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SUMMARY

The objective of the Biointrusion Control Task is to provide technical support to
Westinghouse Hanford Company's Protective Barrier Development Program for
evaluating and predicting potential impacts of animal burrowing on long-term barrier
performance. This document reviews the major accomplishments for FY 1988, which
is the initial year of the work. The scope of work includes a literature review, field
studies, and modeling to assess burrowing impacts as they may contribute to
increased infiltration of surface water through barners, increased quantities of sail
available for erosion because of surface soil disturbancse, and direct physical transport
of contaminants to the surfacs.

Key findings for FY1988 are listed below.

. Large mammali burrows were characterized in terms of size, depth, and
orientation of excavated castings. Most soil castings were deposited on the
down-slope edge of the hole, which could serve as a dam for runoff and direct
water into the burrows.

. Measurements mads in late spring indicated that soil moisture beneath and
around large mammal holes was actually drier than for nearby control sites.

. Conductivity probes were evaluated for determining changes in soil moisture
beneath large mammal burrows and were found to be unsuitable. Neutron
probes were selected to monitor soil mositure changes below the burrows.

. Preliminary field studies indicated that high-intensity rainfall can enter large
mammal burrows from three sources: 1} direct entry of incident rainfall, 2) runoff
from microwatersheds created by soil cast to the surface by animals during
digging, and 3) upslope runoff that flows into burrow openings.

. Observations showed deep water penetration below large mammal burrows
subsequent to a late May natural rainfall event that occurred on the Upper
Snively field site.

. High-intensity simulated rainfall penetrated to greater depths below large
mammal burrows than in control locations.

. The literature was reviewed for information on burrowing characteristics of eight
mammal and invertebrate species that occur on the Hanford Site or in similar
western habitats.



The literature review revealed that little or no information is available on most
burrowing characteristics for the badger (Taxidea taxus), marmot (Marmota
flaviventris), and harvester ant (Bogonomyrmex owyheegi).

Aspects of animal burrowing that are poorly documented for the reviewed
-species included number of burrows constructed per individual animal, amount
of soil displaced during burrow construction, and lifetime and fate of burrows
once they are constructed.

Fieidwork was initiated on fate and lifetime of burrows for abundant Hanford
species, including Great Basin pocket mice (E_emmlathua parvus), Townsend's

ground squirrels (Spermophilus fownsendii), and deer mice (Bgromyscus
maniculatus). One hundred and sixty-nine active ground squirrel burrow

entrances and 213 mouse burrow entrances were marked and monitored.

An existing computer code (BIOPORT) was reviewed and evaluated for use in
predicting the impact of long-term animal burrowing on protective barriers.

The BIOPORT code needs to be expanded to more realistically model animal
burrowing dynamics.

Work was begun on expanding the code. Modifications made inciude adding
parameters for colonization rate, burrow reuse, burrow coilapse based on
burrow age, and succession of animal species over time,
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Protective barriers have been identified as fundamental components for
providing long-term isolation of certain Hanford defense wastes disposed of near-
surface (DOE 1987). A program is being conducted that addresses barrier
performance standards, technology development, and design (Wing 1988). The
program cbjectives are to design a barrier that will be functional for an extended
design life of 10,000 years. The purpose of barriers is to prevent, to the extent
possible, migration of contaminants to groundwater. Thus, intrusion by man or the
natural biota, erosion or loss of the barrier, and infiltration of surface water are major
design considerations.

A series of tasks have been initiated by Pacific Northwest Laboratory (PNL)
through Westinghouse Hanford Company to address protective barrier and warning
marker system development (Wing 1988). The objective of PNL's Biointrusion Control
Task is to provide information for evaluating and predicting potential impacts of animai
burrowing on long-term barrier performance. The purpose and scope of work under
this task are based on Landeen et al. 1987, PNL initiated work on three subtasks in
FY 1988: Task A - water infiltration in response to large mammal burrowing, Task B -
animal burrow characteristics, and Task D - prediction and integration.

