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ABSTRACT

This user guide describes the DRILLO code, its structures, the associated simulation model, and
instructions for its use. The DRILLO code has been used in the Iterative Performance Assessment (IPA)
Phase 2 exercise to simulate the human intrusion scenario for the proposed high-level waste (HLW) at
the Yucca Mountain site. The code models the drilling event as a random process and then assesses the
consequences of the drilling in terms of the release of radioactivity to the geologic media and accessible
environment,

The DRILLO code, which consists of two modules, can be run in two modes, It can be run either under
the Total-System Performance Assessment (TPA) code or in a standalone mode. In the TPA mode,
DRILLO code models occurrence of drilling as a random process and calculates the number of boreholes,
time of drilling events (within the next 10,000 yr), and whether a waste canister has been hit by the drill
bit. In addition, the code computes the consequences of the drill bit intersecting a waste canister, a
contaminated rock, or both. This information is passed to other modules of the TPA code.
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FOREWORD

In accordance with the provisions of the Nuclear Waste Policy Act of 1982, the U.S. Nuclear Regulatory
Commission (NRC) has the responsibility of evaluating and granting a license for the first and
subsequent, if any, geological repositories for high-level nuclear waste (HLW). This act was amended
in 1987 to designate one site in the unsaturated region of tuffaceous rocks of Yucca Mountain in southern
Nevada for detailed characterization. To meet its licensing function, the NRC will review the application
submitted by the U.S. Department of Energy (DOE). The Center for Nuclear Waste Regulatory Analyses
(CNWRA) at Southwest Research Institute (SWRI) is a Federally Funded Research and Development
Center (FFRDC) created to support the NRC in its mission of evaluating and licensing the proposed HLW
repository. One critical section of the DOE license application will deal with the assessment of the future
performance of the repository system, which has to meet certain standards established by regulations.

In order to develop capabilities to review the Performance Assessment (PA) in the DOE license
application, the NRC and the CNWRA are engaged in developing and applying PA methods and models
to existing data. Later, at the time of the license application review, these methods may be used to
conduct independent PA, if the NRC elects to do so. Because of the large space and time scales involved
in estimating repository performance, mathematical models encoded as computer codes are the chosen
tools tor PA. The repository system consists of designed (or engineered) barriers embedded in the natural
geological setting. Estimating performance of the total system requires that the behavior of these
components be projected under a variety of nossible future conditions. This effort is obviously a complex
task that requires a variety of calculations. 2 development of the DRILLO code described in this report
is a part of the total performance assessment computer code that performs these calculations.
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I INTRODUCTION
1.1 REGULATORY AND TECHNICAL BACKGROUND

A very specific regulatory purpose for the conduct of Performance Assessment (PA) is to
determine if the geological repository system satisfies the regulatory standards. This determination is done
by comparing the estimated values of the regulatory performance measures with the limiting values of
the same measures specified in the regulations. Thus, the PA models must be designed to estimate the
performance measures. In addition to the regulatory function, PA will also be used to design [by the U.S.
Department of Energy (DOE)) and judge the adequacy of [by the U.S. Nuclear Regulatory Commission
(NRC)] the site characterization program. To meet these varied objectives, the Total-System Performance
Assessment (TPA) code has been developed to provide computational algorithms for estimating values
of various performance measures [see Sagar and Janetzke (1993) for the description of the TPA code].
To estimate the performance measures, the TPA code contains a set of Consequence Modules (CMs) that
are largely independent computational units. The DRILLO code, which is one of these CMs used to
evaluate consequences due to human intrusion events by exploratory drilling in the vicinity of Yucca
Mountain (YM).

The primary regulations applicable to the high-level waste (HLW) geological repository were
promulgated by the NRC in 10 CFR Part 60—Disposal of High-Level Radioactive Wastes in Geologic
Repositories. Two sections of 10 CFR Part 60 pertain specifically to post-closure performance. These
sections include Part 60.112-—Overall System Performance Objective for the Geologic Repository after
Permanent Closure; and Part 60,113 —Performance of Particular Barriers after Permanent Closure.
Part 60.112 makes reference to satisfying the generally applicable environmental staudards for
radioactivity established by the Environmental Protection Agency (EPA). These environmental standards
were promulgated by the EPA in 40 CFR Part 191 in 1985. However, on litigation, certain provisions
of these standards were remanded by a federal court. Proposed revisions of 40 CFR Part 191 were under
review in early 1993, In late 1992, the U.S. Congress enacted a new law known as the Energy Policy
Act according to which the EPA will develop standards applicable specifically to YM that may be
different from those in 40 CFR Part 191, However, for the development of the DRILLO code, the 1985
EPA standards are followed. The DRILLO code will be modified, as necessary, at the appropriate time
to account for any changes in the EPA rule.

