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REVISED RFP NO. RS-1MS-82-030

ENGINEERS INTERNATIONAL, INC.

EI Proposal No. 313 (REVISED)

. In response to RFP No. RS-NMS-82-030 ' :
{f TECHNICAL ASSISTANCE FOR DESIGN REVIEWS '
‘- Part 1 - Technical Proposal -

i ' 1.0 INTRODUCTION
{ ] Nuclear waste has been generated from military, research,

medical, and power generation sources and still continues to be
generated, so some method of disposing of this hazardous material is

! ultimately essential. At the present time, storage facilities are

| planned in repositories mined underground in various geologic forma-
tions, including basalt, tuff, granite, bedded salt, and dome salt.
Accordingly, the Nuclear Regulatory Commission (NRC), which has the
responsibility for licensing nuclear waste repositories, needs
assurance that all proposed repository alternatives are adequate, or
the deficiencies are identified at an early date.

The NRC has, therefore, issued this RFP to Engineers
International, Inc. (EI), and other organizations, for the purpose of
providing assistance for thoroughly reviewing repository designs,
identifying potential regulatory guidance and needed research.

EI is well-qualified to undertake this work for the NRC since it
has specific and pertinent experience in all required fields,
including High Level Waste (HLW) repository design, mining, civil,
structural, mechanical, electrical, safety, thermomechanical proper-
ties of rock, and others. Also, EI has no past or present conflicts
that might influence its work on this project.

It is not possible in a concise proposal to fully discuss all of
the pertinent technical items in each subject, so EI has decided to
not go into detail on nuclear waste isolation technology, but merely
to discuss the general problems known, and El's approaches to cuch
work. It will be seen in the proposal that EI has a thorough grasp
of the technical problems involved in the Statement of Work items,
and that our approach to this work is well-founded, innovative, effi-
cient, and of a high technical level.

The EI staff have extensive design and research experience in
geotechnical and wining technology and civil projects as their resumes
will indicate. 1In fact, EI has been praised by its clients for
finding practicable solutions to difficult underground investigation
and design projects. A careful reading of the qualifications section
of this proposal «i'1 demonstrate that EI, despite being a relatively
small and new firm, has :turressfully undertaken several major research
and design projects at the foreiiont of technology.

1-1



The personnel, financial, hardware, and phy: : sources are
present at EI to carry out this project for NRC, d we would appre-

fate the cpportunity to do so.
ROACH

oject involving an assesswent of new or undeveloped technol-
mmderground nuclear waste management requires a blend of
practical design and operation: ills and experience that

m found in a single organization. EI, however, is

roughly involved in mining and geotechnical research, as well as

mine operations, equipment evaluations, afety, ventilation, tunnel

ign, and field investigations, that gives us the required

te approach, :

El recognizes the great importance of this project to the
ytional good, and has accordingly taken a very considered and profes-
al approach to this work, which includes thorough and accurate
fcal work, quality assurance, lack of conflict, and responsive
¢t management.

I'EAM

igned what we consider to be exceptionally well
{viduals to this project. The Project Manager i:
assisted by Mr. Francis S. Kendorski, both of wi
ining and geotechnical research and design both industrial
»rally funded projects as we as the design and design review
ts for major tunnel constructi projects and HLW repositories.
ael F. Dunn will be Lead Project Engineer, and he has carried
epository design reviews, mine design, tunnel design, ventil-
{gn, equipment evaluations, mining research, safety, and
nechanics projects. Other available Proje Engineers for multi-
k efforts include Robe A. Cummings, | y1las F. Hambley and Sandip

ikher jee. EI profess 1 st incl ) sons with e

fence in both research ar perational projects in mining design,
1

vent 1
ign, ventil

In addition to the exi ng staff, we have ained the

ation, mechanics in ologic investiga-

vices of Dr. M. Ashraf Mahtab as Ro« anice nsultant, and he

pertinent experience in the wck mechani f nu aY waste repe
{es. Dr. Madan M. Singh, Principal of ant aff Consultant,

naged over 36 i ) jects, so can provide e 1 gerial
to lead to project { ss. Othe
i1

ntacted and their servic al

NGINEERS INTERNATIONAL, INC




il

-———

g

REVISED RFP NO. RS-IMS-82-030

1ibrary holdings, abilities to glean the required information from
various sources, and experience in telephone inquiries on highly tech-
nical items, as well as research dnd industrial contacts maintained

by EI, assure that the project information will be complete in so far
as possible and also up-to-date. e

Methods of numerically analyzing many factors in geologic media
are not well-developed, but El's familiarity with these techtnologies
will assure that adequate analyses are carried out and numerical tech-
niques are applied and developed efficiently.

Quick response could be a project difficulty, but EI has proposed
an efficient management plan for identifying the particular required
review items and assigning them to experienced staff, with careful
fecdback and responsiveness built in.

1.4 CONFLICTS

The RFP specifically states that an important evaluation
criterion for selecting a contractor for this work is the lack of
past or present conflicts or apparent conflicts that could influence
the contractor's work and assessments. EI is proud to be in a posi-
tion on this RFP such that we have no conflicts of any sort that might
jeopardize our objectivity for the NRC and DOE. EI, while fully
qualified in all of the required fields for this project, has not
worked on any projects directly or indirectly related to or funded by
NRC or DOE geologic nuclear waste repository design efforts.

Thus EI can provide services on this project without any possi-
bility of conflict or potential conflict in reviewing our own work
for NRC and DOE, which, we believe, satisfies a very important con-
tractor selection criterion, and is unusal in a firm in our fields of
interest.

1.5 EXCEPTIONS AND DEVIATIONS »

EI has not taken any exceptions or deviated in any manner from
the requirements of the Statement of Work and RFP.

