to the cool, moist conditions of 
the spring. Spiny hopsage flowers in early spring and 
sets seed just before leaf-drop. Germination of seeds 
under laboratory conditions reached optimum levels 
when exposed to 50C nights and 100C to 300C days 
(Wood et al. 1976). 

The principal native grasses important to revegeta
tion of the ESF are Sandberg bluegrass (Poa sandber
giz), bottlebrush squirrel tail (Sit anion hystrix), and 
needle-and-thread grass (Stipa comata). Cheatgrass 
(Bromus tectorum) is an important non-native compo
nent of most habitats on the Hanford Site. Cheatgrass, 
an annual, is a highly competitive species, especially 
on disturbed areas. Both cheatgrass and Sandberg 
bluegrass germinate after the fll'St significant rains in 
fall. Sandberg bluegrass sets seed during early spring, 
then becomes dormant until fall. Cheatgrass sets seed 
slightly later, then dies (Rickard and Schuler 1988). 
Sandberg bluegrass seeds have low germinability until 
6 months after dehiscence (Evans et al. 1977). 

Germination of Sandberg bluegrass seeds is highest 
at daytime temperatures of 150C to 250C and overnight 
temperatures of 50C to 150C (Evans et al. 1977). Nee
dle-and-thread grass seeds genninate in early winter 
(Rickard and Schuler 1988); bottlebrush squirreltail 
germinates in late fall and early winter (Young and 
Evans 19n). Bottlebrush squirreltail seed germination 
is highest under conditions of wann days (1 OOC to 
200C) and cool nights (50C), but, like all the grasses, 
may be inhibited by low soil moisture (Young and 
Evans 1977). 

A number of alien annual species occur on the Han
ford Site. Most of these are early successional varie
ties that rapidly colonize areas of soil disturbance. 
Such colonizers include prickly lettuce (Lactuca serri· 
ola), tansy mustard (Descurainea pinnata), tumble 
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mustard (Sisymbrium altissimum), Russian thistle 
(Salsolakalt), and cheatgrass (Bromus tectorum). 
The most aggressive and ubiquitous of these is cheat
grass. Areas occupied by cheatgrass are resistant to in
vasion by native species (Rickard and Sauer 1982). 

Cheatgrass is a Eurasian native that was introduced 
to Washington State in the 1890s (Klemmedson and 
Smith 1964, in Daubenmire 1970). The first plants to 
colonize a disrupted (e.g., plowed) area are usually 
Russian thistle and tumble mustard, though these are 
completely eliminated in a few years by cheatgrass 
without appropriate management (Daubenmire 1970). 
In arid areas such as the Hanford Site, cheatgrass oc
curs in nearly pure stands on formerly disturbed 
ground. Old fields abandoned on the Site in the early 
1940s continue to be dominated by cheatgrass, to the 
exclusion of native species (Rickard and Vaughan 
1989). Other areas outside the Hanford Site have re
mained as nearly pure stands of cheatgrass despite the 
elimination of human-caused disturbances at least as 
far back as 1911 (Daubenmire 1970). 

Two considerations for reclamation derived from 
the above discussion are significant for revegetating 
the ESF site with native vegetation. First, the native 
grasses all germinate during the early fall period after 
the first signiftcant rains, a period when soil tempera
tures are still high but occasional freezing air tempera
tures may be expected. Because native grasses are 
cool-season species, they perform most of their growth 
and nutrient storage during the winter before the 
ground freezes and in the spring between ground-thaw 
and summer heat (Chapin 1980). Grasses planted too 
close in time to ground freeze or in the spring may not 
have sufficient time to establish an adequate nutrient 
and moisture base to carry them successfully through 
summer dormancy. Irrigation may enhance the rate of 
survival should planting be performed late, but if dor
mancy is triggered by day length or temperature, such 
actions will be futile. 

The second consideration for reclamation deals 
with competition from cheatgrass. As a component of 
nearly all communities on the Hanford Site, cheatgrass 
can be expected to invade the ESF site at some point 
Establishment of native grasses early in the succes
sional cycle prior to that invasion is essential to their 
continued presence at that site (Daubenmire 1970). 



2.2 DERIVATION OF RECOMMENDATION 
FOR RECLAMATION 

A specific reclamation objective was fonnulated for 
the ESF and associated boreholes RRL-2B and C 
based on pertinent regulations; commitments made by 
DOE; considerations for the interests of Native 
Americans as interpreted by the DOE; technical issues 
regarding the climate, soil, and plant communities of 
the ESF area; specific details of the nature of the dis
turbance at the site; and infonnation collected from on
site and elsewhere regarding revegetation practice in 
arid environments. The reclamation objective was to 
restore the site to conditions present in the undisturbed 
community surrounding the site. 

2.2.1 ldentiracation or Existing Site Conditions 

The ESF was visited in April 1988 by Pacific 
Northwest Laboratory (PNL) reclamation staff to de
tennine the nature of the disturbance and the status of 
the surrounding habitat, to compare soil parameters in 
disturbed and undisturbed areas, and to identify the 
primary stumbling blocks for revegetation. 
Westinghouse Hanford Company personnel were con
sulted to identify the intended use of the site and any 
decommissioning constraints that might affect site rec
lamation. It was detennined that borehole RRL-2C 
was to be retained as part of the Hanford ground-water 
monitoring network, otherwise all areas were to be re
turned to original conditions. 

At the time of the review, the ESF was occupied by 
13 mobile office trailers, a large rotary rig and asso
ciated shop, compressors, crew trailer, mud mixing 
tank, and 17 sections of 112-in. J.D. steel well casing 
(Figure 9). The drill rig was mounted on a reinforced 
concrete foundation over a I 56-in. diameter starter 
hole dug and lined to 100ft depth with corrugated 
metal pipe. The top 17 ft of the starter hole were sup
ported with a reinforced concrete collar. A large mud 
pit was excavated south of the drill rig and equipped 
with steel piling baffles. Drilling mud had been mixed 
in this pit in preparation for drilling the main shaft 

The site was enclosed by a chain link fence with 
two vehicle gates and one pedestrian gate. An asphalt 
roadway provided access to the south vehicle gate, and 
a dirt road paralleled the fence outside on the west 
Both the ESF and the two well sites were covered by 
approximately 12 in. of compacted rock/graveVsand 
mixture. Electrical power, water and sewage lines, and 
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communication utilities were all buried. A septic tank 
and drain field served the offices. A positive displace
ment sucker rod pump occupied the pad on borehole 
RRL-2B. This pump was connected via aluminum 
pipe to a benned pit west of the pad. A dirt road con
nected the pad at borehole RRL-2B to the bermed pit. 