Three different performance measures are used in Part 191, These measures are: (i) release of
radioactivity over the entire accessible environment (AE) boundary (i.e., vertical boundary at 5 km from
edge of the repository integrated over areal space) cumulated over a 10,000-yr period (integrated over
time) after closure must not exceed specific limits at specified probability levels
(Pert 191.13—Containment Requirements), where the preferred method of representing this performance
measure is through a Complementary Cumulative (Probability) Distribution Function (CCDF); (ii) dose
t. humans in the first 1,000 yr after repository closure must not exceed specified limit
(2art 191.15—Individual Protection Requirements—this requirement has no probability attached to it),
ar. | (iii) concentration of alpha-, beta-, and gamma-emitting radionuclides must not exceed specified limits
(Part  191.16—Groundwater Protection Requirements—there is no probability attached to this
reasiiement). While the first performance measure is to consider all future credible scenarios, the other
two apply only to undisturbed performance.

I-1
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In addition, three other performance measures are used in 10 CFR Part 60.113 to define
performance of individual barriers (in contrast to the total system). These performance measures are: (i)
life of the waste package must exceed specified limits [Part 60.113(a)(ii)(A)—Substantially Complete
Containment Requirement]; (ii) release from engineered barriers must be less than specified limits
[Part 60.113(a)( 1)(ii)(B)—Groundwater Release Requirement]; and (iii) Groundwater Travel Time
(GWTT) must be greater than specified limits [Part 60.113(a)(2)—Groundwater Travel Time
Requirement|,

In all, there are six distinct performance measures. In general, the TPA code must accommodate
compliance determination by estimation of the three measures related to 40 CFR Part 191 and preferably,
but not necessarily, for the other three related to 10 CFR Part 60.113. Figure 1-1 depicts schematically
the six performance measures and lists the generic steps for their assessment. The steps for the assessment
of the six performance measures include model conceptualization of process, assembly of data suitable
for input to the mathematical models for calculating consequences, sensitivity and uncertainty analysis,
and regulatory compliance assessment. The NRC and CNWRA are developing regulatory definitions for
the performance measure of 60.113 and the corresponding complementary determination methods.
Performance measures computed in the Phase 2 TPA are examples only to demonstrate a concept,
Whether such compliance determination will be accomplished through the TPA is a decision not yet
made. In any event, the Phase 2 methods are not im2nded to be regulatory guidance and should not be
taken to be such guidance.

1.2 TOTAL-SYSTEM PERFORMANCE ASSESSMENT CODE BACKGROUND

To estimate the performance measures, the TPA code contains a set of CMs that are
computationally independent units, with their execution controlled by an Executive Module (Exec) (Sagar
and Janetzke, 1993). The Exec acts as the manager and ensures that CMs are executed in the desired
sequence and that appropriate values of the common parameters are passed to the CM. The Exec of the
TPA directs data flow between different subprocesses and controls their execution. Figure 1-2 shows
schematically the organization of Version 2.0 of the TPA code. The shaded parts of Figure 1-2 represent
the Exec. A data flow diagram indicating intermodule communication interfaces is shown in Figure 1-3,
This figure also shows all CMs of the TPA, including the DRILLO code, which consists of two modules.

1.3 PURPOSE Or SOFTWARE

The objective of the DRILLO modules is to provide computational algorithms for estimating
consequences due to human intrusion events by exploratory drilling in the TPA simulations, The code
simulates drilling scenarios as a random process. Specifically, the DRILLO simulation will determine the
number of waste packages failed by the drilling and the amount of radionuclide released to the geologic
media and to the AE. The results from the DRILLO simulations are then used by other TPA CMs to
calculate aqueous and gaseous radionuclide source terms, human individual or population dose, and the
total amount of radioactivity released directly to the AE.

1.4 REPORT CONTENT

A brief description of the conceptual and mathematical models embodied in the DRILLO
software is presented in Chapter 2. It also describes the assumptions made and the limitations of the
model. Features of the software are described in Chapter 3, which includes a detailed description of the
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‘ software capabilities and code structure. Chapter 4 contains the input instructions for the DRILLO code.
!' Chapter § describes the outputs. The verification and validation status is discussed in Chapter 6.
E Chapter 7 gives the references. Sample problems are given in the text of the report. Appendix A lists
; DRILLO code error messages.
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2 MODEL DESCRIPTION
2.1 OVERVIEW

The DRILLO computer code is designad to model the effects of human intrusion by drilling on
the performance of the potential repository in YM. The code considers the scenario of the release of
radionuclides to the geologic media and AE due to drilling operations that violate the integrity of the
canisters in the repository. This scenario is predicated on the assumption that the active and passive
institutional controls preventing violation of the repository are lost, and, thereby, drilling operations at
the site of the repository become a potential failure mode for the repository.

The philosophy used in the design of this component of the TPA code is that of representing
a complex scenario using a simple analysis that resolves the essence of the process. This is accomplished
here by simplifying the geometry of the repository into two major regions, the engineered barrier system
(EBS) and the rock column (RC), and by reducing the multidimensionality of the problem to a single
dimension. Radionuclides are modeled as residing in one of three compartments: (i) EBS, (ii) RC, or
(ii1) the AE.