1.6 SUMMARY

El has carefully considered and thoroughly planned an approach
to this project that includes:

e Strong and effective management
e Evaluation of reports and studies

® Assessments of designs in accordance
with 10 CFR 60

-3 ENGINEERS INTERNATIONAL, INC.
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e Identification of any inadequate
components or systems

e Quality Assurance

e Preparation of comprehensive
Task Reports

e Assistance to NRC in meetings,
workshops, and report reviews

In order to accomplish this, EI has assembled an experienced and
knowledgeable project team, carefully thought out the project
requirements of manpower, budget, and schedule, and prepared this
detailed and comprehensive proposal for all project elements.

1-4  ENGINEERS INTERNATIONAL, INC.
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resource interest
e multiple material and engineered
safety features

and much investigation and research are required to satisfy these cri-
teria for overall planning of the suggested sites.

2.3 REGULATIONS

The responsibility for licensing the disposal of high-level radio-
active waste (HLW) in geologic repositories lies with the NRC. The
criteria for approval of a license application are set forth in 10 CFR
Part 60, Under Section 60.130, design of the repository operations
area must include provisions for worker protection which comply with
the Federal Mine Safety and Health Act of 1977 (30 CFR Part 57). The
first draft of 10 CFR Part 60 also required compliance with state reg-
ulations. '

The technical criteria of 10 CFR Part 60 require that the engi-
neered system be designed so that the wastes are contained within the
waste package for the first 1,000 years following emplacement. Follow-
ing this period the function of the waste package and repository is to
control the release of radionuclides from the facility.

2.4 GENERAL GEOLOGIC CONSIDERATIONS FOR REPOSITORY SITING

In any engineered structure, the environment and materials must
be considered as well as their behavior over the expected lifetime of
the project. In a geologic environment, these requirements are
severely handicapped in that the materials are not planned, designed
or controlled in any way. We must work with what is available.

2.4,1 General Site Considerations

The environment of the site must be thoroughly understood and its
relationship to surrounding areas considered. The sequence and distri-
bution of rock units in the area comprise the geologic setting and any
geologic disturbances such as faults, folds, bedding, and joints must
be located and their nature determined.

The site must, for many reasons, be remote from large centers of
population but at the same time be accessible by normal means of trans-
port. The topography and geomorphology of the site must be studied so
that the physical and spatial attributes of the local environment are
known. For example, in very rugged or mountainous terrain, the depth
of burial of a desirable repository site could vary a great deal, com-
plicating access and isolation; in level terrain, the situation is
more workable.

2-2  ENGINEERS INTERNATIONAL, INC.
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If rock units have been faulted or folded, their distribution is
“ore complicated than if only depositional processes have occurred.
However, no matter what the geologic history of a candidate site, it
is necessary to have as complete as possible a knowledge of the geo-
logic structure. Since we cannot see into the rocks, we must probe
them with drill holes or infer their character indirectly through seis-
mic or other geophysical techniques. Since every part of the rock =
mass cannot be viewed or inspected, there is always some element of
uncertainty even in the most thorough site investigations.

Aside from the geometric distribution of the rock types, other
factors must be understood such as stress state, physical properties
and water environment.

2.4.2 Host Rock Types under Consideration

Most schemes for mined disposal envision a single lithologic unit
as the repository site. The types of rock under consideration are ba-
salt, tuff, domed/bedded salt and granite. Site investigations and
pilot projects are currently being carried out at Hanford, WA
(basalt), Los Medanos, NM (bedded salt) and in Nevada (granite tuff)
in the United States and at Asse West Germany (domed salt) and Stripa,
Sweden (granite) in Europe.

Basalt consists of lava which may have flowed some distance
before coming to rest and solidifying. Jointing can be extensive and
i1s often columnar in nature. Basalt commonly exhibits low permeabil-
ity and high strength. Even at elevated temperatures, basalts remain
strong but may expand.

Tuff consists of volcanic ash and sand. Although the material
itself is volcanic, tuff itself is a sedimentary rock. It is variable
in its properties but is commonly a low strength, highly permeable
rock. Deposits of tuff can have great extent and thickness.

Salt is formed by precipitations from land locked brines and
hence is a sedimentary rock. There are two types - domed salt and
bedded salt. Domed salt is formed when salt migrates upward through
more dense overlying strata. It is more homogeneous that bedded salt
and contains fewer fluid inclusions. Salt is commonly a low strength,
low permeability material which flows plastically even at low tempera-
tures and pressure. This plastic behavior is advantageous in that any
fractures which may develop will readily heal. Salt also has better
heat dissipation properties than other rocks.

Granite is formed by the intrusion of magma into a self-formed
cavity generally at great depth. It is generally massive but may be
well jointed. Like basalt, granite is commonly a high strength, low
permeability rock which may exhibit expansion at elevated tempera-
tures.

2-3 ENGINFERS INTERNATIONAL, INC.
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2.4.3 Rock Properties

3 The material ﬁroperties of the tock itself - as dist -t from the
ij discontlnuities present - must be well understood, in the same fashion
as construction materials.

[1 Since excavation in rock results in stress redistribution and
i deformation in and damage to the rock surrounding that excavation, the
strength and deformation properties of the rock must be determined.

1 Since emplacement of radiocactive waste wiil result in heating of the
] rock, these properties must be known at elevated as well as normal
temperatures. :

' Only by :easuring and understanding these properties will we be
able to anticivate the behavior of the mined disposal site throughout
its lifetime a~ well as during construction. :

2.4.4 Rock Mass Properties

[ Rock in place has generally been fractured and deformed over time
‘ by geologic processes. The distribution and properties of the discon-
tinufties resulting from such prncesses are, therefore, as important
l as the properties of the intact rock in determining the behavior of
; the rock mass. Faults are sites of movement and commonly incorporate
crushing and alteration of che rock. Consequently, they can have
physical properties of their own.