During demolition, all equipment, buildings, utili
ties, roadways, and gravels will be removed. Howev
er, two constraints were identified that affect site resto
ration: the reinforced concrete collar supporting the 
rotary drill rig would be too expensive to remove and, 
therefore, must be disposed of in place. Also, there 
was insufficient soil present to build a mound of soil 
over the collar and fill the large mud pit south of the 
drill rig. 

2.2.2 Revegetation Methods and Materials 

The ESF was revisited in April and May 1988 to 
characterize the nearby undisturbed community and to 
determine what, if any, residual toxicity remained in 
the soils from prior herbicide applications. These data 
were used to design revegetation specifications for the 
site. 

The vegetative community was assessed in relative
ly undisturbed areas representing the least disturbed 
native community near the site. On May 11-13, 1988, 
four plots were located at the site: one west of 
RRL-2B, one north of the ESF, and two west of the 
ESF. No plot was located at borehole RRL-2C be
cause the only undisturbed habitat at that site lay some 
distance inside the 200-West Area fence. The com
munity at borehole RRL-2C was assumed to be ade
quately represented by the samples taken at the four 
plots across Anny Loop Road. Sampling locations 
consisted of 10.. x 10-m plots located at least 10m 
from the edge of the reclamation site. Plots were 
marked with wooden stakes bearing the site and loca
tion designations. Canopy cover of grasses and shrubs 
was measured along the side of the plot nearest the dis
turbed area. Plant cover was measured using the 
point-interception method (Goodall1953) by means of 
an optical point bar (Vie~ 1985). The bar consists of 
lQ ocular scopes with crosshairs. Species were record
ed whenever they intersected the view beyond the 
crosshairs. Sampling using the optical point bar was 
repeated at 1-m intervals starting 1 m from one comer 
of the plot Percent cover for any species at any sam
pling location was therefore simply the sum of the 
point interceptions for that species at that location. 
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Shrub density was detennined by counting all shrubs, 
by species, within the plot. Finally, all species present 
within the plot were tallied. Plots were sampled again 
on June 21, 1988. During the time since the previous 
sampling, the stakes marking the plot at borehole 
RRL-2B had been removed and the original plot could 
not be relocated. Consequently, a fifth plot was added 
south of the ESF. 

The ESF and boreholes RRL-2B and Care sur
rounded by a big sagebrush-cheatgrass community. 
Overstory was dominated by big sagebrush at two of 
the five sampling plots, but grey rabbitbrush (Chryso
thamnus nauseosus) predominated in the remaining 
three sites. Other shrub components include green 

rabbitbrush (C. viscidijlorus) and spiny hopsage 
(Table 1). Cheatgrass dominated the understory in ev
ery plot, though Sandberg bluegrass, bottlebrush squir
reltail, and needle-and-thread were also present Com
plete data are presented in Appendix A. 

Soil samples were collected on April15, 1988, to 
detennine the physical and chemical characteristics of 
undisturbed soils near the borehole sites. Samples 
were taken at 15-cm depth at four locations around the 
perimeters of the ESF and borehole RRL-2B. Samples 
were composited for analysis. Parameters analyzed 
were texture (percent sand, silt, and clay), pH, phos
phorus, potassium, total Kjeldahl nitrogen, organic car
bon, and cation exchange capacity. Data are presented 
in Table 2. 

Table 1. Average Cover and/or Plant Density for Species in Undisturbed Plots 
Located Outside the ESF and Borehole RRL-2B. N=S plots. Data for three plots are 
average values taken from tow dates of measW"ement (Appendix A). 

Species 
Oteatgrus 
Sandbe!J bluegrass 
Needle-and-thread grass 
Big sagebrulh 
Grey rabbit.brush 
Green rabbitbrush 
Spiny hopaaee 

Percent Cover 
Mean Std.Dev. 

41 14.8 
o.2 03 
0.1 o.2 
8.1 13 
6 5.9 
1 22 
0 0 

Shrub Density (1.10.01 ha) 
Mean Std.Dev. 
N/A N/A 
N/A N/A 
N/A N/A 
11.8 9.5 
84.7 1233 
27 43 
o.2 0.45 

Tablel. Soil Parameters from Undisturbed Soils Surrounding the ESF 

Location 
ESF and RRL-2B 
Perimeter 

Ph 
7.6 

p 
(ppm) 
10.6 

K 
(ppm) 
269 

N 
(%) 
0.02 

13 

OrJanic 
C(%) 
0.16 

CEC Sand Sih 
(rneq/100 g) -~(%~)- -~(%.;,:)~ 

5.4 88.9 7.1 

Cay 
(%) 
3.9 





3.0 RECLAMATION METHODS 

In fonnulating reclamation recommendations, our considerations were in order of priority: 

• the objective stated in the reclamation plans: returning sites as near as possible to native plant communities 

• the time frame available in which to accomplish that objective: 2 years 

• the technical factors that would prevent obtaining that objective 

• how to approach the objective at a reasonable cost. 

Technical constraints and considerations for the ESF and boreholes RRL-2B and C and the means selected to 
overcome or minimize each constraint are identified in Table 3. The overall framework for developing the reclama
tion program is given in Figure 10. 

3.1 DEMOLIDON PHASE 

The contents of the large mud pits at the ESF and 
borehole RRL-2B were examined to determine if any 
would require disposition according to the Resource 
Conservation and Recovery Act (RCRA), the Wash
ington Solid Waste Management Act, or the Washing
ton Hazardous Waste Management Act. No hazardous 
materials were identi.fied. 

Aboveground facilities including trailers, the rotary 
drill rig, drilling equipment, well casings, valves, me
ters, office and power supplies, fencing, and portable 
equipment were removed and salvaged. Utilities bur
ied within 90 em of the natural ground surface were 
uncovered and removed. Permanent below-ground 
sanitary facilities were removed and holes backfilled. 
Asphalt roadways and walkways were removed and 
hauled to the landfill. 