The human intrusion scenatio is stipulated to consist of drilling in and around the proposed
repository site. The premise is that, at various times starting 100 years after closure and extending
through the 10,000-yr regulatory period for the repository; one or more boreholes are drilied from the
surface of YM, penetrating down into the region of the repository. This would then create the potential
for the removal of radionuclide material to the ground surface either directly from waste canisters or from
the surrounding contaminated rock. In the scenario, it is assumed that: (i) 20th century drilling technology
is being used; (ii) if a borehole intersects any portion of a waste canister, then its integrity is lost; and
(iii) that if a fraction of the material is excavated and transported directly to the ground surface through
the drill string in the drilling fluids.

The DRILLO computer code performs two primary computations, The first is the prediction
of three parameters: (i) the location of the boreholes; (ii) the time of the drilling events; and (iii) whether
or not a waste canister has been hit by the drill bit. These calculations are made assuming the process
to be random, as defined in Codell et al. (1992). In this scenario, the drill bit may either directly hit and
penetrate only rock that may be contaminated, or both hit a canister and penetrate contaminated rock.
Radioactive material may then be brought to the surface in either of these cases. The prediction of
canister impacts and event times are then used in the TPA source term module (i.e., SOTEC).

The second primary computation is the prediction of the consequences of the drill bit
intersecting a waste canister, contaminated rock, or both, A drill bit directly hitting a waste package
and/or penetrating contaminated rock is assumed to lift a portion of the radionuclide inventory to the
ground surface. The magnitude of the guantity of material deposited on the ground surface is then
predicted by DRILLO, which is used by TPA code to calculate direct release to the AE. A small
percentage of this material is then assumed to be particulates, which become airborne. This information
is then provided to other TPA modules (i.e., AIRCOM) for the calculation of human dose.

In the remainder of this section, complete details of the mathematical models and the
assumptions upon which they are based, representing the processes of the human intrusion scenario due
to drilling, are presented.

(3]
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2.2 MODELED REGIONS

DRILLO subdivides the repository system into three compartments. These are the EBS, the RC,
and the AE. Each of these compartments is a control volume in which radionuclide material may reside.
Figure 2-1 illustrates the relationships between these three compartments. In general, radionuclide
material is produced and decayed within the compartment, and is transported into and out of the
compartment by fluid motion. In this version of the code, only liquid transport, not gaseous transport
between compartments is considerad.

The EBS is defined to be the compartment in which the waste canisters are placed. Initially,
radionuclide material will be present only in the EBS. The EBS is further subdivided into seven regions
in which the number of waste canisters may vary from region to region. The nuclear material in each of
these seven regions is then allowed to decay and migrate out of the EBS into the RC through both
advective and diffusive processes. The initial inventory of nuclear material is assumed to be the same for
every canister in each of the regions. but the number of canisters in each region is allowed to be
different. However, as described below, the rate of migration of radionuclides out of zach EBS region
into the underlying RC may be different.

The three-dimensional (3D) geometry of the EBS is represented here as a two-dimensional (2D)
surface area through which the boreholes will penetrate. The areal description of the EBS is then defined
through a set of panels or 4 node, 2D elements. Figure 2-2 illustrates the relationship between the 3D
structure of the EBS and its 2D representation. For each region of the EBS, a set of N panels with four
nodes (defining its shape and extent) are input. These data consist of (x,y) coordinates and node
connectivity data, similar in concept to a finite element grid description. Each panel then, is a
quadrilateral of arbitrary shape. Its corresponding area is then computed by subdividing the element into
two triangular elements. Using the definitions illustrated in Figure 2-3, the area of the panels or element
polygons is computed by

Panel Ares = 05+[ (|V,[* ||} - (V%) ]" @-1)

0.5+ (1| * [V} - (Vy W) ]"2

where =« refers to multiplication of the vector magnitudes and - denotes the dot product. Each
quadrilateral area is then summed on a per-region basis to compute the total area of the region. These
region areas are then summed to give the total cross-sectional area of the EBS compartn cnt.

The RC compartment represents the rock strata underlying the EBS regions, Eacu of the seven
EBS regions has an underlying RC region associated with it. The RC compariment exten's down from
the EBS to the saturated zone beneath YM. Nuclear material may be transported from the ES to the RC
as illustrated in Figure 2-1. The rate and nature of such transfer is provided by the SOTEC code. The
waste material deposited in the RC may then decay further and consequently be transported out to the
AE, again by fluid motion. The rate of transport of nuclear material from the RC to the AE is dictated
by the flow rate of groundwater through the unsaturated zone. These flow rate data are provided to
DRILLO from the FLOWMOD module of the TPA code. The cross-sectional area of each RC region
is the same as its overlying EBS region. The RC is then connected directly to the AE by the interface to
the saturated zone beneath each RC region and also to the ground surface through drill boreholes.