Conversely, joints, or cracks exhibit little or no movement.
Joints occur in groups, patterns, and sets and this feature controls
the inhomogenity and anisotropy of the rock mass. The length and
spacing of the joints are important for determining the rock mass phys~-
ical behavior while the number and attitude of the joint sets controls
the directional behavior. Other proverties such as roughness, curva-

{ ture, fillings and termination must also be known as they also influ-
ence rock mass behavior.

2.4.5 Hydrogrologic Considerations

[

It must be assumed that any repository host rock contains water
at depth and that the rock will be saturated. Further, even though
the permeability of the host rock may be so small as to be negligible
for engineering purposes, groundwater movement will be occurring
throughout the disposal peilod. During the selection of a suitable
| repository site, its hydrogeologic properties will be determined
- through direct and indirect investigation methods. These properties

are discussed below.

2.4.5.1 Porosity

s “ The amount of void space or pores within plutonic igneous rocks
is very low. 1In the case of granites, pores typically account for

! 2-4  ENGINEERS INTERNATIONAL, INC.
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only one to three percent of the rock's volume (Krynine and Judd,
1957). Llaboratory measurements of porosity are performed on rela-
tively small rock specimens and do not reflect the volume of fractures
or small cracks contained withi» the total rock mass.

Extrusive igneous rocks, such as flow basalts generally contain
numerous vesicles formed by gases which were entrapped during flow.
Often these vesicles are later filled by zeolite minerals, but basalt
porosities are commonly between 10 and 50 percent. (Davis & DeWiest,
1966) .

Pyroclastic rocks, in this case tuff, are generally quite porous.
Variation of porosity depends on the amount of "welding" that occurs
between the individual grains after deposition. Keller (1960) reports
that within tuffs of the Oak Spring Formation, Nevada, porosities
ranged between 14 and 40 percent. .

Rock salt tends to be massive in structure and have low porosity.
Fluid-filled inclusions are often present but these isolated voids
would not provide avenues for water transport. In bedded salt
deposits, dessicated layers of clay or gypsum, arhydrite, and lime-
stone layers are sometimes present. These beds would contribute to
the porosity of the rock salt mass but are not water bearing in their
natural state.

2.4.5.2 Permeability

Rock permeability is of much greater importance in hydrogeologic
investigations than is porosity because permeability is a measure of
the rate at which water can flow through the rock. Permeability is
controlled not only by the amount of open spaces and their size, shape
and interconnection, but also by the density and viscosity of the
vater itself.

Permeability in rock of the types considered for nuclear waste
repositories is generally controlled by fractures and other discontin-
uities rather than the pores themselves.

At depth in granitic rocks, the included fractures are generally
tightly closed and permeability is very low. Weathering of granites
increases their permeability nearer the surface and such permeable
werathered zones may extend to depths up to about 300 ft in tropical
climates.

In basalts, flow-induced elongation and interconnection of vesi-
cles may produce a very highly permeable rock mass. Also cooling frac-
tures or relic soil horizons between successive flows may produce
zones of high lateral permeability. 1In massive basalts, or where vesi-
cles are not connected, permeabilities may be low.

Because of the lack of interconnection of pore spaces, tuff gener-
ally exhibits low permeabilities. Keller (1960) reported permeabi-
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The introduction of a mined nuclear waste repository and the
attendant boreholes and shafts present the hazard of increased permea-
bility of the rock mass surrounding those structures and would thereby
increase the potential for groundwater flow toward them as well as
vertically through them.

Convection of the groundwater created by heat from the repository e
and altered specific gravity and viscosity of the ground water caused
by increased mineral solubilities would introduce further changes in
groundwater flow. In addition, changes in hydraulic conductivity
through fracture plugging or expansion in the vicinity of the shafts
and boreholes present more complications to the flow regime.

Theoretical methods of modeling the groundwater flow response to
a high level nuclear waste repository have been performed in the
absence of in situ measurements of host rock flow regimes. Methods
pertaining to homogeneous, porous rock and inhomogeneous, fractured
rock are described by Runchal and Maini (1980). '

2.4.5.4 Hydrochemisty

Dissolved solids and gases are present in all groundwater to vari-
ous degrees. In brine solutions found at depth, dissolved solids may
be as high as 300,000 ppm. Dissolved gases are considered to amount
to as much as 100 ppm in most groundwater and greater in some situa-
tions (Davis and DeWiest, 1960).

The chemical constituents of groundwater are not only important
to its density and viscosity, but also to its reactivity with constitu-
ents of metal casings and grout materials used in borehole and shaft
sealing. Changes in the solubility of dissolved solids and gases
would be particularly affected by the temperature increase caused by
the storage of nuclear waste in the repository. Plugging of rock frac-
tures or voids by precipitates, dissolution of certain minerals of the
host rock, or chemical attack of repository seals could result from
changes in hydrochemistry. '

2.4.6 Radiocactivity Considerations

Radioactivity 1s the conversion of atoms of one chemical element
to those of another resulting from the emission of fundamental parti-
cles. These particles are of two types: alpha, which consist of
helium nuclei, and beta, which are electrons. Emissions of beta parti-
cles have associated with them emissions of gamma rays which are very
highly penetrating electromagnetic waves of a nature similar to x-rays
but of shorter wave length.

Fach radioactive substance or “"radionuclide" has a characteristic
rate of decav which is constant., Because of the constancy of the
decay rate ()), any isolated initial stock of a particular radio-
nuclide decays exponentially with time. The rate of decay, N} atoms
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per unit tine, is called the activity of the source of N atoms. The
unit of activity is the Curie (C1) which is a rate of decay of
3.700x10'0 disintegrating atoms per second from a source of a single
radionuclide. (A Curie i{s approximately, but not exactly, equal to
the activity of lg of Radium.)