The water infiltration in response to large mammal burrowing subtask is
directed at defining and quantifying the extent to which large animal burrows may
influence the penetration of surface water (precipitation) through the barner. This
fiscal year, criteria for locating a study area were established, a suitable location was
found, large mammal burrows at the study site were characterized, preliminary field
studies were conducted, and measurements were made on the penetration of water
into burrows in response to both natural and simutated high-intensity rainfall.

The animal burrow characteristics subtask is directed at defining and
quantifying important animal burrow parameters for use in predictive model(s).
Literature was reviewed to determine what type of data were available. Field studies
were initiated to determine the lifetime and fate of burrow systems for some important
Hanford Site mammals.

The prediction and integration subtask is directed at selecting, adaptating, and
applying an appropriate model that can be used to predict burrowing as it may
influence water infiltration, surface scil erosion, and contaminant transport. Limited
work was done in model review to ensure that field study resuits would be



coordinated with anticipated model requirements. Work was also initiated to identify
model output requirements not met by an existing code and to modify the model.

This report describes the activities conducted under the three subtasks. Water
infiltration in response to large mammal burrowing is discussed in the following
section. Animal burrow characteristics and prediction and integration are described in
subsequent sections.



WATER INFILTRATION IN RESPONSE TO LARGE
MAMMAL BURROWIN ASK A, SUBTA

Large burrowing mammals, particularly the badger (Taxidea taxus) and coyote
(Canis latrans), are abundant on the Hanford Site. These mammals have significant
potential for impacting water infiltration because they dig numerous large burrows in
search of pray. Observations made during recent rainfall simulation experiments at
Hanford suggest that soil deposited near burrow entrances can serve as dams that
funnel water into the burrows. The objective of this subtask is to determine water
infiltration response relative to large mammal burrowing. The approach is to conduct
measurements of soil moisture changes near large mammal burrows in fine-textured
soils that are similar to those under consideration for use on protective barriers. This
study is designed to make measurements subsequent to natural and simulated high-
intensity rainfall.

STUDY AREA

Soils on the Hanford Site range from fine particle-dominated silt loams to
coarser textured sands. In comparison to the silt loam soils, the sandy soils are
susceptibla to wind erosion, have limited moisture holding capacity, typically support a
relatively meager vegetation growth, and are generally less attractive to burrowing
mammals. The ability of the finer-textured soils to store seasonal precipitation until the
plant community is able to return it to the atmosphere via transpiration is the pnmary
reason that soils dominated by fines are desirable for covering protective barriers.
Last et al. (1987) reported that the fine-textured soils being considered for use on
protective barriers have greater than 30% fines and moderate to high water storage
capacity. Characteristics that make fine-textured soils desirable for use on protective
barriers also make them attractive to burrowing animals. For example, fine-textured

“Hanford soils have sufficient physical structure to permit animais to construct burrows
that do not collapse, and because these soils also support a greater vagetative cover
than sandy soils, a food base is available for a variety of animal species.

Criteria for selecting a study site to determine the effects of large mammal
burrowing on surface water infiftration included: 1) generally fine-textured soils, 2) a
relative abundance of digging activity, and 3) a nearby source of water that could be
used for simulating rainfall.

We used a Hanford Site map to identify areas known to have fine-textured soils
that were located near sources of water (primanly springs and streams). Our



experience indicated that the sail cast to the surface by large burrowing or digging
mammals remains conspicuous for some time and can be seen from the air. During
February 1988, we flew in a small fixed-wing aircraft at low aititude over areas
identified on maps to help locate a study site that met our requirements. We identified
four potential study sites, Cold Creek vicinity (approximately 5 km west of the Yakima
Barricade), Bobcat Canyon aliuvium {(about 5 km south of gate 117), Lower Snively old
field (approximately 6 km southwest of gate 118), and Upper Snively old field (4 km
south of the Lower Snively old field) (Figure 1). Inspection from the ground showed
that the Upper Snively old field was best suited for study. The site has a fine-textured
silt loam soil that is punctuated with holes dug by badgers and coyotes, and an
artesian spring that is located nearby to serve as a water source for rainfall simulation.