2-2
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Figure 2-3. Definition of terms used in the computation of surface panel areas

The AE compartment represents regions outside of the EBS and RC. The AE is defined to begin
at 5 km from the perimeter of the EBS, and is also represented by the saturated zone beneath the RC.
Drilling outside of the perimeter of the EBS could exhume waste material from the RC; however, the
consequences of such releases, in terms of dose, are assumed here to be negligible, because the waste will
be very dilute as lateral diffusion is expected to be the primary mechanism for lateral transport, and this
is an extremely slow process. Exhumation of radionuclides from the saturated “footprint™ is also possible,
but is neglected here.

|
|
!
|
|
|
|
:
|
2.3 RELEASE MECHANISMS |
4
Surface release oceurs under two circumstances. In the first case, the drill bit directly intersects 1
a waste canister. The waste materials are then lifted to the surface by entrainment in the drilling fluids |
or by contamination of the drill string. It is assumed that the drill bit can penetrate a waste canister, that |
the waste canisters are vertically emplaced, and that even partial intersections with a waste canister result 1
in complete failure of the waste canister, enabling its subsequent release of its contents. Given an
inventory of radionuclides (the method for determining this inventory is discussed herein) at the time of 1
the drilling event, DRILLO computes the quantity of material deposited on the ground surface through |
|
1
4
l

the drilling process. Thus, for each nuclide j in the inventory of a canister in a region of the EBS, the
quantity of nuclide j deposited on the ground surface due only to a canister hit is
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r——---—“-u—---——-vou R A A o g S T e e S e D e i B e

e e N N " T

Qgas (iJok) = leg; 11.1) +(Radius*[Radcan?) @-2)

where Qpug (i/,k) is the amount of nuclide J, in chain number i, released from drill borehole k.
Qggs (i4.k) is in units of curies. Jyae (1) is the inventory in a canister of nuclide j, in chain number
i, at the instant of the drilling event in the EBS region, and again, this is measured in curies. Radius is
the radius of the kth drill borehole, and Radcan is the radius of the waste canister, where the ratio of the
squares of these terms is not allowed to exceed 1.

It is assumed here that all canisters in all seven EBS regions undergo the same decay and
production process, so that at any instant in time, there is no difference between EBS regions in terms
of the character of the radionuclide inventories in a canister. However, due to different flux rates out of
each EBS region, there will be a different, total, or gross radionuclide inventory in each EBS region.
Data from the TPA consequence module, SOTEC, provide the efflux rates for each nuclide (i,/) from
each EBS region as a function of time. These data are then used to modify the total inventory of nuclear
material in a given EBS region at an instant in time. Details of the SOTEC code are given in Sagar et
al. (1992).

Specifically, the initial inventory of radionuclides in a canister are allowed to decay over the
elapsed time from emplacement to the drilling event. This temporally adjusted inventory in a canister,
at the instant of the drilling event, is then multiplied by the number of canisters in the particular region
of the EBS. This gives the maximum possible gross inventory in the EBS region at the time of the drilling
event. During this period of time, radionuclide material may also be transported out of the EBS region.
This material is then allowed to decay as well, giving a magnitude for the amount of radionuclides
transported out of the EBS at the moment of the drilling event. The final total inventories of nuclear
material in an EBS region, at the instant of the drilling event, is then calculated as

ITgps (inf) = IMgps (i) = Tgppyuy (i) @3

where IMgg (1,/) is the maximum possible inventory in the EBS region, and lpep, iy (6J) 15 the
inventory of materials transported out of the EBS region during the elapsed time.

The effective or average inventory per canister is then computed as

Legs (i,j) = ITgpg (i,))| CANPZ(m) (2-4)

where CANPZ(m) is the number of canisters in a particular EBS region, m_ It is this averaged inventory
that is used in Eq. (2-2) to calculate the release.

If a drill borehole does not hit a waste canister in the EBS, then no waste materials are released
to the ground surface from thic rapartment. It is assumed that there is no contaminated rock in the EBS
and that the only source of w - materials in the EBS comes from the waste canisters.

In the second case, the drill bit may or may not intersect a waste canister, but does pass through
rock that has been contaminated by migrating radionuclides. Similar to the first case, contaminated rock
from the RC is lifted to the surface by the drilling fluid or the drill string. Further, as in the EBS,
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radionuclides are ailowed to decay and migrate into and out of the RC. These inventories are computed
for each of the drilling events, the details of which will be discussed in this report. It is assumed that
these radionuclides are uniformly distributed in the RC region. This means that the consequence of
excavating contaminated rock in an RC region from a single borehole is equal to the total inventory in
the RC region at the time of the drilling event, multiplied by the ratio of the area of the borehole to the
area of the region of the EBS overlying the RC. In DRILLO, the equation for the magnitude of the
quantity of nuclear material deposited on the ground surface from a borehole penetrating contaminated
rock is

Qe (1sk) = Ipe (1) *[ Byl EBSZ,, . ,(m)] (2-5)

where Qg (i,j,k) is the amount of nuclide j, in chain number i, released by borehole k, measured in
curies, lpe (i,/) is the inventory of nuclide /, in chain number i, in the RC associated with a specific

region of the EBS. B, is the cross-sectional area of the borehole, and EBSZ,,_ (m) is the cross-sectional
area of the m™ EBS region.