The half-11fe T of a radionuclide is the time interval in which
the number of atoms and hence the activitiy 1s reduced to one-half its
initial value. The half-life is related to the decay constant as
follows:

1n2
A

the half-life
A the decay constant
In = natural logarithum,

There are two nuclear processes from which energy can be obtained -
fission and fusfon. At the present level of technology, the latter is
not practical. Nuclear fission i1s the process in which a nuclear target
bombarded by neutrons, splits to form two new nuclei of lighter mass
and several free neutrons. Only two nuclides, Uranium 235 and Pluton-
fum 239, are, for practical purposes fissionable by nzutrons of all
<nergies and, of these, only Uranium 235 occurs in nature - Uranium
233 and Plutonium 237 are produc:-d from Thorium 232 and Uranium 238
respectively by neutron absorptisn. The fission process occurs in
more than 40 ways producing fiss on fragments with mass numbers
ranging from about 72 to 160. T ese fission fragments themselves are
highly radioactive and decay in a succession of step involving forma-
tion of other radionuclides.

Spent nuclear fuel has substantial residual uranium and pluton-
fum, so it 1s reprocessed to recover these materials. The material
which is left over from reprocessing is high level waste. The criti-
cal radio- isotopes contained in high level waste are Strontium 90 and
Cesium 137 which have half-lives of 28 and 30 years respectively,
Because of such large half-lives, wastes containg these radionuclides
will remain active for years. More important from the stand point of
geology and hydrology, however, is the fact that Strontium 90 is
highly soluble in water. The maximum allowable concentration of
Strontium 90 in drinking water is 10 pCi/1.

Migration of radionuclides within geologic media occurs by two
means- diffusion and transport. The former occurs with gaseous radio-
nuclides and 1s a function of the porosity of the material. In the
latter case radionuclides dissolve in a fluid and move with the fluid.
The fluid of most concern, in the case of wastes stored in a deep
repository, is groundwater. In order to ensure that groundwater
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2.5.2 Fileld Relationships

B Detailed study of the relationship of the rock units in the field

| and their character and traits allows an anticipation of their form

and geometry. Determination of the absolute and relative ages of

rocks permits an understanding of which comes where. 1In many geologic

{] environments, rocks may be found to grade from one rock type to
another, both laterally and vertically. This is especially important
in analyzing the fracture geometry of rock masses. What may appear to

1 be anomalous and confusing local fracturing often turns out to be a

| variation of a previously understood tendency if the total environment
and rock field relationships are identified.

] Such a knowledge of the field relationships can only be developed

by thorough mapping and subsurface exploration so that all of the rele-

vant data are collected in the beginning and not overlooked or ignored.

By going from the complex and compound to the simple and by conscienti-

ously utilizing in the field the principle of multiple working hypoth-

eses, no important evidences are overlooked.

e

Investigations in the laboratory and office such as petrographic,
mineralogic, and strength studies are also important. 1In this regard,
proper sampling, and knowledge of the sampling technique, is essential.

P‘ 2.5.3 Determining Structural Domains

l In practice, the rock mass--defined as the blocks of intact rock
together with the intervening fractures, joints, faults, bedding

planes, and other discontinuities--that contains the site, as well as

[' the surrounding and overlying rock, must be examined in a systematic

: and detailed fashion. Surficial geology maps must be prepared, explor-

ation holes drilled, and core logged for engineering information. The

: fracturing of the rock mass must be studied to ascertain the three-

| dimensional distribution of fractures and their characteristics, and

L faults located and described. The strength and other mechanical prop-
erties of the rock material, the fracture surfaces, and the fault

" filling materials must be tested and reported for later use by

. designers and planners.

' With this baulc information, and an understanding of the geolopic
l setting, the rock mass can be divided into on¢ or more structural
domains which tend to behave similarly in response to engineering
activities. One must keep in mind that the determination of the struc-
ﬁ tural domains goes beyond the geologic units present, Several lith-
| logic units may be lumped together, whi'e a single lithologic unit can
be divided into multiple domains.
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Proper layout of the exploration program is of critical impor-
tance to ensure that a statistically valid representation of the rock
mass is obtained. The number, location, size, depth, and orientation
of drillholes must be appriopriate in view of directional properties
and systematic geologic variation in the rock mass. Techniques for
evaluating the statistical significance of site data have advanced
greatly in recent years, so that confidence estimates of geologic para- .-
meters are now possible.

1f the local and regional geologic setting is well enough under-

stood, the study for totally buried sites can by conducted using known
geology and the drill core information. Core must be intensively
logged and holes surveyed, but the basic characteristics can be
deduced. '

A necessary part of the inspection is compiling relevent informa-
tion concerning the regional geology of the project. Preferably, this
should be completed beforehand. If the regional geology is under-
stood, many surprises and misinterpretations will be avoided. A
feature seen in outcrop is often more acessible and more readily under-
stood than when examined in isolation underground. Complex, geclogic
environments may have already been described and explained by others.
Very old reports should not be overlooked, as they often contain a
wealth of detailed description though the interpretations may be in
error. In general, the rock types, major faulting, mineralization,
fmmediate aerial geology, and ground water regime should be studied as
thoroughly as possible before beginning an inspection.

2.5.3.1 Rock Types

Differing rock types respond differently to geologic deformations
and rock excavation. The types of rocks expected in the area should
be inspected in outcrop and the geologist or engineer doing the inspec-
tion must become familiar with their characteristics and descriptions,
as well as their variations. Tn igncous and metamorphic terrafns, spe-
cial emphasis should be placed on a study of pegmatite dikes -
occurring, as these apparently minor features can cause major construc-
tion problems. Likewise, solution features of limestone areas should
be well understood.

