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EXECUTIVE SUMMARY

The Westinghouse Hanford Company and Pacific Northwest Laboratory are
jointly developing protective barriers for the Tong-term isolation of Tow-
level radioactive and hazardous waste for the U.S. Department of Energy at
arid sites. The present conceptual design of the arid sites protective
barrier is a multilayer, earthen structure that will minimize water
infiltration into and through the underlying waste, and will limit intrusion
into the waste by plant roots, animals, and humans. Water infiltration will
be minimized by using a layering structure of fine soil over sand. The
textural break between these two Tayers will allow the water to be held in the
upper Tayer until it can be recycled to the atmosphere through the processes
of evaporation and plant transpiration.

Plants perform several crucial functions in the protective barrier.
Through transpiration, plants are capable of removing, from a given volume of
soil, considerably more moisture than evaporation alone. This becomes
especially impor ant during times of increased precipitation when the
possibility of infiltration though the textural break and leaching of the
waste is increased. Plants also significantly reduce the amount of wind and
water erosion expected to occur on the barrier surface. In addition, the
local plant community will greatly influence the species of animals that could
inhabit the protective barrier; the burrowing activities of some species could
have a serious influence on the infiltration and erosional characteristics of
a protective barrier.

Different plant species and different plant community types will affect
the moisture retention and erosional characteristics of a protective barrier
in diverse ways. For instance, a sagebrush-bunchgrass community uses
significantly more soil water than a cheatgrass community. Additionally, the
plant community present on a protective barrier will change over time because
of the natural processes of disturbance and succession and in response to
climatic changes. The ability to predict what types of plant communities will
be present in the future, the length and proportion of time a particular
community remains in a climax state, and how these different communities and
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successional stages will effect the performance of the protective barrier is
necessary for proper and defensible barrier design decisions.

The work described in this test plan is directed at making these
predictions. The first task is to identify native communities that are
analogous to possible future climatic states. The second task is to
characterize these climax communities, as well as successional stages of these
communities, in :rms of species composition, plant density, and overall
spatial patterns. Once completed, sites will be selected that correspond to
bounding states of possible future conditions. These sites will be
intensively studied in terms of community level evapotranspiration, and
smaller scale patterns of evapotranspiration and soil moisture within each of
these communities. Finally, the process of succession will be analyzed and
modeled using a Markov chain approach. This modelling approach will allow for
the determination of the proportion of time a community spends in various
successional stages as well as in the climax condition. This point is
important because the evapotranspiration potential of a successional state may
be significantly different from that of a climax stand, thus infiltration may
be most 1likely to occur during the period following disturbances that result
in early successional communities.

The result of these studies will be an understanding of what types of
communities will be present on a protective barrier in the future, how these
communities will affect the protective barrier, and the lengths of time that
tt  communit- ; will be in various climax and successional states. This
information then can be used by other protective barrier development tasks
such as the mode ling of soil water movement and erosion. This information
can be readily incorporated into changes in the specifications and design of
the protective barrier.
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1.1 PLANT COMMUNITY DYNAMICS

Plant community dynamics refers simply to changes in a plant community
over time; this change may be attributed to the abundance of various species,
the introduction and local extinction of species, the overall physiognomy of
the community, or a combination of these factors. The subject area of plant
community dynamics can be divided into two inter-related types of community
change that are differentiated by the root cause and the temporal time scale
of the change. Short-term changes of relatively small areal extent in
response to a disturbance is termed succession. The second type of change is

mng-term, regionwide dynamics in a community structure that occurs in
response to climatic changes. Succession can be thought of as occurring on an i
ecological time scale and can normally be documented within the life span of a
sir e observer. Climatically driven community change occur on a much longer
time scale and typically would not be particularly noticeable or documented
within a typical human lifetime. These types of community change are
important to the design of a protective barrier because of the relationship
between the plant community and the potential for root intrusion into the
buried waste, the amount and pattern of soil moisture removal from the system,
and the amount of erosion protection supplied by the vegetation. The
evapotranspiration characteristics, the erosion protection, and the
probability of root intrusion into the buried waste will change simultaneously
with the plant community on the protective barrier surface.