Similar to the ERS inventories, a disti iction is made between the inventories of radionuclides
in each RC region. This is done by computing the release rate of nuclides from the RC to the AE on a
per-region basis, and the input rate of nuclides from the EBS to the RC. Specifically, this is done by
using data from NEFTRAN, FLOWMOD, and SOTEC. For each RC region, the concentration of
radionuclides, as a function of time, in the RC is input from NEFTRAN, and the groundwater flux, as
a function of time, from the RC to the AE is input from FLOWMOD. The product of these two quantities
gives the magnitude of the efflux of nuclear material from each RC region into the AE. As previously
discussed, on a per-EBS-region basis, the amount of radionuclide inventory leaving a specific EBS region,
as a function of time, is input to DRILLO from SOTEC. This provides a source of nuclear material for
the underlying RC. Thus, for each drilling event, the migration of nuclear material into the RC, from the
EBS, the migration of nuclear material from the RC into the AE, and the decay of the nuclear material
within the RC are all accounted for. Details of the NEFTRAN code are given in Olague et al, (1991),

The total amount of radionuclides released to the ground surface is the sum of the quantity
released by a canister hit and the quantity released by contaminated rock removal for all drilling events.
That is

Nbor

Release(ij) = Y [Qgas (bhk) + Qpe (k) | (26)
k=]

where Release(i,j) is the amount of nuclide j, in chain number i, released due to all borehales. Nbor is
the total number of boreholes occurring during the 10,000-yr life of the repository. Note that Qg is

taken to be zero unless a canister hit is simulated. The time at which the release occurs is taken to be the
time of the earliest drilling event, These data are then output to AIRCOM for prediction of human dose.

2.4 RADIONUCLIDE INVENTORIES

As discussed previously, the radionuclide inventories in all canisters in all regions of the EBS
are assumed to decay at the same tate. However, due to different rates of transport of nuclear material

2-7
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between the EBS and RC and the RC and AE, for each region, the inventories at an instant in time will
be different in the seven regions of the repository, DRILLO calculates the radionuclide inventory, as &
function of time, for each EBS and RC region. The inventory in an EBS region is equal to the initial
emplaced inventory modified by decay and production and reduced by the flux and cumulative release
to the RC. The SOTEC module of the TPA code predicts the flux and release to the RC for each region
as a function of time. Application of the Bateman equations to this initial emplaced inventory and to the
SOTEC output data yields the current inventory in an EBS region. The inventory in the corresponding
RC region is the cumulative flux in (given by SOTEC), modified by decay and production and reduced
by the cumulative flux out to the AE (given by NEFTRAN). In this manner, the inventories, at the instant
of a drilling event in a given region of the repocitory are calculated.

The equation for the tinc variatio 1 of the inventory in either the EBS or the RC compartment
is described by an ordinary differential equation:

= - ) 2-7
dijde = - A L+ A L+ M) @7
where /, is the inventory of nuclide /, in the given comparrment A, is the decay constant for nuclide J,
and M (f) is the rate of mass injection or removal of nuclide j. The solution of this equation with
M(r) = 0 and with initial conditions L(0) = I yields the Bateman equation whose solution is designated
by

I(t) = B; (£ Aploply.,) )

As a series of coupled, linear, ordinary differential equations, the solution for this simplified set of
equations gives the inventory of nuclide /;, in terms of the initial inventory of nuclide /y;, and the sun:
of the inventories of the parent nuclides in the chain, if any.

The solution of Eq. (2-7) for the compartmental inventories, with an arbitrary time fun:tion
representing mass injected and removed, may then be represented as a superposition of the chain decay
problem of Eq. (2-8) and the solution to the Bateman equations for a mass source term applied over a
finite time interval. Then, for an EBS region, the inventory of nuclide, j, at time, ¢, is

L(t) = B (6 Iy}, - Z B ((t-t;) BtFyuh)] k=1, ..j (2-9)

where F,, represents the flux of nuclear material out of the EBS region over time increment /. In a RC
region, there is no initial inventory, thus Eq. (2-9) reduces to

L
I(t) = El B[ (t-t) AtFphy] k=1, . (2-10)

where F,, represents the net flux of nuclear material to the RC region.