Present geologic repository concepts consider five rock types as
deposition sites - bedded and domed salt, basalt, tuff, and granite.
These represent a spectrum >f physical mechanical, geological, and
engineering characteristics.

2.5.3.2 Major Faulting
The major faults in the area should be mapped and their detailed

characteristic features ascertained. 1Items such as surrounding rocks,
attitude, and variation over distance and depth are all important.
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2.6 DESIGN CONSIDERATIONS

The geologic disposal of nuclear wastc in mined excavations has all
of the considerations and problems of any other deep underground excava-
tion plus the added problems of heat generation and possibility of
breach. Accordingly, the underground excavatfon needs careful thought
during planning and design, which requires much research and analysis,

2.6.1 CGCeneral Site Location

The physical setting of any considered or proposed site for the long
term storage of nuclesr waste must be very carefully studied so that the
topographic and other impacts on the facility are known. For example, a
minimum depth of burial may be desirable, and in a rugged or mountainous

terrain, the cover above a given subsurface elevation will vary a great
deal. 4

Any nuclear waste isolation siie should be remote for a number of
reasons, and the population density and any cultural or archeological
significance of a site must be determined. In addition, the ecological
and meteorological as well as the hydrological setting mist be known so
that any impact on the planned facility 1s understood.

2.6.2 Access

Since a waste isolation site is to be remote, access may cause a
special problem, and various methods and paths need to be evaluated. The
site is presently envisioned as a deep underground facility so, aside
from general rail and highway access, access to the underground workings
would be by shaft, decline, or adit.

Shaft access has some special considerations such as the nature of
the surface where the shaft sinking activities will be carried out. The
surficial materials must be able to support the loads imposed by the
shaft sinking operations and have the groundwiter situation understood.
The subsurface conditions would of course have to be explored ind the
shaft designed accordingly.

A decline may be used if the topography warrants it and must be
carefully laid out and the conditions explored. The nature of the sur-
face is not as critical, but a much greater length for the scame depth is
necessury, unless the land is mountainous.

An adit in mountainous country provides an efficient means of access
and is substantially cheaper than a shaft or decline. However, full
access by adit means that the repository will be topographically
elevated with respect to some exposed nearby point, so that the role of
gravity
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stabilization of the excavation. This basically depends on the deforma-

tion rate with respect to time of the rock mass around the excavation
and also on the extent to which deformation is allowed to take place.

Some deformation is needed to mobilize the available rock mass .
strength., However, excessive deformations will reduce or even eliminate
the contribution that the rock mass strength can make to a composite sta- .
bilization system. Furthermore, excessive deformation will allow more
of the rock mass to dilate and loosen, and will, therefore, result in
higher 'loads' and problems in terms of stand-up time.

Traditionally, direct rock support, such as steel ribs with
blocking and lagging has been designed on the basis of a "rock load" con-
sisting of some height of loose rock which is "supported" by the ribs.
This implies that complete failure of the rock has occurred to the
height adopted and that stoping and fallout are actively taking place in
the rock.

Terzaghi, In his classical work on tunnel supports, gave rules for
estimating such ultimate rock loads as a function of ground conditions
and the size of the opening. However, he also pointed out that the
extent to which the loads develop depends on the time that has elapsed
between excavation and installation of the support, the adequacy of
blocking, and the development of a "ground arch" in the rock which
results from increased deformation of the rock after excavation.

The actual load on the steel sets depends directly on the deforma-
tion of both the rock mass and the sets. In other words, the sets will
only be stressed i1f the rock mass deforms after the installation of the
sets, and the pressure they exert or the internal surface of the tunnel,
that 1s, their contribution to stabilization, is directlv the result of
the deformation.

Rock reinforcement is inherently a better method of mobilizing a
contribution from the rock mass to the overall stabilization system. Tt
can be used either alone or in combination with other measures depending
on the rock conditions.

Rock reinforcement includes tensioned rock bolts either grouted or
ungrouted, and untensioned grouted rebars. It can be installed either
after excavation behind the face, or before excavation ahead of the
face.

At present there are no generally accepted criteria for the numeri-
cal analysis and design of reinforced rock structures in blocky and
seamy rock. However, a first approximation for rock reinforcement
design can be based on comparison with results obtained in similar open-
ings in similar geological environments. This gives a preliminary
design that can then be checked by using techniques that have been devel-
oped for reinforced concrete beams and slabs, or thick arches and cylin-
ders.
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The major difficulty in pursuing such analyses is to identify rea-
sonable elastic constraints and strength values for the reinforced rock
system. With the increasing accumulation of case histories correlated
to the results of basic research it will be possible to define more
clearly the essential elements of a design code for rock structures.

The effectiveness of a rock reinforcement system depends directly
on having an adequate pattern installed before substatial deformations
take place. In addition to the general improvement in rock mass charac-
teristics, major discontinuities must be held together by rock reinforce-
ment elements of sufficient lengths and spacing to prevent fallouts that
could result directly from these particular discontinuities. Such dis-
continuities require individual analysis and may require additional
reinforcement to that used generally for the rock mass.

If test data are available on the load-deformation characteristics
of the intrinsic rock and typical discontinuities, then an assessment
can be made of the moduli of deformation for the rock mass including
discontinuities. In-situ tests bracketing the best and worst rock can
aid greatly in making such an assessment. Using these moduli of deforma-
tion an analysis can be made of the relative deformations of the rein-
forced rock arch and the surrounding rock mass. Such an analysis can
serve as a guide to the interpretation of the mecasurements of de forma-
tion during construction which are made to monitor behavior and give
forewarning of the onset of potentially unstable conditions.