1.1.1 Present-Day Climax Vegetation

The climax vegetation community for an area is an assemblage of species
that is self perpetuating, and shows very little change from year to year in
species composition, stand biomass, and overall physiognomy (Ricklefs 1979).
In other words, the climax community is one that is in dynamic equilibrium
with its environment. The Hanford Site is identified as a case study or
example of an arid environment. The Hanford Site occupies the center of 1 at
Daubenmire (1970) has described as the Artemisia tridentata-Agropyron spicatum
vegetation zone. This is a large vegetation zone, which occurs in the drier
central portion of the Columbia Basin (Figure 1-1). The vegetation is
dominated hy big sagebrush and bluebunch wheatgrass, with a lai 2 number of
associate minor species. The Arid Sites itself has been diviaed into several
sub-types of this general vegetation zone (Cline et al. 1975). These sub-
types are the following:

e The sagebrush/wheatgrass/bluegrass type that occurs primarily on
Rattlesnake Mountain and the Arid Lands Ecology (ALE) reserve

The sagebrush/bitterbrush/bluegrass type that occurs along the
Columbia River from the 300 Area to about the 100-F Area

o The sagebrush/cheatgrass/bluegrass type that occurs between these
other two, and especially on the 200 Areas' plateau north to the
Columbia River (Figure 1-2).

1-2
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Figure -1. Major Central and Eastern Washington Vegetation
Zones (from Daubenmire 1970).
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Figure 1-2. Major Arid Sites Climax Vegetation Zones
(from Cline et al. 1975).
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Several other minor zones, characterized by greasewood, hopsage, winterfat, or
buckwhe¢ ., also have been described (Rogers and Rickard 1977). These

dift -ent climax associations within the larger sagebrush - bluebunch
wheatgrass vegetation zone primarily result from microclimatic and edaphic
differences (Daubenmire 1970, Franklin and Dyrness 1973).

1.1.2 Succession
A useful definition of succession may be taken from Horn (1974):

Succession is a pattern of changes in specific
composition of a community after a radical disturbance
or after the opening of a new patch in the physical

¢ rironment for the colonization by plants and
animals.

Ecologists recognize two general types of succession. Primary succession is
the velopment of a community from some type of lifeless : »Jstrate to a
mature community. Common examples of this is the development of plant
communities on glacial moraines or newly deposited lava flows. This process
often requires a considerable length of time because soil formation also is
needed. More commonly occurring, and of much greater importance to the Arid
Sites protective barrier program is secondary succession. This type of
succession occurs when a community is subject to some type of disturbance
(such as fire, overgrazing, or agricultural activities) that eliminates some
or ¢ | of the dominant vegetation. The pattern and process of community
recovery following a disturbance is secondary succession. The recovery
typica ly involves a temporal sequence of communities or associations start g
with a community dominated by weedy annuals and culminating with the climax

w ity 1at is normally dominated by perennial species. Several factors
can influence the rate and pattern of succession including the type, se' -ity
and duration of disturbance, the availability of propagules of different
colonizing species, and the overall climatic conditions.

Several types of disturbance should be considered in protective barrier
design, including fire, grazing, agricultural activities (especially repeated
plowing) and small scale construction activities. These disturbances can have
either a major affect on all aspects of community structure, or they can be
minor, affecting only one or two understory species. Fire is an important
type of disturbance in steppe regions such as the Columbia Basin. Big
sagebrush is especially susceptible to fire because it is unable to resprout
after burning (Daubenmire 1975). The other important shrub species of the
Columbia Bas 1 and the bunchgrasses that are capable of resprouting after
fire, so burning functions as only a temporary set back to - ese species
(Franklin and Dyrness 1973). Recolonization by sagebrush can be slow, because
the process is a function of both the distance from propagule sources and the
occurrence of favorable physical and climatic conditions for seedling
development. Favorable conditions include the presence of safe sites for
germination and -owth, and adequate precipitation for seedling survival.
Grazing has somewhat of an opposite affect as fire. Bluebunch wheatgrass and
most of the other native perennial bunchgrasses are very sensitive to grazing,