2
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The initial inventories for a canister are input data to DRILLO. These data consist of the

number of nuclides, the name of the nuclide, the number of nuclear chains, the nuclide’s initial inventory

.' in terms of curies, and the nuclide's decay rate. The net flux data are provided to DRILLO from SOTEC,
NEFTRAN, and FLOWMOD, as previously discussed.

2.5 PROBABILITIES

For a given number of drilling events, three different random numbers are generated for each
borehole. These are the time of the drilling event, the region of the repository into which the borehole
penetrates, and whether a drill bit has hit a canister. The values for these random numbers may be read
from the LHS Global Data Input File of the TPA code if DRILLO is being run as part of the TPA code.
In standalone mode, these numbers are calculated within DRILLO using a random-number generator.

The time of a drilling event for a borehole, &, is a random number which may range in value
from 100 to StpT (StpT is a variable representing the duration of the simulation and defaults to
10,000 yr). When DRILLO is operated as part of the TPA code, these n times (where n is the total
number of drilling events) are read frem the LHS input file in units of years. If DRILLO is run in a
standalone mode, then n random numbers between 0 and 1 are sampled from a uniform distribution and
then multiplied by the length of the regulatory period.

The procedure for determining the region of the EBS into which a borehole falls is a
combination of a random number and a transformation that maps the normalized area of the repository
to a one-dimensional (1D) data set. As discussed previously, the cross-sectional area of each region of
the EBS is calculated. Each area is then normalized by the total area of the repository. These normalized
areas are used to create a series of intervals that form a number line ranging from 0 to 1. That is

interval(0) = 0.0
interval(l) = EBSZ,,.(1) / TOTAL,,,,
interval(m) = interval(im-1) + EBSZ,,, (m) / TOTAL,,,,

where m ranges from 2 to the number of EBS regions. The EBS region into which the borehole penetrates
is then determined by comparing a random number between 0 and 1 to the intervals defined above, or

if interval(i-1) < R(k) < interval(i), then borehole k lies in EBS region i
where i=/, ... the maximum number of EBS regions, and R&) is a random number between 0 and 1.

The probability of a canister hit is based on the assumption that the canisters are uniformly
distributed within the region of the repository; and that the canisters are vertically emplaced. For any
drilling event over a region of the repository, any one of the CANPZ(m) canisters in the EBS region, m,
may be hit. It is further implied in this analysis that only one canister may be hit by a single borehole
and that all canisters are available for drill bit impact for each drilling event. The probability of hitting
a canister in an EBS region, m, during a drilling event, k, is then calculated as

T D it At e o L I AR - T T e T T T S R T T T N TR R P e e N U | SA——-



T —

P,(m) = [CANPZm) + A,)/EBSZ,,,(m)
(2-11)

A, = n (Radius + Radcan)

where radius represents the drill bit radius, Radcan is canister radius, and A4, is the conservative estimate
of the intersection area of a drill bit with canistzr. With both P, (m) and the region, m, of penetration of
borehole, k, known, a canister hit is defined to oceur if a random number (ranging from 0 to 1), called
the hit indicator, is less than or equal to the probability of a hit in that region. Symbolically, this is
represented as

if hit(k) < P,(m), thea H(k) = 1, a hit is registered
if hittk) > P,(m), then H(k) = 0, no hit registered

where hit(k) is the hit indicator, which is a random number, and H(k) is the hit register, which is 1 for
a canister hit and O for a canister miss.

2-10
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3 DRILLO SOFTWARE DESCRIPTION
3.1 SOFTWARE CAPABILITIES AND SALIENT FEATURES

The DRILLO computer code consists of two modules which are run independently of each
other, sharing data through data files stored on disk. These two modules are the DRILLO1 and DRILLO2
codes. DRILLO1 calculates the three parameters for the drilling scenario. As previously discussed, these
three parameters are the time of the drilling event, the region of the repository into which the borehole
penetrates, and whether a drill bit has hit a canister. DRILLO2 calculates the consequences to the AE of
hits by boreholes on canisters and/or of the removal of contaminated rock by a borehole, in terms of total
release of nuclides to the ground surface.

DRILLO! and DRILLO2 may be run as part of the TPA code. In this mode of operation,
DRILLO1 and DRILLO? interact with the other modules in the TPA code through data files. Figures 3-1
and 3-2 display schematically the interactions between DRILLO and the other modules of the TPA code.
in particular, DRILLO! supplies SOTEC data on the total number of canister hits in an EBS region and
the earliest time of the drilling events in an EBS region. DRILLO! then reads data from files created by
the TPA Exec code and FLOWMOD. The TPA Exec code provides DRILLO! with sample data for the
number of drilling events (Nbor), the radius of the boreholes (Radius), and for each borehole, a region
number [R(k)] and a hit indicator number [hir(k)]. TPA Exec also supplies data on the independent
parameters of the number of EBS regions (m), the waste canister radius (Radcan), and the number of
canisters per EBS region [CANPZ(m)). Complete details of the DRILLO! Parameter Map File
(DRIMAP.DAT) and the Global Data Temporary Input File TPA_DR1.DGD are given in Sagar and
Janerzke (1993). FLOWMOD provides data on the total cross-sectional area of each EBS region and ihe
depth of the unsaturated zone beneath each region of the EBS.