HARACTERIZATION RGE MAMMAL BURROW

During March, fieldwork was conducted at the study site to initially characterize
the mammal excavations. Information was collected on the size, shape, and
configuration of the holes to determine the best approach for evaluating their role as a
factor in water entry to deeper soil layers.

Numerous northern pocket gopher (Thomomys talpoides) mounds were found,
suggesting that an abundant prey base was available for badgers and coyotes. Many
large animal excavations of various ages and depths were found. There appeared to
be two distinct kinds of large mammal holes. The majority of the holes were vertically
compressed (shaped like an egg lying on its side) and were probably dug by badgers.
The second type of hole was horizontally compressed (shaped like an egg standing
on end) and appeared to be coyote excavations.

Methods

Large mammal holes were marked with numbered stakes for future
identification, and assigned an age class. The top and bottom diameters, length, and
vertical depth were estimated (Figure 2). We also recorded whether the hole
appeared to have been dug by a badger or a coyote and the orientation of the soil
castings relative to the hole opening (up-slope, down-slope, or along the sides of the
hole).

Although it was not possible to determine an absolute age of the holes, we
assigned a subjective age class to each marked hole. Age class No. 1 was assigned
to holes that were recently excavated (1 day to 3 months). The castings for these



















































AN RROW CHA RISTI TA

The objective of this task was to obtain quantitative estimates of animal burrow
parameters for species of burrowing animals (vertebrates and inventebrates) likely to
inhabit the waste sites over the next 10,000 years {Landeen et al. 1987). Information
on animal burrow characteristics {e.g., depth of burrow, volume of burrow, life of
burrow, etc.) is necessary for input into the modeling task (Task D) to address issues of
major concern (water infiltration, erosion of the soil cap, and waste transport) relative
to animal burrowing on protective barriers (Table 2).

The first phase of this task was an extensive review of available literature on
animal burrow characteristics. This review was used to identify those species and
burrowing characteristics for which little or no published information existed. Within
the constraints of budget and time, fieldwork was then initiated on these identified
topics.

Species selected for study included the badger, marmot (Marmotg flaviventiis),
prairie dog (Cynomys spp.}, Townsend's ground squirrel (Spermophilus fownsendii),
northern pocket gopher (Thomomys talpoides), Great Basin pocket mouse
(Perognathus parvus), kangaroo rat (Ripodomys spectabilis), and western harvester
ant (Pogonomyrmex gwyheei). Species were selected for study if they were already
present in the general area and were important burrowing species (marmet, badger,

TABLE 2. Relationship Between Animal Burrowing Characteristics and Major
Technical Concerns{a)

Technical Concerns

Animal Burrow Soil Water Waste
Charactetistics Erosion Infiltration Transport
Depth IN{D) IN
Volumae IN IN
Amount of soil IN IN
displaced
Number of burrows/ IN IN
individuals
Life of burrow IN

(a) From Table 4.0, Landeen et al. (1987:21).
(b) Input needed to resolve technical concerns.
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ground squirrel, pocket gopher, pocket mouse, and western harvester ant), or if they
were important burrowing species present in similar western habitats (kangaroo rat
and prairie dog). The selection of these species is preliminary; final selection depends
on the chosen climate scenario, which has yet to be decided.

LITERATURE BEVIEW (SUBTASKS 1-5)
Methods

Published literature was examined for the following animal burrow
characteristics: depth, length, diameter, total volume, volume by depth, life, number
per individual animal, number per area, amount of soil displaced to the surtace, and
density of burrowing animals. Information recorded during the literature search
included whether data on these specific burrowing characteristics were availabie and,
if so, the relative quality of the data. Because of the limited amount of published
information available on some species, data were also recorded for closely related
species.

Results and Di ion

The results from the literature review are summarized by reference for each
species (Appendix A) and combined into an overall summary table (Table 3). Little or
no information is available on most burrowing characteristics for the badger, marmot,
and harvester ant (Table 3). In addition, little information is available for any species
reviewed on the expected lifetime and fate of burrows once constructed. Other
aspects of animal burrowing that are poory understood for any of these species are
the number of burrows constructed per individual animal and the amount of soil
displaced to the surface during burrow construction.