Table 3. Site-specific Constraints and Considerations and Their Solutions to be Implemented in the Reclama
tion Program. 

Site Constraint 

An artificial mound covering the drill rig col.lar will be oompoced of 

gravels and smd with low nutrienu md organic matter. 

CoruWit soil moisture during early growth is critical10 planting 

succeu. 

Site Solution 

Slow-release nitrogen fertilizer (sulphur-coated urea) will be added at 

the rate of 34 kg NJha 10 site prior 10 cultivation of seedbed. 

Inigation Willer will be available at the site after reclamation is com

plded; therefore, the site will be irrigated sufficient 10 generate 2.5 em of 

moisture per month, including rainfall, from March 10 June 1989 

after seeding is completed. 

Oleatgrus is a dominmt element of the vegetation surrounding the site. Site will be cleared of gravel after cheatgrus has set seed, and will be 

seeded with native species before growth of next generation of 

cbeatgrus. 

Previous attempu at establishing big sagebrush from seed elsewhere on Seed of more-easily generated shrub species will be used with supple-

the Hlllford Site had met with little success. mental irrigation. This tactic increases the risk of failure to establish 

shrubs, vs. using tubeling stock 

Spiny hopsage planu on the Hanford Site all belong 10 a very old age Spiny hopsage will be established from containerized {tubeling) stock. 

class, indicating successful reproduction from seed has been rare. 

Site will be cleared of top course materials several mooths before 

seeding. 
Site surface will be protected from wind erosion by application of an 

organic tacking agenL 
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Original conditions: 
Wildife habi1at 
lnclJstrial use 

•Employ native species 
•Produce aeH-suslaining 
communities 
•Provide for original wildlife uses 
•Establish communities resistant 
to disturbance by fire arid 
erosion 

Decision on future land uae 

Appraisal of site and substrate 
(climate, physical properties, fertility, toxicity, 

etc.) 

Formulation of ecolorical roal for 
revegetation in relation to land u.e 

Along wilh pi'Op8f1ies of 
site and substrate, 
consider: 
-objectives 
•Cost or treatment 
altematives 

•2 year .schedule 

See OPTIONS AND 
DECISION LOGIC 

Development of 
amelioration prorram 
(fertilizer, organic 
mulches, taclcing agents, 
topsoil addition, cation 
exchange capacity, 
contouring, microclimate 
alteration) 

Development of 
.eedinrfplan~ 
mixtures 
(grasses, legumes, other 
herbs; tree and shrub 
seeds or plantings; 
microbial inocula) 

Grasses: Drilling during Sept 15 to 
Oct 15 most successful on Hanford 
sile 
Shroos~ Seeding attemptS on 
HanfOtd had no success; tlbelings 
planted during high-moisture period 
likaly 10 have greatest success 

Seeding and plantinr 
(choice of method, timing) 

Monitorinr 
(plant growth and soil development) 

Maintenance 
(fertilizing, additional planting) 

-6.5 in. annual rainfall 
•Summer temp > 900 
•Low soil cation exchange 
•Compacted soils 
•Low organic content in soils 
•Low nitrogen content in soils 
•Unnatural contours 
•Erodible soil surface 
•Wildfires occasional 
•Non-native species present 
•Native recolonization slow 

1) Identify community 
types 

2) Measure cover of 
grasses and shrubs 

3) Formulate grass seed 
mbctures specific to 
community 

4) Use shrub tubelings to 
enhance success/cost 
ratio 

5) Shrub density to be 
planted • 1.3 x shrub 
density in community 

6) Include food plan1S of 
Native Americans for 
NSTF 

7) Use V AM inocula to 
lower effects of 
nutrientlwaler stress 

Primary considerations 
are: 
•2 year schedule 
•Unpredictable moisture 
•Little site-specifiC data 

on revegetation with 
native species 

Figure 10. Framework for Reclamation Decisions at the ESF 
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Piling baffles were cut from the mud pits, which 
were then backfuled with soils salvaged from their 
original construction. Tbe ESF starter hole was back
filled with base course material removed from the ac
cess roadway. Base course material throughout the 
site was removed down to the original soil surface. 
Part of this material was retained to build up a mound 
over the former ESF starter hole collar. The remainder 
was trucked to Pit 25 for disposal. Exposed soils were 
ripped to a depth of 30 em to relieve compaction and 
recontoured to approximate the contours prior to con
struction of the ESF. A commercial organic tacking 
agent (J-Tac-HS) was applied to the site at a rate of 
90 kg/ha. Wood cellulose fiber was incorporated with 
the tacking agent as a tracer. The recommended rate 
was 112 kg/ha; because of an oversight, the rate actu
ally applied was 560 kg/ha. The effect of the exces
sive wood fiber added to the site would be to decrease 
the amount of soil nitrogen available to the plants 
(Bradshaw and Chadwick 1980). This effect was miti
gated by the later addition of a slow-release nitrogen 
fertilizer (see Section 3.2.1). 
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3.2 REVEGETATION PHASE 

Numerous studies of succession in disturbed arid 
regions have shown that recovery after severe distur
bance, such as topsoil removal or high-temperature 
wildfrres, will be delayed by anywhere from 6 to 50 
years or more, depending on the type and extent of the 
disturbance (e.g., Allen 1988). Often, especially in the 
presence of cheatgrass, the final community type may 
be much different than that present before the distur
bance (Biondini et al. 1985). Intervention in the form 
of appropriate seedbed preparation and seeding or 
planting appropriate vegetation will dramatically in
crease the probability of re-establishing a community 
similar to that existing before the disturbance (DePuit 
and Redente 1988), as illustrated in Figure 11. 

The strategy employed at the ESF was to introduce 
as many species as possible from seed, supplement 
rainfall by irrigation, and establish spiny hopsage by 
planting tubeling stock. Revegetation of the ESF and 

Mixed Natjya!A!jen 
Commynjty· 
Dominant species 
similar to undisturbed 
stands 

Figure 11. Schematic Diagram of Community Time-Transition Trajectories at the ESF (width of transition ar
rows corresponds to the probability of continuing along a transition trajectory from one community 
type to another.) 
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boreholes RRL-2B and C was to begin by September 
15, 1988, with seeding completed by October 15, 
1988. Delays experienced in obtaining a revegetation 
contractor, however, resulted in no work being done 
until November. Because of this delay, seeded plants 
can be expected to be smaller and less hardy than 
plants seeded at the appropriate time (see Section 
2.1.4). Irrigation during the spring growth phase (Sec
tion 3.2.5) may mitigate the effect of the delay. Re
vegetation consisted of five activities: seedbed prepar
ation, seeding of grasses and shrubs, mulching with 
straw, planting hopsage tubelings, and irrigation. 