1-5
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possible future analog climatic states is provided, including the
determination of the location of natural analog communities fitting the
different ¢ imatic scenarios. Section 3.0 describes the methods that will be
used in the description and characterization of these analna state climax
communities, and various successional stages of these poss e future climax
communities. These characterizations will be used as a basic starting point
for the work described in Sections 4.0 and 5.0. The determination of surface
and below ground processes is described in Section 4.0, tasks in this section
include determinations of soil characteristics, rooting distributions, and
commun‘ s scale evapotranspirational characteristics. The procedure for

mode ling com Inity change and development is described in Section 5.0.
Included are the needed input parameters for this model and the methods that
will be applied to determine the appropriate values of these parameters.

901221.14 )
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2.0 CLIMATIC STATES AND THE CHOICE OF ANALOG SITES

2. P IPOSE

The Tong-1 -'m climate change task (Adams and Wing 1986) will generate
seven climatic scenarios that are expected to include two Global ( imate Model
(GC  projections and five paleoclimatic extremes. The past scenarios will be
accompanied by reconstructions of plant communities, some of which have modern
¢ 1logs. Thus the long-term climate change task will provide the criteria for
both climatic conditions and plant community composition that will be used to
select vegetation analog sites. This subtask uses those criteria to select
modern vegetation analogs, which will be studied intensively to determine the
effects of different plant communities on soil water balance, rooting
distributions, and burrowing animal populations, all of which are important to
the performance of protective barriers.

2.2 1| THODS

Two approaches will be used to select spatial analogs of possible future
vegetation communities. In the greatest possible detail, the climatic change
studies will identify the vegetation communities and climatic patterns for
fiyv  past periods. Future climate scenarios based on GCMs, no vegetation
community ¢ .a will be available.- For past scenarios that include vegetation
communities with known modern analog coi iInities, analog sites will be chosen
using maps of modern steppe vegetation types in the northwest (as in
Daubenmire 1970). An effort will be made to select analog sites with climates
most closely approximating those that have been reconstructed by paleoclimaf
tasks. For all other climate scenarios, location will be sought that have the
same or simi * climate to those that are reconstructed or modeled. Climate
statistics from the U.S. Weather Service wil be used in this endeavor. At

ist four alternative sites will be identified for each climate scenario,
from which study sites can be selected.
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the available equations prove inadequate for the shrubs at a particular
location, new equations wil be derived by harvesting several shrubs,
measuring the biomass and leaf area, and then dete. ..ning t| relationship
between these variables and the measurements of the shrub canopy dimensions.

3-3
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The measurements can be made using a portable gas exchange system that is

current available but would be more useful if the system can be upgraded for

whole 1t measurements. Operating conditions will be standardized for all
« servations and will be conducted at midday.

4.2.5 Meteorological Data

A data logging system will be employed to collect basic meteorological
data ¢ each of the research sites. The datalogger for each site will be
shared with the Ceres devises used for stem diameter measurements. Basic
meteorological data to be collected include precipitation, air temperature,
soil temperature, solar radiation, photosynthetically active radiation, wind
speed, and relative humidity. This information is needed for the estimation
of the amount of evaporation, storage, and drainage that is occurring within
t » soil column.
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These data are - en used to formulate a matrix P =

Future state j (j = 1 - k)

1 2 3 - "
1 P13 P12 P13 -- plk
2 P23 P22 P32 == p2k

present state i 3 P31 P23 P33 -- p
(i =1~ k) B B B B B -
k pkl pk2 pk3 -- pkk

w re k is the total number of states in the community of interest and p,; is
t » probability of moving from present state i to future state j during the
time period of assessment.