Based on the literature review, the burrowing characteristics of the badger,
marmot, and harvester ant require additional fieldwork for input into the modeling effort
(Task D). Itis likely that some additional information will be obtained on badger
burrows during Subtask 2 of Task B (water infiltration in response to large burrowing
mammals) of this study. Obtaining additional information on marmot burrows will be
difficult because of their low densities, and because they generally dig their burrows in
rocky hillsides where excavation is difficult. Harvester ants are relatively common on
the Hanford Site and appear to be a good candidate for additional field studies. Field
investigations were begun in FY 1988 on the life and fate ‘
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TABLE 3. Relative Quality of Information Available on the Burrow Characteristics of
Selected Species of Burrowing Animals

Burmow Characterstics
Amount
Total Vol by No./ No./ of Soil Animaj
_Species . Depth Length Dia. ¥Yol. Depth Lite [ndiv. Area Displaced Density
Pocket mouse Good Fail® Fairfd Fairf® Fairl@ None None None Poor Good
Kangaroo rat Good Good Good Good Good None Fair Good Good Good
Pocket gopher Good Good Good Fair Poor None Poor Fair Good Good
Ground
squirrel Good Good Good Good Good Poor Poor Fair Fair Good
Prairie dog Good Good Good Fair Fair Poor Fair Good Poor Good
Badger Poor Poor Poor None None None Far  Good Ncne Good
Marmot Poor Poor None HNone None Poor Fair Good None Fair
Harvesterant None None None None None Good HNone Good None Good

(a) D. Landeen, Westinghouse Hanford Company, personal communication.

of animal burrows because 1) little or no information exists on this aspect (Table 3), 2)
field studies on this topic will require an extended study period, and 3) the information
is needed for input to the modeling effort.

LIFETIME AND FATE OF ANIMAL BURROWS (SUBTASK 9)

The BIOPORT model (McKenzie et al. 1986) will be modified to evaluate the
impact of animal burrowing on water infiltration, erosion, and waste transport.
Currently, this model converts animal density/year into the number of burrows
present/arealyear. ftis assumed in this model that individual animals construct a new
burrow each year, and that all old burrows collapse each year. Undoubtedly, these
assumptions are not realistic, particularly for the larger burrowing animals. However,
little published information exists on the lifetime and fate of animal burrows (Table 3) to
improve on these assumptions.

The objectives of this subtask are to determine 1) how long a burrow exists, and
2) whether abandoned burrows are reused by other individuals or species, thereby
extending the life of these burrows. In conducting this subtask, we assumed that
animal burrows increase water infiltration, which is the current topic of investigation in
Task A. [f this assumption is incorrect, then it is not necessary to evaluate the lifetime
and fate of animal burrows for the protective barriers program. However, we felt it was
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necessary to begin fieldwork on this subtask as soon as possible because 1) some
previous studies {Reynolds 1958; Grant, French, and Folse 1980) suggest that animal
burrows increase water infiltration, and 2) fieldwork on animal intrusion is proposed to
extend only over a 3-year period, and this subtask will require marking and monitoring
individual burrows over several years.

Fieldwork was restricted to the smaller relatively common burrowing animals
[Great Basin pocket mice, Townsend's ground squirrels, and deer mice (Peromyscus
maniculatus)] because the burrows of larger animals (badgers and marmots) are likely
to persist for extensive periods of time, and are, thus, beyond the scope of this study.
For example, the average life of an arctic fox (Alopex lagopus) den has been roughly
estimated to be 330 years (Macpherson 1969).

Methods

Fieldwork was conducted on the Arid Lands Ecology (ALE) Reserve between
April and August 1988. The ALE Reserve was selected as the study site because its
protected nature offers a fair degree of assurance that any burrows marked during this
study will be undisturbaed over an extended period of time. Efforts were made to
restrct individuai study sites on the ALE Reserve to soil types similar to those planned
for the barrier.