3.2.1 Seedbed Preparation 

Soil compaction was relieved by disking to a depth 
of 15 em. Scarification by means of disking to a depth 
of 15 em is recommended in shallowly compacted 
soils (e.g., Redente et al. 1984), such as those expected 
to underlie the compacted base-course material at the 
ESF. Such treatment significantly enhances the likeli
hood of establishing appropriate vegetation (Biondini 
et al. 1985). Following disking, the seedbed was sur
face-compacted using a cultipacker and roller. This 
aids in the prevention of wind and water erosion (Toy 
and Shay 1987) and provides a stable base for drilling 
seeds to the appropriate depths (Haferkamp et al. 
1987). Seedbed preparation began November 8 and 
was completed by November 12, 1988. 

Soil samples were collected on July 12, 1988, from 
three strata on the reclamation area at the ESF: the 
mound over the former drill rig collar, the soils filling 
the former mud pit, and the native soils revealed by the 
removal of the top-course material (Table 4). General
ly, soils exposed after removal of the surface course 
materials were higher in silt and lower in sand particles 
than were undisturbed soils. Organic carbon levels 
were slightly lower on the disturbed soils, as were lev
els of most macronutrients. However, no differences 

were large enough to warrant mitigation. Nitrogen 
levels on the revealed soils were similar to those in un
disturbed soils (Table 2), but levels on the mound and 
in the mud pit area were half that on undisturbed soils. 
Organic matter incorporated into arid soils, and espe
cially soils low in microbial activity, such as would be 
expected on the mound, will serve to bind nitrogen in 
forms unavailable to plants (Bradshaw and Chadwick 
1980). Consequently, the application of a nitrogen fer
tilizer is generally recommended when carbon:nitrogen 
ratios exceed 20:1 (Smith et al. 1987). Carbon:nitro
gen ratios on the seedbed ranged from 7:1 to 14:1. 
However, because of the excessive amount of wood fi
ber applied to the area prior to seedbed preparation and 
the amount of straw mulch to be applied after seeding, 
a slow-release nitrogen fertilizer (sulphur-coated urea) 
was broadcast over the reclamation areas at a rate of 
34 kg nitrogen per hectare before seeding. 

3.2.2 Seeding 

Seeding began November 14 and was completed 
November 16, 1988, under cool, rainy conditions. 
Seeding consisted flrst of broadcasting seeds of 
Chrysothamnus spp. and Artemisia tridenttua at the 
rate specified in Table 5. Grass seed was then drilled 
into the seedbed using a Truax drill calibrated to deliv
er seed at the rate specified in Table 6. Each grass spe
cies was drilled into alternate drill furrows by loading 
each species into a separate seed-hopper. Soil openers 
were spaced at 30 em. Specifications for seed are list
ed in Table 6. 

Shrub seeds were broadcast rather than drilled be
cause a) shrub seeds are too light and fuzzy to pass 
through the seed meter on the drill in a constant fash
ion and b) the seedling shrubs would find the areas be
tween grass rows free from competition from grasses 
for several years. Bottlebrush squirreltail was chosen 
over needle-and-thread grass as a companion species 

Table4. Soil Parameters at Three Locations Within the ESF at Completion of Demolition 

p K N Qraanic CEC Sand Sih Cay 
l..ocatiat Ph ~ ~ (%) C(%) (meq/100&) (%) J!L _M_ 
ESFPad Ts 8 234 0.02 o:i4 6.3 54.7 39.9 5.4 
ESF Mud Pit Area 8.2 5 191 0.01 0.12 13 60.2 34.5 5.3 
ESFMound 8.2 6 187 O.ot 0.14 10.7 57.9 36.5 5.7 
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TableS. Seeding Mixtures and Specifications for ESF and Boreholes RRL-2B and C 

Spec:ics to be Seeded Rate (kgJba) Depth of Seeding (an) 

0.6 - 1.25 

0.6 - 1.25 

broadcast 
bmadcast 

tx-o.dcast 

Poa sandbergii 
Sitanion hystrix 
Artemisia tridentata tridentata 
Chrysothamnus nauseosus 
Chrysothamnus viscidiflorus 

4.5 (PLS 

2.2(PLS) 

0.28 
0.14 

0.14 

to Sandberg bluegrass because bottlebrush squirreltail 
was present in four of five plots surveyed in the sur
rounding habitat. whereas needle-and-thread was 
found in only one plot Also. bottlebrush squirreltail 
may be one of the more effective native competitors 
with cheatgrass (Hironaka and Tisdale 1963). Seeding 
rates were based on information provided in Wasser 
and Shoemaker (1982). Seeding rates for Sandberg 
bluegrass and bottlebrush squirreltail were set relative
ly high to provide sufficient plants to compete effec
tively against both cheatgrass and the shrub species. 
Seeding depths were based on information in Fulbright 
etal. (1982) and Wasser and Shoemaker (1982). 

3.2.3 Mulching 

Mulches are commonly applied to soils to increase 
water retention and to decrease susceptibility to ero
sion (e.g .• Scholl and Pase 1984). Organic mulches 
have the added benefit of stimulating mycorrhizal 
growth (Whitford 1988). Mycorrhizae are essential to 
the growth of many native plants in arid regions. buf
fering the plant against water and nutrient stress (Allen 
and Allen 1980). 

Following the drilling of seed. a mulch of certified 
weed-free straw was to be blown over the seedbed at 
a rate of 4500 kg/ha (2 tons/acre). which is the rate 
specified by the Washington State Department of 
Transportation. The use of certified weed-free straw 
limits the introduction of weeds to the seedbed that 
would otherwise lower revegetation success (Evans et 
al. 1970). The mulch was crimped into the seedbed 
using a Finn Krimper. Mulching began November 16 
and was completed by November 18. 1988. 