Projections of community change over time are derived from measures or
hypotheses regarding initial conditions, such as those subsequent to a
wildfire or severe grazing event. These conditions are summarized as a state
vector in the following manner:

Noe=oy = (Ms Ny N3y eoomy)

where n, is the relative proportion of state i in the starting community
(i.e., at time t = 0).

e ting sl s subsequent state vectors at time t + 1 are derived
from the post-multiplication of N by P:

N.,P =N

(v (t+ 1D

For 1 jular Markov chains, iteration of the matrix multiplication will
eventually produce a stable distribution of N, which is independent of the
initial state vector.

Transition probabilities may be constant over time, or they may be
functions of the values of N, or they may vary with the type of
disturbance. For example, the transition probabilities for Artemisia

5-3
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tridentata - A. tridentata and Chrysothamnus nauseosus - C. nauseosus,
depend on whether mortality is induced by disease and/or predation, or fire:
A. tridentata can be destroyed by fire; C. nauseosus will often resprout after
being burned; especially if the fire is not intense. Such changes in
transition probabilities can be incorporated in nonhomogeneous Mai ov-chain
models (e.g. Acevedo 1981).

5.2.2.4 Sources of Uncertainty and Validation of Predictions. Sources of
L :ertainty for predictions of environmental change or response include model
error, natural stochasticity in space and time, and parameter uncertainty.

F -ameter uncertainty generally takes the form of a statistical distribution,
rather than a biased estimate. Such uncertainty is a consequence of the
protocol used to obtain the basic field data or results from the methc ; used
t estimate the parameter from basic data, such as extrapolation from a
regression estimate. Parameter uncertainty can be quantified at each step
(field data collection and mathematical projections). Model errors can be
assessed in one of two ways: (1) by comparing the performance of models using
different sets of assumptions, and (2) by testing the predictions of a given
m lel against independent field data. Uncertainty in the veracity of
predictions as a consequence of natural stochasticity may be estimated from
historic data, though this analysis introduces its own uncertainty (Suter et
al. 1987).

5.3 METHODS

5.3.1 Selection of Plant Communities

A set of climatic conditions 1ikely to occur in the Pasco Basin over the
next 10,000 yrs will be identified in other tasks. Plant communities
representative of these conditions will be identified and described (see
Section 3.0). Within these representative communities, at least two study
sites will be identified. These will be chosen on the basis of the following
criteria:

e Representatiyv 1ess of the climate/community type

e Representativeness of disturbance regimes to be expected in the
barriers area

e Accessibility to research teams.

Similar data will be collected at both sites within each climate and/or
community type. Data from one site wil be used to define and parameterize
the plant community dynamics models, and data from the other site will e used
to validate the model and serve as a reference point for adjustment, as
needed.

5-4
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5.3.° Definitit of Community States

Discrete community states will be defined on the basis of cover
dominance for each successional (seral) stage within a given climate and/or
community regime. Standard references, such as Franklin and Dyrness (1980)
shall be consulted for definition of seral communities and species dominants
within those communities. Daubenmire (1970) is considered the primary
reference for defining community states within the shrub-steppe province of
Washington State.

Where data for seral communities are lacking, it will be necessary to
generate community type assessments based on plant cover data ( tained at the
analogue site. These assessments will be based on stratified random ield
samples of species cover within standard-sized plots. Determination of
suitable assessment plot size must account for the scale of the plants
involved. Numbers of strata and plots within each strata will be determined
using standard procedures (e.g., Cochran 1977). Resulting cover data will be
subjected to standardized classification procedures (Pielou 1984). Because
r int community composition is strongly affected by soil type, care must be
taken to match plant community seres at analogue study sites with the loessal
si t-loam soi types characteristic of the McGee Ranch area.

Potential community states to be considered should account for growth
form, so that dominant species of forbs, grasses, shrubs, and trees are
identified, where appropriate. Open space will be a state possible in all
climate and community regimes. The primary criteria for inclusion as a
discrete state within a seral stage are cover dominance and ubiquity for each
growth form.