Townsend's ground squirrels are colonial and are only active above ground
between late winter and early summer (Davis 18338). Colonies of ground squirrels
were located by walking extensive areas of the ALE Reserve betweean April and mid-
June. Once a squirrel colony was located, the identity of the squirrel burrow was
confirmed by presence of the squirrel, its tracks, or feces. Burrow entrances with
recent squirrel activity were marked with a 1.8-m steel fence post and numbered metal
tag. Burrow entrances were subjectively classified into three categories: major burrow
(large mound of excavated soil and muitiple burrow entrances), simple escape burrow
(no soil mound and only one apparent burrow entrance), or intermediate-size burrow
(small soil mound and only a couple of burrow entrances). Burrows were revisited
periodically to determine whether they were still being used and their current physical
condition.

Areas supporting comparatively high densities of pocket mice and deer mice
were selected on the ALE Reserve by examining old trapping records and conducting
some preliminary live trapping. Once a site was selected for study, live traps, baited
with bird seed and rolled cats mixed with peanut butter, were randomiy placed
throughout the area. All captured mice were identified to species and sex, weighed,
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individually marked by toe clipping, and released where captured. Upon their release,
attempts were made to follow the mice to the burrow entrances in which they escaped.
These entrances were then temporally marked. At least 1 day later, live traps were set
at these burrow entrances, and a 5-mm-mesh wire cone was placed over both the trap
and cone to limit captures to individuals actually using the burrow. Because this
process was time consuming, trapping was not conducted at all burrow entrances in
which mice escaped. Burrow entrances, both those confirmed as being active with the
wire cones and those suspected as being active (i.e., those in which a mouse
escaped, but was not |ater trapped), were marked with 40-cm-high wire stakes and
numbered metal tags. To simplify the relocation of marked burrows, all marked burrow
entrances were referanced to either a grid or a line of 1.8-m steel fence posts.
Burrows were revisited periodically to determine their current physical condition and
whether they were still being used.

Only burrow entrances could be identified and marked in this study. For mice, these
marked entrances probably represented discreet burrow systems, Howsever, for ground
squirrels, more than one entrance for a given burrow system may have been marked.

lts and Di ion
One-hundred and sixty-nins active ground squirrel burrow entrances were
marked in eight colonies (Figure 1, Table 4). Based on excavation patterns, northern
pocket gophers and ground squirrels appearsd to use some burrows interchangeably;
this caused some difficulty in burrow identification, particularly in the 0.5 mile east

TABLE 4. Summary of the Number and Fate of Townsend's Ground Squirrel Burrow
Entrances Marked Per Colony on the Arid Lands Ecology Reserve in 1988

No. of Burrgw Entrances

Partiaily or Excavated

Colony Name Marked Totally Filled in (@) by Badgers
Waterplot 24 0 {0.0) 0 (0.0)
0.5 mile west 21 4 (19.0) 8 (38.1)
0.5 mile east 23 11 {47.8) 2 (8.7)
Gate 106 40 17 (42.5) 0 (0.0)
2.9 mile 16 4 (25.0) 0 (0.0)
Headquarters 16 3(18.8) 2 (12.5)
Lower Snively 6 1(16.7) 0 (0.0
Point 23 Q_(0.0) 1 (43)
Total 169 40 (23.7) 13 (7.7)

(a) Percent shownin ().
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colony (Table 4). Only those burrows definitely being used by ground squirrels when
first visited were marked.

Forty (23.7%) of the marked ground squirrel burrow entrances were partially or
totally filled in by early August 1988 (Table 4). The northern pocket gopher appeared
to fill in many of these burrow entrances. Whether the deteriorating condition of these
burrows was related to the fact that the squirrels were inactive because they were
estivating during part of the study {mid-June to August 1988}, or because the burrows
were abandoned is unknown,

Individual ground squirrels probably used several burrows simultaneously.
Many of the burrows classified as simple escape burrows appeared to be
comparatively limited in extent underground and were probably used only as
temporary refuge from predators while the squirrel was foraging. Those burrow
entrances classified as major were probably entrances to burrows in which ground
squirrels were resident much of the time. Badgers, presumably in pursuit of ground
squirrels, provided evidence suggesting that the major burrows were occupied. More
than 30% of the burrow entrances classified as major were excavated by badgers
during the short time of this study, and nearly all badger digging at ground squirrel
burrow entrances was limited to major burrow entrances (Table 5).