DRILLO2 reads input data from DRILLO1, SOTEC, NEFTRAN, FLOWMOD, and the TPA
Exec code. DRILLO! supplies information on the radius of the borehole, the radius of the waste
canisters, the total number of drilling events, and, for each borehole, data on the time of the event, the
region number for the borehole, and the hit designator number. In addition, DRILLO1 supplies for each
region of the EBS, data on the number of canisters emplaced, the depth of the unsaturated layer, and the
cross-sectional area of the EBS regions. SOTEC supplies data on the temporal distribution of the flux of
radionuclides from each region of the repository, NEFTRAN supplies data on the temporal distribution
of the concentration of nuclides in the RC underlying each EBS region. FLOWMOD supplies data on the
magnitude of the flux of groundwater from the RC to the AE. The TPA Exec code provides data to
DRILLO?2 through the TPA DR2.DGD data file, whose complete description is given in Sagar and
Janetzke (1993).

DRILLO! and DRILLO2 may both be run as standalone programs. Figures 3-1 and 3-2 display

the necessary input files for each code in order for them to be run as standalone programs. The details
of these data sets are presented in Section 4 of this report.

32 SOFTWARE LIMITATIONS
The DRILLO codes have no specific computational limitations, The codes are currently

executable on CRAY, VAX, and SiliconGraphics machines. The source codes are written in standard
FORTRAN 77 syntax. It is assumed, however, that the existence of various input files (schematically
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DRILLO1 PROGRAM

opnfil  f=3— DRILL1.IN
| RDENV 1 ,
| el opafi FLOWMOD.INP
U of opnil ooy TPADR1.0GD
| il [ opnfil feg—od LHS File
| & RDMAP
opniil MAP File
| SETUP
| i
| opnfil et DRILLT.OUT
| f
| ECHO1 == DRILLT.OUT
| 1
SUM
| it 9
| D20UT [—&=  opnfil [~ dr1dr2.dat|
! SOTOUT [~ opnfil [ drisot.dat
| {
ECHO2 |—————> DRILL1.OUT

R R T A i S SmS e g vy

ANALYST CREATED FILE
FLOWMOD CREATED INPUT

TPA CODE CREATED INPUT
- TPA MODE FILE

TPA MODE FILE

DRILLO2 INPUT FILE

SOTEC INPUT FILE

Figure 3-1. Call sequence and input files for DRILLO1 program
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DRILLO2 PROGRAM

RDRUN [——&= opnfil e~ dr1dr2 dat ~ DRILLO1 CREATED INPUT
RONUC Pt opnfil  fecd—i dr2nuc.dat ~ ANALYST CREATED INPUT
RDMOR |-==—c= opnfil et~ TPA-DR2.CGO ~ TPA CODE CREATED INPUT
opntil = drill2.out
¥
ECHO1 = drill2.out
EBS \ opnfil  pe—— SOTEC DATA FILE
DECAY
RC L opnfil  fed—e{ NEFTRAN DATA FILE
'\l opnfil  ped—f FLOWMOD DATA FILE
DECAY
AIROUT opnlil > AIRCOM DATA FILE
X
ECHO2 drill2.out

Figure 3-2. Call sequence and input files for DRILLO2 program
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Subroutine DECAY

Subroutineg AIROUT

subroutine EFCHO

‘ 8 '\ S22 M suthroutine opnt

1.6 INSTRUCTIONS FOR CODE MAINTENANCCH
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3.8 ARRAY SIZES IN DRILLO2

3.9 UNITS IN DRILLO




4 INSTRUCTIONS FOR DATA INPUTI

4.1 INPUT DATA FILES FOR DRILLOI

$.1.1 Description of the drilll.in Input File
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§.1.2  Description of the flowmod.inp Input File
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INF(
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INLET AND OUTLET AREAS (SQUARE METERS) FOR AREA #4
2.18E5 2.62E5
AREA #4 UNSATURATED LAYER LENGTHS (M) -~ ZEROS INDICATE LAYERS NOT PRESENT

60. a0, 140. 0.0 0.0 0.0 0.0
SATURATED LENGTHS (M) =~ ZEROS INDICATE LAYERS NOT PRESENT
1500. 0.0 2000, 1250. 0,0 0.0 0.0