5.3.3 [ relopment of a Digraph

The relevant literature shall be consulted to define a conceptual model
(i.e., digraph) of the possible transitions among states within a climate
sere. Attention should be paid to species replacement patterns, seed
germination requirements, growth form, and Tife history. For example, in the
C Bi in  -ovinc Salsola/ 'i - the dominant species in early
sect r succession, but Bromus tectorum dominates in late succession (Brandt
et al. 1990). Both species are alien annuals, however, Salsola seeds are
disp¢ :ed widely and require only the most ephemeral wetting to germinate
(A1len 1984). Bromus seeds are less readily dispersed and require a litter
cover or disrupted microtopography to germinate (Evans and Young 1972). Once
established, Bromus is resistant to invasion by Salsola. Therefore, the
digraph for this portion of the community would show a transition fri open
space to Salsola to Bromus, but not the reverse.

Once the first-phase conceptual model has been completed, a field
examination at 1 : analogue site shall be instigated to verify the model. The
field examination shall focus on assessing the completeness of the digraph
with regard to definition of community states and verifying the potential
transitions among states. Transitions between states may be verified by
examining the locations where seral dominant plants reach reproductive

5-5
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maturity within the canopy range of other seral dominants. Thus, plant a
germinating beneath the canopy of species b is not sufficient evidence to
indicate the capability of species a to replace species b. Seed set by

species a is required.

5.3.4 Determination of State Mortality Rates

State mortality (or loss) rates will be estimated from data obtained in
the field under the identified disturbance regimes, which for a shrub-steppe
would include fire, grazing, and no disturbance. Field data necessary to
determine mortality rates of shrubs in a sagebrush and rabbitbrush habitat
would thus include estimates for the following variables:

Variable

Nafipnjtion

A
B

Number of dead sagebrush/ha
Number of live sagebrush/ha

Estimated number of years for sagebrush to decay
beyond recognition.

Number of dead green rabbitbrush/ha
Number of live green rabbitbrush/ha

Estimated number of years for green
rabbitbrush to decay beyond recognition.

Number of dead grey rabbitbrush/ha
Number of live grey rabbitbrush/ha

Estimated number of years for grey
1 Obitbrush to decay beyond reci _iition.

Mortality rates for sagebrush (m;), for example, would then be computed

from the relationship:

Bm C=A.

Mortality rates for the other species would be computed by similar
substitution of variables into this equation.

¢ .221.1405

5-6




WHC-EP-0380

5.3.5 Determination of Recruitment to States

Recruitment to or generation of states will be estimated from data
obtained in the field under the identified disturbance regimes Field data
! ;sary to determine recruitment rates of cheatgrass and Sanc erg bluegrass
into sagebrush states would include estimates for the following variables:

Variable Definition

J Recruitment of cheatgrass
beneath sagebrush (No./ha/yr)

K Recruitment of bluegrass
beneath sagebrush (No./ha/yr)

L Recruitment of bluegrass in
cheatgrass stands (No./ha/yr)

M Recruitment of bluegrass in open
areas (No./ha/yr)

N Recruitment of cheatgrass in open
areas (No./ha/yr)

0 Recruitment of cheatgrass in
bluegrass stands (No./ha/yr)

P Area covered by sagebrush canopy

Q Area covered by bluegrass canopy

5.3.6 Markovian Modelling

Transition properties for states will be computed as the product of
state-specific mortality and state specific recruitment rates, with density
a8 | scale variables included where necessary. For example, the following
depicts 1 : transition probability for sagebrush to cheatgrass (P..):

JmS/B=pSC.