7.6.6 Permanent Support

Once a stable underground excavation has been planned, the perma-
nent support that may be required to assure long term stability or
provide other service conditions such as hydraulic smoothness, insula-
tion, or shielding. Generally such a final lining or support would be
achieved by cast inplace concrete. The permanent support and lining
would have to be evaluated, analyzed and designed with the function of
the facility in mind.

2.6.7 Rock Mass Monitoring

Because of the many uncertainties that exist in the analysis and
design of underground openings, the rock mass is generally monitored
with instrumentation of some sort to determine its behavior over the
life of the facility. Usually, deformations :re measured by mezns of
convergence pins or bore hole extensometers. Also, stress may be mea-
sured continuously in-situ. TIn this case the thermal behavior of the
rock may require monitoring, but this can be a major enterprise. The
infoirmation from such rock mass monitoring would be used to adjusc the
rock stabilization and support during excavation, verify assumptions

made during the analysis stage, and provide a warning against any poten-
tial instability.
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Design of a shaft involves a nunber of considerations including:

intended use

rock mass properties
expected water inflows
in-situ stress field
groundwater chemistry

2.7.1 Intended Use

There are three basic uses to which a mine shaft may be put -
production, service, ventilation - and an individual shaft maybe put to
more than one use.

In the case of an underground nuclear waste repository, it is envis-
aged that the following shafts will be used

ventilation intake
ventilation exhaust
service and muck removal
waste and backfill
transfer.

The size of the ventilation shafts will be dependent on the air-
flows which they are required to handle. The size of the waste transfer
shaft would be dependent on the method used to traasport the HLW con-
tainers and the backfill. The size of the service shaft must be
adequate to allow for at least four compartments - cage, two skips and
manway. Since mining regulations require two means of escape a small
cage will also be required in the intake ventilation shaft.

2.7.2 Rock Mass Properties and Lining Requirements

The shaft lining must be adequate to oppose the expected rock
loads. Although a number of different types of lining are used in
mining, the best lining for shafts for a repository would be concrete.
(This would certainly be true for the ventilation shafts in any case.)

The thickness of the lining is dependent on the predicted rock load
which is related to the type and condition of the rock. Where the rock
is competent, a nominal thickness of 12 inches is normally ezployed.
When saturated sands are encountered, an impervious sandwich type lining
will likely be required - this would be especially true for a repository
in calt since no water inflows can be countenanced.

Where sedimentary sequences are encountered, it is common to have
more than one type of lining according to the conditions encountered.

2-17 ENGINEERS INTERNATIONAL, INC.




in the «
ted to be

This may

very great,

18 ENGINEERS INTERNATIONAL, INC.




r -

T

heatd

Nt

—

RFP NO. RS-NMS5-82-030

fractures, and including various modeling methods and engineering
mechanics methods on both continuous and discontinuous media allow EI to
develop a full comprehension of the nature of the prime construction
material - rock - and properly assess its anticipated behavior.

In a project involving the long term storage of nuclear waste
materials special problems arise in thermal effects and on the long term
behavior of rock.

By compiling all of these data cn the rock mass, it can be effec-
tively treated as an engineering material and further research and
design studies carried out. EI has a wealth of background data in its
files on the properties and behavior of rcck masses that can be drawn
upon to anticipate the behavior of hypothetical or only preliminarily
proposed sites.

2.8.2 Analysis and Design

Once the rock mass properties are determined, the actual analysis
and design of any planned underground excavation can be carried out.
Since an underground excavation is excavated in a step-by-step sequence
by known or anticipated methods and equipment, EI analyzes the resulting
structure and methods of achieving it at each important stage. For
instance, a very large chamber may be relatively stsble when viewed as a
completed hole, but at some intermediate step, the excavation, owing to
its geometry and position, may be in problem areas.

Special attention is gfven by El to utilize the most efficient
equipment and methods best suited to the job.

In addition to classical engineering mechanics design methods, EI
routinely uses computer assisted mcdeling methods, including Finite
Element Methods, to examine more difficult projects.

2.8.3 Constructability

Before deciding on a definite method and plian fer achieving an
actual underground excavation, the constructability of the proposed
items must be considered. This includes examining in detail the
intended pursuit of the excavation work, the equipment and materials to
be used, the benefits and problems of each, and the effect on any other
steps.

EI has found such a constructability assessment to be very valuable
and bring to light problem arcas in the incomplete structure that
require further analysis.

2.8.4 Performance Assessment

In any engineering pro,ect the loads and resisting elements inter-
act and excessive deformations or flexibility are detrimental as is the
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b In any case, the layout concepts are similar for the various host
rocks considered, and consist of a room-and-pillar mining layout with
the individual rooms grouped into panels. Access to the repositories

F would be via shafts, with at least four shafts to be constructed at a

site- one for men and construction materials; one for waste canisters;

one for intake ventilation; and one for exhaust ventilation.

The extraction ratios for the various schemes range from 8 to about
30 percent. The depth of the underground facility ranges from 2,000 ft
4 in the case of both domed and bedded salt to 3,700 ft in the case of
basalt. The room cross sections are quite consistent fo. the various
schemes with room heights from 16 to 21 ft and room widths from 14 to 25
ft being considered. These room widths are small compared to those
f employed in room-and-pillar operations where the lane-and-pillar concept
is used; however, the widths are consistent with those which can be
driven by a jumbo in a single pass and suggest that single-pass excava-
\ tion is contemplated.

| -

Development, canister placement, and backfilling are to be carried
out in retreat fashion with the rooms most remote from the shafts to be
completed first. The extents of the underground facilities are large -
overall areas range from 1,500 to 2,500 acres.