The actual rate of application based on a compari
son of the amount of straw used to the amount of land 
mulched was 9000 kg/ha (4 tons/acre). One effect of 
the excess mulch will be to further bias the carbon:ni
trogen ratio. thus limiting the amount of nitrogen 
available to the growing plants. Also, the mulch may 
be too thick to allow the Sandberg bluegrass to 
emerge. Seeds of this species planted at depths of 
3 em or greater generally fail to emerge (Evans et al. 
1977). Because the amount of mulch actually spread 
was not known until work was completed, it was not 
possible to rectify the situation without seriously 
damaging the seedbed. 

Table6. Specifications for Seed Used on the ESF and Boreholes RRL-2B and C 

Percent 

~ies to be Seeded Ori~in ~State2 Pure Seed Weed Inert Geun 
Poa sandbergii Mf 96.44 0.19 3.al 95.00 
Sitanion hystrix ur 72.98 Q.3() 26.47 75.00 
Artemisia tridentata tridentata ur 14.86 0.00 85.14 79.00 
Chrysothamnus nauseosus ur 12.00 0.05 87.65 79.00 

Chrysothamnus viscidijlorus ur 28.09 0.00 71.91 85.00 

19 



3.2.4 Planting 

Fifteen-em tubeling spiny hopsage were planted on 
the ESF between March 8 and 15, 1989. The use of 
tubeling stock rather than attempting to establish plants 
from seed was based on the observation that no young 
hopsage plants have been identified anywhere on the 
Hanford Site, either in the extensive surveys per
formed for the BWIP borehole reclamation effort, nor 
anywhere else in at least the past 30 years. The use of 
tubeling stock has proved much more successful than 
the seeding of shrubs on other sites (Cook 1988). 
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Schematic Diagram of Hopsage 
Clump Densities Planted at the ESF 
(numbers refer to number of clumps to 
be planted per -17 m/side squares.) 
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Plants were set in the ground in a clumped configu
ration with each plant set in a depression at least 
2.5 em below grade. The depressions have a radius of 
approximately 17 em. Clumps consist of three tube
lings in a triangular configuration with approximately 
35 em between plants. Clumped plants have higher 
survival and growth rates than plants set out in a more 
even pattern (MacMahon 1988) because of microcli
matic changes and water harvesting by snow drifting 
caused by the clumped plants. Two liters of water 
were applied by hand to each tubeling at the time of 
planting to minimize planting shock. 

Hopsage clumps were randomly distributed over the 
site at an average density of 89 clumps/ha. Shrub den
sity was detennined by calculating the existing number 
of shrubs per acre in the surrounding habitat and ad
ding 30% to compensate for the tubeling mortality ex
pected within the first year. Clump distribution 
patterns were derived by generating a sampling 
distribution from a Poisson population with a mean of 
89 clumps/ha. The resulting numbers were transferred 
to rough scale maps of the revegetation sites. The 
product was a map of clump numbers to be planted in 
each 55- by 55-ft square of the ESF and another map of 
clump number to be planted in each 50- by 50-ft square 
of boreholes RRL-2B and C (Figures 12 and 13). 

0 3 1 1 2 1 1 1 3 
1 2 0 2 0 3 0 0 0 
2 0 1 0 1 2 2 0 0 
0 0 1 1 2 2 0 1 1 
2 1 0 1 0 0 4 0 3 
0 2 1 1 2 0 0 0 1 
0 1 2 0 1 1 1 0 0 
1 0 2 1 1 0 3 2 2 
1 1 1 0 4 0 0 0 1 

Anny Loop Road 

0 
1lJ u 1 3 0 

0 0 0 3 0 2 1 
0 0 1 0 2 
1 1 1 0 0 
3 0 0 1 2 
1 0 1 2 0 
0 0 I 1 1 0 2 1 0 
2 2 3 0 1 1 2 0 1 
1 0 0 0 3 0 1 1 1 

Figure 13. Schematic Diagram of Hopsage Clump 
Densities Planted at the Boreholes RRL-
2B and C (numbers refer to number of 
clumps to be planted per-15m/side 
squares.) 



3.2.5 Irrigation 

The ESF was irrigated using hand-moved sprinklers during March to June of 1989. Irrigation was done at the 
end of each month sufficient to make the cumulative precipitation on the site reach 2.5 em per month. This low 
amount of added moisture was chosen to provide sufficient moisture to aid in grass establishment but not enough to 
encourage the growth of unwanted species or to overstimulate growth of the seeded species. 
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4.0 RECLAMATION SUCCESS 

The progress of the reclamation program at the ESF and associated boreholes RRL-2B and C was tracked by pe
riodic checks as construction and revegetation advanced A quantitative examination of the germination and growth 
of plants on the seeded areas was conducted in the spring of 1989 before the summer dormancy period of the native 
grasses. The data derived from this examination were examined and compared to data obtained from quantitative 
surveys of four control plots established around the perimeter of the ESF. 

4.1 DEMOUTION 

At completion of demolition, all man-made mate
rials had been removed from above the original 
ground surface. A small portion of the pad at bore
hole RRL-2C was retained to provide monitoring ac
cess to the well head. The mound over the drill rig 
foundation and shaft collar was made up of materials 
(rock, gravel, and sand) salvaged from the removal of 
the top course at the ESF. This material is low in nu
trients and organic matter, and consequently has poor 
water retention characteristics. A second small 
mound was left over another piece of concrete foun
dation unexpectedly encountered in the southeast 
quarter of the ESF. Otherwise, the seedbed consisted 
primarily of native soils. An aerial photograph of the 
reclamation site taken on December 14, 1988, is re
produced in Figure 14. 

4.2 VEGETATION 

To track the development of vegetation in the tar
get habitats, data on percent cover and plant density 
were obtained from the four control plots located 
around the ESF in May and June of 1988. Stakes 
marking the plot located near borehole RRL-2B in 
May 1988 were inadvertently removed during con
struction site clean-up, thereby preventing further mo
nitoring at that plot (see Section 2.2.2). The RRL-2B 
plot was the only one of the original five in which 
hopsage occurred Vegetative cover and density in 
the control plots were assessed using the same meth
ods described previously. Plant cover was measured 
on April6 and again on June 12, 1989 (Table 7), as 
were species tallies (Table 8). Shrub density was 
measured on June 12 (Table 9). Unsummarized data 
are presented in Appendix B. 