Species other than the badger and northern pocket gopher that were observed
using marked ground squirrel burrows during mid-summer included the northern
grasshopper mouse (Qnychomys leucggaster), Nuttal's cottontail rabbit (Sylvilagus
nuttallii), burrowing owl (Athene cunicularia), and several species of invertebrates.

TABLE S Number and Fate of Ground Squirrel Burrows on the And Lands Ecology
Reserve in 1988 by Burrow Type
Burrow Type ‘

—Simple Intermediate —Major
Total no. marked 58 76 35 _
No. excavated by
badger o (0.0)(a) 2 (2.6 11 (31.4)
No. partially or
totally filled in 17 (29.3) 9 (11.8) 6 (17.1)

{a) Percent.
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Two-hundred and thirteen mouse burrow entrances were located and marked;
19 of these were deer mice burrows, the remainder were pocket mice burrows
(Table 6). Most mouse burrows {77.5%) were identified by observing a mouse enter a
burrow following release from a live trap. Some of these mice probably entered
burrows that they normally did not use in an attempt to escape. However, pocket mice
were generally calm following release and would often explore several burrow
entrances before actually selecting one. Such behavior suggests that the burrow they
finally entered was one that they were at least familiar with.

TABLE 8. Summary of Active Mouse Burrows Marked on the Arid Lands Ecology
Reserve in 1988

—No, Pocket Mouse Burrows r
___ Pt Confirmed(®Suspected(P)Total  Confirmed(@)Suspected(®) Total
ALE corner 3 31 34 0 0 0
Mountain corner 0 21 21 0 0 0
Mountain grid 5 66 71 0 0 0
Rattiesnake Springs 6 21 66 0 0 0
ALE headquarters 15 26 41 19 0 19
Total 29 165 194 19 0 19

{(a) Mouse trapped under wire cone,
(b) Mouse observed entering burrow.
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ICTl 10P M TASK

The objective of the animal intrusion modeling task for the Hanford protective
barriers program is to predict cumulative burrow volumes, soil displacement, and
radioactive material transport resulting from animal burrowing activity. An existing
code, called BIOPORT (McKenzie et al. 1986), which contains an animal intrusion
subroutine, was selected as the starting point for the modeling effort. The task this
fiscal year was to install and test the model, review the parameters applicable to the
protective barriers program, and interact with other tasks to ensure the model input
requirements correspond to output from field experiments.

The BIOPORT program was originally developed to calculate waste package
degradation and the biological transpon of radionuclides from a commercial low-level
waste disposal site. Biological components are plant roots and animais. Plant roots
absorb radionuclides and transiocate them to other plant organs (i.e., roots, stems, and
leaves) and subsequently recycle them back to the soil. Animals move seil and
accompanying radionuclides from various soil strata to the surface. The computer
program calculates concentrations of radionuclides available to the soil column based
on waste form/package decomposition. Biological transport of radionuclides is
calculated for each year of a specified time period and for each radionuclide in the
waste inventory. The code assumes there are three soil layers above the waste site.

For the barriers program, we are interested primarily in the animal portion of the
code. In the original BIOPORT code, animal burrowing moved soil and the
accompanying radioactive material from each layer to the surface. The surface
material was subjected to erosion, and the remaining material was then incorporated
into the top soil layer. To remove voids resulting from burrowing, enough soil to fill the
void in a particular layer was removed from the next higher layer {going from top to
bottom) and evenly mixed with the remaining soil. This resulted in a steady decrease
in the volume of the top fayer, depending on the rate of erosion. There was no
provision in the original code for succession of animal species with time, or a change
in burrowing activity beyond the first 2 years.