(- 2.10 REPOSITORY FACILITIES

The repository layout for the storage of radioactive waste under-

= ground can be established by utilizing the principles followed in stan-

l dard room-and-pillar mining layouts. The core of the storage layout can
be the "rooms" with several rooms constituting a repository "panel."

Each of these panels can be established from the submains and can be

intercoanected through the mains underground haulage system. Specifi-

| cally, the repository layout will consist of the following:

Y ® access shaft from the surface to the
repository. This shaft can be used for
hoisting men, material and excavated rock;

¢ a ventilation shaft to provide the necessary
air quantities during the mining operations
for the development of the repository;

® hoisting shaft for radioactive waste;

e waste disposal operations ventilation shaft;

e underground development of mains and sub-
mains;

e development of rooms to constitute
individual panels.

' 2-21 ENGINEERS INTERNATIONAL, INC.
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The service and ventilation shafts could ideally be located in the

center of the property if topographical conditions are suitable. It may v
also be advantageous to locate several ventilation shafts or high

pressure boreholes around the periphery should the need arise for more
veniflation input to the repository.

An important consideration in the repository layout would be to g .
ensure that the mining and waste disposal operations take place simultan-
eously yet completely separately. The latter needs to be considerated
for vital safety reasons. Therefore sequencing development of panels
and emplacement of waste should be such as to minimize the number of per-
sonnel working in controlled areas and reduce the hazards due to radio-
active contamination.

2.10.1 Disposal Rooms

The dimensions of each disposal room should be sufficient to ensure
the emplacement of the required number of canisters. The height of the
disposal room and thr access entry to the submain haulageway should be
sufficient to prov ¢ clearance for the waste canister transport and
emplacement vehicle and for the large hole drilling equipment which will
be used to drill the canister emplacement holes. The length and width
of each room will be dependent upon the number of canisters to be
stored. For a particular room dimension, the number of canisters that
can be stored can be easily calculated if the drill hole pattern can be
established. The spacing of the drillholes will be dependent upon the
minimum thermal loading rate desired. The dimension of each hole will
be dependent upon the canister size . An adequate size entry should
connect the rear of the disposal room to a ventilation drift. Each room
can be connected to the submain haulageway in a herringbone pattern to
minimize turning radius, unsupported roof span and to prevent a direct
line of sight into the room.

2.10.2 Disposal Panels

As mentioned earlier, each panel will consist of a multitude of dis-
posal rooms grouped along the submain haulageway. It will be necessary
to establish a barrier pillar between the first disposal room and the
{ntersection of the main and submain haulageways. A smaller size pillar
between each successive room will assure adequate ground control. The
storage capacity of each panel can be determined from the number of
rooms in each panel. The total number of panels can then be estimated
from the total number of canisters to be stored in the whole repository.

2.10.3 Ventilation Considerations
Since mining and waste disposal operations are intended to be done
concurrently but separately, the design of separate adequate ventilation

systems must take this consideration into account. 1In fact this is the
primary reason why four shafts have been advocated in the layout of the
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repository. The panel in which mining i1s in progress could be supplied

with fresh intake air through the men, material and rock-hoisting shaft. v

The return from this panel could be connected to the suvwain and main

returns which in turn could be linked to the main mining operations ven-

tilation shaft to exhaust the return air out of the system. In a

similar manner, fresh air to the panel in which radioactive waste dis-

posal is in progress couid be provided through the radiocactive waste _ .
disposal shaft., The return air trom this panel could be exhausted from

the waste disposal operations ventilation shaft which could be connected

to the main and submain returns.

Although the returns from the active mining section and the waste
disposal section could be combined and exhausted through a single shaft,
this might cause an overload for a single shaft. The actual volumetric
requirements will be dependent upon the manpower, equipment and cooling
requirements. :

Contamination of exhaust air must be considered and filtration
systems and backups must be included.

2.10.4 Mj tng Equipment
The n ' ing equipment necessary for the development of the reposi-
tory facility can be obtained commercially. The drilling equipment for

the large diameter holes requires careful consideration for an efficient
operation.

2.10.5 Radioactive Waste Haulage

The handling and transport of hazardous waste underground requires
careful selection of an appropriate haulage system. In particular, an
efficient and safe system needs to be employed during the loading and
unloading cycles. It is anticipated that the use of manned vehicles
which will require radiological shielding may prove expensive and heavy
and may not be fecasible on the routine basis. A remotely operated over-
head-crane track system zppears fcasible and 1f adequate consideration
is given to prevent mishap and spillage it could prove to be the most
feasible haulage system, both from an economic and safety viewpoint.

The capacity of the haulage system can be estimated from the total round
trip haulage cycle time per trip. This includes loading times, travel
times (loaded and empty) and unloading times. If the physical character-
isties of the haul route is known and the unloading and loading times
estimated, the haulage system can be adequately sized for the total
number of canisters to be emplaced in the panel.

2.11 WASTE PACKAGE DESIGN

The present waste package system under consideration consists of
two types of barriers, engineered and geological. The engineered
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barriers include the waste canister, fillers, overpack, a sleeve, and a
special backfill. The geological barrier consists of one of several
rock types.,

Waste canister designs now being studied call for a cylindrical-
shaped container made up of any one of several materials. These
materials include stainless steel, synthetic corundum (Al 03). carbon
steel, and copper. In the case of a corundum canister, t;e walls of the
vessel would be 100 mm thick and the canister would have a diameter of
0.3 m. For copper, the canister would have a diameter of 77 cm and the
walls would be 20 cm thick. The canisters now being considered range
from 10 to 16 feet in length, )

A thin filler layer of a suitable material, such as clay, sand, or
crushed rock would be emplaced around the canister.

Surrounding the filler would be an overpack. Materials under con-
sideration include various metals (i.e. titanium), graphite, carbon
materials, glasses, and selected cements.