#ssseraaTHIS [NFORMATION USES BOREHOLE H6 *****PART #5
INLET AND OUTLET AREAS (SQUARE METERS) FOR AREA #5

1.99E8 2.62E5

AREA #% UNSATURATED LAYER LENGTHS (M) =~ ZEROS INDICATE LAYERS NOT PRESENT
60, 70, 0.0 60.0 0.0 0.0 0.0

SATURATED LENGTHS (M) =~ ZEROS INDICATE LAYERS NOT PRESENT

1500. 0.0 2000. 1250, 0.0 .0 Q.0
sessans*sTHIS INFORMATION USES BOREHOLE USW H3 *****PART #6
INLET AND OUTLET AREAS (SQUARE METERS) FOR AREA #6
7.86E5 2.62ES

AREA #6 UNSATURATED LAYER LENGTHS (M) =~ ZEROS INDICATE LAYERS NOT PRESEST
60, 140. .0 0.0 90. 100. 40.
SATURATED LENGTHS (M) ~ 2EROS INDICATE LAYERS NOT PRESENT

1500. 0.0 2000. 1250. 0.0 0.0 0.0
saswess*THIS INFORMATION USES BOREHOLE USW H4 *****PART #7
INLET AND OUTLET AREAS (SQUARE METERS) FOR AREA #7

1.34E6 2.62ES

AREA #7 UNSATURATED LAYER LENGTHS (M) =~ ZEROS INDICATE LAYERS NOT PRESENT
60. 30. 100. 20. 0.0 0.0 0.0

SATURATED LENGTHS (M) - 2EROS INDICATE LAYERS NOT PRESENT

1500. 0.0 2000. 1250. 0.0 ¢.0 0.0

4.1.3  Description of the TPA_DRLDGD Input File

If the DRILLO! computer code is run in TPA mode, then the input file TPA_DRI1.DGD must
exist, This data file is created and maintained by the TPA code. If this data file does not exist, then the
DRILLO! code defaul's to standalone execution mode. Global data read from this file are as follows:

Line 1: Title

Line 2. LHS output filename

Line 3: LHS map filename

Line 4: Current vector number; variable name = Vnum

Line 5: Simulation duration; variable name = StpT

Line 6: Number of repositoty zones; variable name = Nzone

Line 7: Radius of waste canisters, variable name = RadCan

Line 8: Number of waste canisters in each repository zone; variable name = CANPZ(i)

Example of TPA_DR1.DGD file:

GLOBAL PARAMETERS FOR DRILLO

lhacnl .out

drimap.dat

1

10000.0

7

0.4

2335 6150 487% 3675 127% SE4S 1073
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1.1.4  Description of the drimap.dat Input File

Description of the LHS Input File

N

4.2 INPUT DATA FILES FOR DRILLO?2




|  Description of the dridrl.dat Input File




) Description of the dr2nuc.dat Input File

{3 DESCRIPTION OF THE TPA DR2.DGD INPLUT FILI




Description of the Input vile from SOTEC




The following lines are then repeated for each radionuclide:

Line 4. Radionuclide name . + ariable name = NUCNAM

Group 1:  Time of release (in . ars), and magnitude of release of radionuclide (i,j) in curies/year;
variable name = Tnode (I,m), Flux{l,i,j,m)

Lines | through 4 and Group | are repeated for each zone of the EBS.

Example of SOTEC data file:

TITLE: Release rates from SOTEC to NEFTRAN.
1 is the cell number

30 250 um nucs, num bins

CM246
10.000 0.4056539E~03
50.000 0.4056539E~03
90.000 0.4056539E~013
130.000 0.4056539E~03
9890.000 0.4529808E~03
9930.000 0.4518717~03
9970.000 7.4507493E-03

PU242
10.000 0.2541397E-11
50.000 0.2541397E~11
90.000 0.2541397e-11
130.000 0.2541397E~11
170,000 0.2541397E~11
210.000 0.2541397E-11

--------------------

4.3.2  Description of the Input File from NEFTRAN

DRILLO? requires a data input file that contains information on the concentration in an RC
region of radionuclide (/) at discrete times. NEFTRAN creates this data file. The file may have an
arbitrary name; however, this name must be input to DRILLO2 through the TPA _DR2.DGD file if
DRILLO2 is run in TPA mode. Otherwise, this file has a default name of nefdr2.dat. The data read in
from this file are as follows:

Line 1: Title
Line 2. RC zone number for which data applies; variable name = [ZONUM
Line 3: Number of radionuclides for which data exists; variable name = NNBNUC

The following set of data is read for each radionuclide:

Line 4. Radionuclide name and number of discrete times for concentration data; variable names =
NUCNAM, NTNDG

Group 1:  Time of release (in years), and magnitude of concentration of radionuclide (1,)) in curies/m’;
variable name = TnodeG (I,m), CCCil,i,j,m)
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S DESCRIPTION OF OUTPUT DATA FILES

| 3 OUTPUT DATA FILES FROM DRILLO1







OUTPUT DATA FILES FROM DRILLO?Z
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APPENDIX A

ERROR MESSAGES




ERROR MESSAGES

. ERROR MESSAGES FROM DRILLOI

A2 ERROR MESSAGES FROM DRILLOZ