Parameters for the animal portion of the BIOPORT code are:
species or other identifying name
total amount of soil excavated by burrowing/year (m3/ha)
range of movement (m) {i.e., depth of burrow)
activity in subsequent years compared with first (proportion, <1)
proportion of soil moved from each layer (sum = 1).

AN A
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A sensitivity analysis using the individual parameter perturbation method was
conducted on the original code {(McKenzie et al. 1986). This method assumes minimal
interaction between model input parameters, which is appropriate for the BIOPORT
code. Forthe sensitivity analysis, values of one set of parameters were varied, while
alt other parameters were held constant. The sensitivity analysis determined that the
most important parameter in terms of its effect on the amount of radioactive matenial
brought to the surface was the range of animal movemant. Thus, if an animal doas not
penetrate the waste, no radioactive material is moved.

In evaluating the model for the present needs of the protective barriers program,
it appears that the code needs to be expanded to more thoroughly mode! animal
burrowing dynamics, particularly caiculation of burrowing depth, burrow volume, and
quantity of soil moved to the surface. Work on the animal burrowing parameters
subtask has identified several areas of importance, including life of the burrow; burrow
reuse by the same or other species; number of burrows per individual, or for social
species, the number of individuals per burrow; and succession of animal species.
Also, code output needs to be expanded to include burrow volumes as well as
radionuclide concentration. This will provide an indication of disturbance for each
layer.

Other parameters of interest include making the soil layers unequat volume,
and adding an intrusion coefficient for each layer/species, based on the probability of
a particular species burrowing into that layer. This will be useful when layers of
differant material are present over the waste site.

Work has started on expanding the code. Additions so far include having 1) a
variable colonization rate (assumes that the species does not appear at the site at
peak density in a single year; i.e., it gradually increases in numbers until reaching a
stable population level); 2) a reuse index (assumes a species does or does not reuse
a burrow); 3) a burrow collapse rate based on burrow age; this is a stochastic feature
that is checked yearly; and 4) succession of animal species over time.
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APPENDIX A

ITERATUR MMARY ON ANIMAL BURROWING CHARACTERIST!



TABLE A.1. Summary of Information Availabie on the Burrowing Characteristics of Selected Animal Species. Data presented as the number of burrows
examined or as a euvalitative estimate of the amount and value of the information available.

'y

Location Total  Vol. by No. per No. per Amount of Animal

sSource of Information of Sludy Depih Length Diameter Yolume Depth Lile Individual Area  Soit Displaced Density
BADGER
Lindzey (1976) Ut, ID Poor  Poor Poor
Lindzey {1978) UT, ID Fair Good
Messick & Hornocker (1981) D Good
Sargeant & Warner (1972) MN Fair
MARMOT AND WOODCHUCK
Ammitage(1962) Wy Poor Fair Fair Good
Armitage(1974) coO Fair
de Vos and Gillespie (1960) ONT Good Fair
Henderson and Gilbert {1978) ONT Good
Merriam{1871) NY Poor Good Good
Pattie {1967) MT,WY  Poor
Svendsen {1974) CcO Good Good
Svendsen (1976) CcO 5 5 Fair
PRAIRIE DOG
Archer, Garrett, & Detling(1987}) SD Good Fair
Carlson & White (1987) SD Poor
Clark (1871) WY 2 2 2 Good
Clark (1977} WY 2 2 2 Good Good Good
Fitzgerald and Lechleitner (1974} CO Far Good Good
Garretl, Hoogland, &Franklin{1982)SD Fair
Merriam (1802) Plains 1 1 Poor Poor
Sheets, Linder, & Dahigren {1971) SD 18 18 Fair
Smith {1958) KA Poor Fair Fair
Stromberg (1978) WY Good
Tileston and Lechleitner (1966} CO Good Good
Whitehead (1927) X Poor
Wilcomb (1954) OK 13 13 13 13 13 Poor



Y

14

Location

TABLE A.1. (contd)

Total

Vol. by

No. per No. per

GROUNDSQUIRRELS =~

Abaturov (1972)

Alcom (1940)

Arthur & Markham (1983)
Bartholomew & Hudson (1961)
Broadbrooks (1958)