Markovian modelling would proceed using transition probabilities
estimated for each state. Probabilities for each state transition will be
compar | across disturbance conditions to determine whether probabilities are
constant across disturbance regimes. If they are found to be relatively
constant, the method given previously will be used to model the progression of
the plant community over time, given some hypothetical set of initial

5-7
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conditions. If transition probabilities are found to be non-constant,
nonhomogeneous Markov-chain modelling will be employed following standard
methods (e.g. Ac /edo 1981).

Model outputs will be compared to field data on state numbers from sites
not used to develop the model to assess validity and refine the model's
parameters. Model performance will be compared to actual state values using
appropriate statistical tests. For example, predictions of dy: nic
performance over time will be compared to actual states over time (where such
data are available) using a runs test. Static predictions can be assessed for
bias + comparing predicted values to observed vi 1es using a binomial test.
Evidence of bias will be a cause for reassessing the transition probabilities
or assumptions of homogeneity, and refining values where necessary using field
data from the model-testing sites.

5.3.6. Dai Input Requirements and Expected _.atputs. The fol owing are
requir inputs:

e Definition/delineation of community space states based on focal
(Don 1ant) species as well as vacant land surface

e Diagram of principal transitions among states
e Likely conditions of disturbance

e Mortality rates of species in state i under normal and disturbancé
conditions

e Recruitment rates of spec 2s i into state j, and into all other
st 'es

e Recruitment rates of species i as a function of spatial density of
state j.

Required Outputs.

Minima]l output from a Markovian modelling exercise will be a k-
dimensioni plot of the spatial density of the k species (or states) as a
function of time, given some presumed initial conditions. These initial
conditions will be determined from a field analysis of disturbance
consequences (e.g. the number of species or states i present in an area within
one year of a burn). Analysis of the model using the initial state conditions
will ider ify the time-stable community composition as well as the time (in
years) to reach that stable composition given an initial set of conditions.
Disturbances may be entered into the model on a given recurrence interval, in
which case time-stable compositions may never be reached. In this case, the
model wil identify the community composition change as a cyclic | enomenon
with state density as a function of time. Output from the models may then be
used as a asis for predicting barrier performance over time as a function of
the change in plant community composition over time.
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6.0 INTERACTION WITH OTHER BARRIER TASKS

The work performed within the plant community dynamics task will
directly interface with and provide important data to a number of other task
groups as defined by the barrier development plan (Adams and Wing 1986).

Brief descriptions of some of these interactions are provided in the following
sections.

6.1 BIOINTRUSION TASKS

Plant community type and state will have a direct affect on the types of
burrowing animals present on a barrier, and directly will affect the
probability of intrusion into the waste by either plants or animals.

6.2 WATER INFIl RATION TASKS

Water balance of the fine-soil surface layer will be directly dependant
on the plant community characteristics (i.e., community-scale seasonal and
annual ET patterns).

6.3 EROSIO CONTROL TASKS

The magnitude of wind and water erosion will be effected by plant
coverage, distributions, canopy architectures; and rooting characteristics of
the plant community; these variables are dependant on the disturbance history,
and successional stage and climatic conditions.

6.4 MODELLING TASKS

Model development, validation, and derived predictions require
representative values for various plant community parameters (e.g., rooting
depths, ET, water uptal | :1 -ns).

6.5 NATURAL ANALOG STUDIES

Plant community dynamics is a principle part of the overall natural
analogs task group.

6.6 CLIMATE

The determination of plant community structure and change is the natural
extension of the climate prediction tasks. The work described in this test
plan t- ; the climate predictions to all of the other task groups previously
listed.

6-1
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7.0 PROJECTED COSTS (IN THOUSANDS)

TASK GROUP FY1991 FY1992 FY1993 FY1994  TOTAL

Ana 1g identification $ 10 $ 5 $ 10 $10 $ 35
Community scale evaporation 150 100 100 100 450
Successional delling 2N 50 50 30 150
Total Pacific Northwest
Laboratory Contribution 180 155 160 140 635
Community Characterization
(Westinghouse Hanford Company) _ &0 3N 50 20 C)

Total $230 $185 $210 €160 $78%

7-1
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