Native grasses composed relatively little of the 
ground cover in the undisturbed habitat Bottlebrush 
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squirreltail was the most common native grass in the 
habitat, although it contributed relatively little of the 
ground cover. Indian ricegrass and Sandberg blue
grass were relatively more scarce. Needle-and-thread 
grass did not occur in the plots. The most common 
shrubs on the plots were big sagebrush and green rab
bitbrush, though the average density of grey rabbit
brush across the four plots was very much greater 
than the other two species. Native forbs constituted a 
small portion of the total ground cover, but occurred 
throughout the habitat. Forbs found on the plots in
cluded hoary aster (Machaeranthera canescens), 
winged cryptantha (Cryptantha pterocarya), broom 
buckwheat (Eriogonum vimineum), white-stemmed 
globe-mallow (Sphaeralcea munroana), turpentine 
cymopterus (Cymopterus terebinthinus), and yellow 
salsify (Tragopogon dubius). 

Table7. Percent Cover for Plants in ESF Control 
Plots (N=4) in April and June 1989 

Percent Cover 
Date S~cies Mean Std.Dev. 

April Ambrosia acanthicarpa 0.25 o.so 
Artemisia tridentata 6.50 4.70 

Bromus tectorum 'n.50 8.10 
Chrysothamnus nauseosus 7.00 8.10 
Chrysothamnus viscidijloru.s 0.25 0.50 
Cryptantha pterocarya 1.50 3.00 
Cymopterus terebinthinus 1.25 2SO 
Drabaverna 0.25 o.so 

June Artemisia tridentata 7.00 4.1Kl 
Bromus tectorum 43.50 16.SO 
Chrysothamnus nauseosus 6.75 7.90 

Chrysothamnus viscidijloru.s 0.25 o.so 
Cymopterus terebinthinus 1.25 8.1() 

Oryzopsis hymenoides 0.25 o.so 
Sitanion hystrix 0.50 1.00 



~ 

Figure 14. Aerial Photograph of the ESF and Associated Boreholes at Completion of Deconstruction, December 
1988 



Table 8. Species Occurring in ESF Control Plots 
(N=4) in April and June 1989 

Percent of Plots 

~ies Where Present 

Ambrosia acanthicarpa 2S 

Artemisia tridentata 75 

Bromus tectorum 100 

Chrysothamnus nauseosus so 
Chrysothamnus viscidiflorus 75 

Cryptantha ptereocarya 2S 

Cymopterus terebinthinus 75 

Drabaverna 25 

Eriogonum vimineum so 
Machaeranthera canescens 50 

Oryzopsis hymenoides 2S 
Poa sandbergii 2S 

Salsola kali 2S 

Sitanion hystrix 75 

Sphaeralcea munroana 2S 

The primary alien species in the control plots was 
cheatgrass, which occurred in all plots. This annual 
grass grew rapidly between April and June, going from 
nearly 28% to nearly 50% of the ground cover in that 
time period. Other annuals present in the control plots 
were bur ragweed (Ambrosia acanthicarpa),Russian 
thistle (Sa/sola kalt), and spring whitlow-grass (Dra
ba verna). All are non-native species. Whitlow-grass 
is a small member of the mustard family (Cruciferae) 
seldom reaching more than 5 em in height. It consti
tutes only a small fraction of undisturbed plant com
munity at the ESF. Native to Eurasia, spring whitlow
grass flowers in May on the Hanford Site. Cheatgrass 
flowers in April and sets seed in May and June. Rag
weed and Russian thistle set seed later in the summer. 

Table 9. Density of Shrubs Occurring in ESF Con
trol Plots (N=4), June 12, 1989 

Species 

Artemisia tridentata 
Chrysothamnus nauseosus 
Chrysothamnus viscidiflorus 

Count per 0.01 ha 
Mean Std.Dev. 

13.0 10.1 

77.8 

3.5 

1Hi3 

4.5 
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All the alien species in the control plots are early 
succession colonizers expected to invade the revegetat
ed area at some time. Because of their late seed-set, 
ragweed and Russian thistle are likely to be present be
fore the other invasive species and in greater number 
during the first year. Because of the large amount of 
cheatgrass in the surrounding habitat, however, cheat
grass is expected to replace the other annuals on there
vegetated site within several years. 

Vegetative growth on the revegetated areas was 
measured on March 30, 1989, by a stratified random 
sampling of 60 plot frames (0.25 m2) located within 
six major strata. Substrata were distributed evenly 
over each major stratum, with one plot located ran
domly within each substratum such that 8 plots were 
sampled on the ESF access road, 6 on the ESF mound, 
28 on the main ESF pad, 4 on the RRL-2B overflow 
pond area and its access road, 7 on the RRL-2B pad 
area, and 7 on the RRL-2C pad area. All plants grow
ing within the plot frames were counted by species by 
the number of leaves present Average height of each 
species was recorded. Because the plants were im
mature, it was seldom possible to identify grasses or 
forbs to species, so most observations were lumped as 
Poa/Sitanion or Forb. Spatial comparisons of grass 
development at the ESF and related boreholes are pre
sented in Figures 15, 16, and 17; data summaries are 
presented in Appendix C. 

Differences among strata on the basis of grass den
sity were statistically significant (square-root-trans
formed data: F5,54 = 3.785, p = 0.0052); strata 
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Plots on the ESF and Associated Boreholes 
in March 1989 

showed no statistically significant differences in plant 
height or number of leaves per plant due in part to the 
large variation in the data. The density of native grass
es on the overflow pond area was greater on average 
than in any of the other strata (Figure 16), though vari
ability within the stratum was extensive. Grass on the 
mound was shorter than grass elsewhere, though the 
difference was not statistically significant. 