Criddle (1939)

Davis {1939)

Desha (1966)

Fitch (1948)

Michener {1879)

Reynolds & Laundre {1588)
Reynolds & Wakkinen (1987)
Rongstad {1965)
Shaw (1925)
Shaw {1926)
Smith & Johnson (1985)

POCKETGOPHER
Andersen & MacMahon (1981)
Axthelm & Lee (1976)

Best (1973)

Buechner (1942)

Davis, Ramsey, & Arendale (1938)

Downhower & Hali {1966)
Ellison (1946)

Ellison & Aldous {1952)
Grant, French, & Folse (1980)
Grinnell (1923}

USSR

NV
D
CA
WA
MAN
D
OK
CA
ALB
D
D
W
WA
WA
D

SSEIRRERS

CcO
CA

Hakonson, Mareniz, &8White {(1982)NM

Hansen & Reid (1973)
Hickman (1977)

Hickman & Brown (1873a,b)
Ingles (1952)

Kalisz & Stone (1984)
Mielke {(1977)

Cco

14
Poor
14
Poor
64

30
20

Poor
98

Poor

Poor

Poor

14 14
Poor
14 14
Poor
Poor
64
30
20 20
6
2 1
98
40
3 3
Poor
5 5 5

30

Fair Good
Poor Fair
Poor
Good
Poor

Arnount of

Animal

Fair

Good

Fair

Good

Fair
Fair
Good

Fair
Good
Summary

Fair

Good
Fair

Poor

Good

Geod

Good

Fair
Poor

Good



£V

JABLE A.1. (contd)

Location Total  Vol. by No. per No. per Amount of Animal
Miller (1957) CA 9 9 9 9 9 Good Good Fair
Reichman & Baker (1972) X 76 76
Reid (1973) CcoO Fair
Richens {1966) utT 1 Poor
Shelford (1929) Poor Poor
Vieck (1979)C CA 1 1
Winsor & Whicker (1980) cO Fair Good
KANGAROO BAT
Anderson & Allred (1964) NV 30 30
Arlhur & Markham (1983} D Good Good
Best, Intress, & Shuil {1988) Mexico Good Fair
Bienek & Grundmann {1971) CA UT 5 5
Culberison (1946) CA 1 Poor Poor
Grinnell {(1932) CA 3 3 20 Poor
Hawbecker {1940) CA Poor  Poor
Holdenried (1957) NM Fair Good
Kenagy (1973) CA Poor Fair Poor Good
Monson & Kessler (1940) AZ ,NM Far Good Fair
Reynolds (1958) AZ Fair Fair Fair Good Good Good
Reynolds & Laundre (1988) D 23 23 23
Reynolds & Wakkinen (12987) D 19 19 19
Rosenzweig & Winakur (1969) AZ Good
Schroder & Rosenzweig (1975) NM Fair
Tappe (1941) CA Poor  Poor 31 Fair
Vorhies & Taylor {1922) AZ Poor Poor Poor Poor Good
POCKETMOUSE . =
Arthur & Markham {1983) D Good Good
Criddle (1915) MB 1 1
Hoover, Whitford, & Flaviil (1977) NM Falr
Kritzman (1970) WA Poor  Poor
Kritzman (1974) WA Fair
Landeen & Mitchell (1982) WA {41collected not publ.)
O'Farrell et al. {(1975) WA Good

Reynolds & Haskell (1949) AZ Fair



I

— Source of information

Schefter (1938)
Schreiber (1978)
ANTS

Baxier and Hole (1967)
Chew (1987)

Porter and Jorgensen {(1988)
Sharp and Barr (1960)

Snheva (1979)

Willard and Crowelt (1965)

Location

TJABLE A1. (contd)

Total

Vol. by

No. per No. per

of Study Depth Length Diameter Volume Depth Lile Individual Area

WA, OR
WA

W
AZ
D
D
OR
OR

5
5

2

Good
Good

Good

Good

A_rnqunl of

Animal

Soil Displaced  Densily

Poor

Good
Good
Good

Good
Good
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