The overflow pond area differed in treatment from 
the other sites only in that seed was drilled in along an 
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Figure 17. Average Number of Leaves of Sandberg 
Bluegrass and Bottlebrush Squirreltail 
(Combined) in 0.25-m2 Plots on the ESF 
and Associated Boreholes in March 1989 
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east-west axis, whereas the remaining strata were 
drilled on a north-south axis. Differences in plant 
growth cannot be unambiguously attributed to treat
ment differences, however, since the overflow area 
differed from the other strata on other bases as well. 
For example, the overflow area had a much larger 
edge-to-size ratio than the other strata. A large ratio 
would buffer the seedlings from winds, thereby pro
tecting them from soil erosion and wind chill. Differ
ences in soil may also have been present the over
flow area was never covered over with a gravel pad, 
and had some vegetative growth at the start of restora
tion. Thus the soil on the overflow area could be ex
pected to have a higher proportion of naturally occur
ring soil microorganisms which would enhance nutri
ent cycling (Whitford 1988). 

The ESF mound had no fewer plants than other ar
eas and showed no greater spatial variability in plant 
density than in other areas, indicating no significant 
effects of soil type on emergence. Plants on the 
mound were smaller in stature than elsewhere, though 
there were no differences in leaf number. Plants on 
the mound would experience more severe winds than 
plants growing in the lowlands. Repeated exposure to 
high winds can cause temporary or even pennanent 
dwarfing in many plants. Soils with large proportions 
of sand and gravel also have lower water-holding 
capacity than soils made up of fmer particles or with a 
good fraction of organic material (Bradshaw and 
Chadwick 1980). 

Seeded shrubs were too immature in March to al
low differentiation between seeded shrubs and volun
teer dicot herbs, consequently, no information on 
growth of big sage or either of the rabbitbrushes can 
be provided in this report. Survival of spiny hopsage 
tubelings was determined by walking eight east-west 
transects across the ESF area, noting the number of 
planted shrubs along the transect and indicating which 
appeared alive and which did not. Transects were 
surveyed on July 13, 1989. Overall, apparent hopsage 
mortality during the ftrSt 4 months on the site aver
aged 51.5%. Mortality was higher in the center of the 
ESF than at the edges (Figure 18), though the differ
ence was not statistically significant (F2 18 = 2.341, 
p = 0.12). There also was no difference 'in mortality 
between north and south sections of the site (F 1 18 = 
0.642, p = 0.43). Most of the apparent shrub mortali
ty was due to depredation by black-tailed jackrabbits 
(Lepus californicus); it remains to be seen whether or 
not the plants that have been grazed have sufficient 
nutrient reserves to regenerate. 
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5.0 CONCLUSION AND ASSESSMENT OF SUCCESS 

Revegetation of the ESF and its associated boreholes 
RRL-2B and Cis in its early stages. Work is com
pleted, but insufficient time has elapsed to allow 
meaningful detennination of the success of that work. 
Seeded vegetation has yet to complete a full growth 

year. All species of grasses that were seeded are 
cold-season grasses, that is, they are photosyntheti
cally active during the colder, wetter months between 
late October and early May. During the remainder of 
the year they are donnant, with little evidence of pho
tosynthetic activity. To remain viable, plants must 
stockpile sufficient stores of nutrients, water, and en
ergy during the growing season to carry them through 
the rest of the year. Consequently, the dry, hot sum
mer months constitute the most rigorous period in the 
early life of these plants. An assessment of plant 
mortality at the beginning of the second growing sea
son will provide a much better indication of the suc
cess of the revegetation effort than that currently 
available. 

That caveat aside, some general conclusions and 
predictions may be made regarding the course of suc
cession at the ESF. As of March 1989, cover by seed
ed grasses was consistent with the reclamation objec
tive. Emergence was spotty, with many plots show
ing no grasses at all. Growth of grasses on the mound 
was poorer than elsewhere, though emergence rates 
were no different. An extremely low temperature arc
tic air mass entered the Pasco Basin in February, with 
temperatures below -25CC. Most of the grasses 
showed frost burns from this low-temperature event. 
Damage appeared sufficiently severe that many plants 
deemed alive at the end of March were unlikely to 
survive another month. Whether or not sufficient 
grasses survive cannot be assessed until the fall1989 
growth period. 

No data are available to estimate the success of 
seeding of shrubs. By July 1989, young plants of 
grey rabbitbrush were noted on the pad area, and 
young big sagebrush were found on the access road. 
The actual density of plants will not be assessed until 
fall1989. Mortality of hopsage was greater than that 
anticipated in the design phase. However, hopsage is 
such a small portion of the native community that the 
number of plants still alive in March were consistent 
with the reclamation objective. Depredation by 
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jackrabbits can be expected to deplete the numbers of 
shrubs growing on the site over the next several years. 
Depredation control measures, such as the use of 
wire cages over young shrubs, may be warranted. 
The need for such treaunent will become evident 
within the first year of growth. Further monitoring of 
the site will be needed before conclusions can be 
made regarding attaining the reclamation objective or 
the need for remedial action. 

By July 1989, the site supported a large number of 
alien forbs, including Russian thistle, ragweed, and 
tumble mustard. This colonization was not unexpect
ed. Extensive data have been gathered on plant suc
cession at coal mine reclamation sites in semiarid re
gions of Montana and Wyoming by DePuit and Re
dente (1988). Their results indicate three distinct 
phases in succession at revegetation sites. First, the 
site is heavily invaded by alien annual forbs such as 
Russian thistle, tumble mustard, and ragweed. On 
sites with sufficient nutrients available in the soil, this 
colonization peaks within the first several years at 
something on the order of 50% to 60% alien annuals. 
Within 6 years, the number of alien annual forbs de
clines to very low levels (Figure 19). Second, seeded 
grasses increase in numbers to compose up to 40% of 
species after 3 to 4 years. Cheatgrass can also be ex
pected to show a similar increase, at least at the ESF. 
Third, planted shrubs begin to increase in numbers 
after 4 to 5 years but remain at intennediate levels 
thereafter. Native forbs, such as Carey's balsamroot, 
invade the area within the same period but never 
reach significant proportions. 

Cheatgrass remains the primary potential spoiler at 
the ESF. In tenns of the reclamation goal set for the 
site, the presence of cheatgrass would not be inappro
priate; however, dense stands of cheatgrass will im
pede the development of shrub cover. This may be 
especially likely for the mound area. Although no 
one of the problems encountered during revegetation 
(excessive wood fiber,late seeding, excessive mulch, 
cold) may individually have affected success, the cu
mulative effect may become significant Without 
careful management, the mound area may revert to a 
pure stand either of cheatgraSs, or of shrubs (see 
Figure 11). Whether or not such an event will occur 
may not become evident for several more growing 
seasons. 
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APPENDIX A 

DATA ON UNDISTURBED HABITATS AT THE EXPLORATORY SHAFT 
FACILITY BETWEEN MAY 11 AND JUNE 21, 1988 

Thefollowing is a summary of the field data collected between May II and June 21, 1988, from 
undisturbed habitat surrounding the Exploratory Shaft Facility. 

Transect Data - Percent Cover 

Location SanwieDrue Species %Cover 

ESF#I 5/11/88 Bromus tectorum 36 
Chrysothamnus nauseosus 13 

6121/88 Bromus tectorum 34 
Poa sandbergii I 
Stipa comata I 
Chrysothamnus nauseosus 13 
Cryptanlha circumcissa 10 

ESF#2 5/11/88 Bromus tectorum 63 
Poa sandbergii I 
Artemisia tridentilta 3 

6121/88 Bromus tectorum 64 
Artemisia tridentilta 8 

ESF#3 5/11/88 Bromus tectorum 34 
Artemisia tridentata 13 

6121/88 Bromus tectorum 32 
Artemisia tridentata 23 
Cymopterus terebinthinus 3 
Sphaeralcea munroana I 

ESF#4 6121/88 Bromus tectorum 48 
Artemisia tridentilta 13 
Chrysothamnus nauseosus 10 
Chrysotlramnus viscidiflorus 5 

RRL-2B 5/13/88 Bromus tectorum 26 
Artemisia tridentata 4 
Chrysothamnus nauseosus 7 

A.l 



PJot Data - Shrub Density 

Location Sample Date Species #perO.O! ha 

ESF#1 5/11!88 Chrysothamnus nauseosus 83 
Chrysothamnus viscidiflorus 5 

6/21!88 Chrysothamnus nauseosus 74 
Chrysothamnus viscidiflorus 2 

ESF#2 5/11!88 Artemisia tridentata 23 
6/21/88 Artemisia tridentata 20 

ESF#3 5/11/88 Artemisia tridentata 21 
6/21/88 Artemisia tridentata 22 

ESF#4 6/21/88 Artemisia tridentata 10 
Chrysothamnus nauseosus 297 
Chrysothamnus viscidiflorus 10 

RRL-2B 5/13/88 Artemisia tridentata 6 
Atriplex spinosa 1 
Chrysothamnus nauseosus 48 

A.2 
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APPENDIX B 

DATA ON UNDISTURBED HABITATS AT THE EXPLORATORY SHAFT 
FACILITY ON APRIL 6 AND JUNE 12, 1989 

The following is a summary of the field data collected on april6 and June 12, 1989, from 
undisturbed habitat surrounding the Exploratory Shaft Facility. 

Transect Data - Percent Coyer 

Location Sarrulle Date Species %Cover 

ESF#l 4/6189 Bromus tectorum 25 
Chrysothamnus nauseosus 15 
Cryptantha pterocarya 6 
Ambrosia acanthicarpa 1 

6/12/89 Bromus tectorum 37 
Oryzopsis hymenoides I 
Chrysothamnus nauseosus 12 
Cynwpterus terebintlu"nus 18 

ESF#2 4/6/89 Bromus tectorum 39 
Drabaverna 1 
Artemisia tridentata 8 

6/12/89 Bromus tectorwn 66 
Artemisia tridentata 11 

ESF#3 4/6/89 Bromus tectorum 20 
Artemisia tridentara 7 
Cymopterus terebintfu"nus 5 

6/12/89 Bromus tectorwn 27 
Artemisia tridentata 8 
Cynwpterus terebinthinus 11 
Sitanion hystrix I 

ESF#4 4/6/89 Bromus tectorum 26 
Artemisia tridentara 11 
Chrysothamnus nauseosus 13 
Chrysothamnus viscidiflorus 1 

6/12/89 Bromus tectorum 44 
Artemisia tridentata 9 
Chrysothamnus nauseosus 15 
Chrysothamnus viscidiflorus I 

B.! 



Plot Data - Shrub Densjty 

Location 

ESF#1 

ESF#2 

ESF#3 
ESF#4 

Sample Date 

6/12/89 

6/12/89 

6/12/89 
6/12/89 

Species 

Chrysothamnus nauseosus 
Chrysothamnus viscidijlorus 
Artemisia tridentata 
Chrysothamnus visddiflorus 
Artemisia tridentata 
Artemisia tridentata 
Chrysothamnus nauseosus 
Chrysothamnus viscidiflorus 

B.2 

# perO.Ol ha 

65 
3 

20 
1 

22 
10 

246 
10 
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APPENDIX C 

SUMMARY OF GROWTH PARAMETERS OF GRASSES SEEDED ON THE 
EXPLORATORY SHAFT FACILITY IN MARCH 1989 

The following is a summary of the field data collected in March 1989 from the revegetated 
Exploratory Shaft Facility and Boreholes RRL-2B and C. These data reflect growth parameters of 
seeded grasses. 

faram~r Location l:ruml M= Std, Ds;v, Std, E,rrQr 

Plant Density per 0.25 m2 

Access Road 8 38.I 31.4 I I. I 

ESFPad 28 30.9 29.8 5.6 

ESFMound 6 62.3 22.3 9.I 

Overflow Pond 4 I39.2 I31.3 65.7 

RRL-2B 7 57.9 31.0 Il.7 

RRL-2C 7 27.I 32.6 I2.3 
Plant Height (em) 

Access Road 8 2.3 0.37 O.I3 

ESFPad 28 2.I 0.9I O.I7 

ESFMound 6 1.4 0.38 O.I5 

Overflow Pond 4 2.5 0.9I 0.46 

RRL-2B 7 2.0 0.4I O.I5 

RRL-2C 7 1.9 O.I9 0.07 
Leaf Number Per Plant 

Access Road 8 1.9 0.40 O.I4 
ESF Pad 28 1.5 0.49 0.09 
ESFMound 6 1.5 O.I8 0.07 
Overflow Pond 4 1.6 0.05 0.02 
RRL-2B 7 1.4 O.I2 0.05 
RRL-2C 7 1.6 0.26 O.IO 

C.! 
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