Next to the overpack another filler would be emplaced.

A hole sleeve to keep the hole open would be placed around the
second filler layer. This may be especially important in the case of a
salt repository. Materials under study for this component include cast
iron calssons, massive shells of cements, or graphite vessels,

A special backfill material (sand, bentonite, crushed rock) would
finally be emplaced to partially or wholly fill in the repository stor-
age rooms, i

The final barrier between the waste and the biosphere is the rock
mass surrounding the emplacement rooms. The rock types are discussed

elsewhere and need not be mentioned here.

2.12 THERMAL LOADING RESULTING FROM HLW STORACE

High level waste is characterized by high levels of penetrating
radiation and high generation rates. It contains virtually all the
fission products and small amounts of actinides (transuranics) such as
Plutonium which are not recovered in reprocessing operations.

Canisters containing 10 year-old HLW will generate a significant
amount of heat - magnitudes from 0.25 to 4.3 kW per canister are given
in the literature. Because of the complexity of the problem thermal
analyses are carried ont at several different scales - canister scale,
excavation scale, and repository scale.

As regards thermal loading on shafts and bore holes, repository
scale analysis is appropriate. However, at that scale, the practical
level of detail is low, particularly in the early design stages. It has
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been shown that one dimensional numerical models are useful for periods
up to 500 years.

At room scale, allowable thermal loadings have been proposed for
domed and bedded salt, basalt and granite, based on closure rates for
salt and pillar safety factor for basalt and granite. These loadings
determine the canister spacing for given extraction ratio in the reposi- --
tory.

Using numerical models, these loadings could be used to predict
thermal loading in the far fileld, and hence loads of shafts and bore-
holes, provided the thermomechanical properties of the rock were known.

The governing equatiorn for one—dihensiongl heat diffusion is

Cp T =Kp?
—~ ;.i

where T = temperature
K = thermal conductivity
p = density

C = specific heat

This equation can be handled numerically by using a finite difference
approximation to the differential equation. It must be pointed out that
thermomechanical properties are temperature dependent. Thus such values
can vary fairly widely from those assumed. In addition, rocks are heter-
ogeneous entities and vary in mineralogical and chemical composition -
another reason for variation in properties.

The temperature at any time after deposition can be evaluated using
the closed form thermoelastic solutions for exponentially decaying heat
sources.

2.13 STABILITY CONSIDERATIONS

The functional requirement assumed for an isolation room is that
access for isolation and retrievability of waste canisters should be
available for 50 years. The requirement does not necessarily exclude
local failure or fracture of rock around the room. However, any failure
resulting from long-term heating must not be violent or other than a
local failure. The failed rock mass should be self-supporting, or
capabie or being supported over the life of the room.
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Several important rock mechanics considerations which must be
included in any study are:

(a) rock joints and their strength

(b) possible mechanisms and criteria for
fatlure of rock mass, including the
phenomenon of thermal spalling

(c) nonlinear behavior of rock mass under
prolonged thermo-mechanical loads--
modeling of progressive failure of rpck
around the room, .

(d) stabilization pressures for iong term
stability

(e) parametric analyses--influence of in
situ stress, rock mass strength and
temperature conditions on room
stability.

The failure conditions that can be tolerated include local fracture
or all-around fracture of rock to a limited dJdistance beyond the peri-
meter of an isolation room such that support requirements are minimal.

Two phenomeologically derived failure criteria can be discussed:
maximum tensile strain and Mohr Coulomb. These criteria are further
related to the possible failure modes (slabbing, thermal spalling and
shear) to be discussed later.

The maximum tensile strain criterion has the advantage of explain-
ing, fairly simply, the longitudinal cracking observed in uniaxial
compression. The criterion can be extended to two or three dimensional
loading but its application to the isolation room stability analysis is
limited because of lack of experimental data. :

The Mohr-Coulomb criterion, though not the only failure criterion
applicable to the brittle fracture of rocks, has the advantage of being
simple and having a large experimental data base.

In conventional mining and tunneling operations, regions which
usually deserve consideration for support include the roof and the
pillar ribs. However, in the case of a radioactive waste repository,
support consideration must also be afforded the floor region, in parti-
cular, the canister drillholes. The support methodology which could be
used in the roof and ribs of the repository isolation room are conven-
tional and are well documented in the literature and quite co=monly used
in underground as well as surface excavations. Support methodology for
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the canister drillholes will, however, require some engineering design
and possibly some engineering development.

In considering the failed rock regions in the isolation room
floors, one should keep in mind that in almost all cases examined, the
region of failure is confined to locations above the emplaced canisters,
In general, the failure of the floor rock in an underground excavation
ts of 1ittle concern since the rock will still remain in place. When
the floor is utilized as a canister storage location, the failed rock
can indeed be displaced into the canister drillholes making canister
retrievability difficult. However, since the failed rock regions are
generally located above the canister, drillhole plugs could be installed
at the canister uppermost end to eliminate any displaced rock from
entering the canister environment. If the amount of displacement (or
closure) exceeded the "tolerance” requirements, sleeves should be
installed in the drill holes prior to emplacement of canisters.

The following conclusions can be drawn from various studies.

(1) Failure of jointed rock mass around a
ventilated room is restricted to the
portions of the room below the springline.
The requirements for support in these
regions are minimal.

(2) The floor area needs further engineering
to ensure retrievability of the waste
canisters.

In the case of salt, there is also creep to consider. A great
variety of creep functions have been proposed; however, to be adequately
representative of actual conditions, the creep strain must be considered
as a function of the applied stress, temperature, and time:

o~
)

¢
£, (0)f, (0)f4(t)
where £ f2' f3 = independent functions
0 = stress
L = creep strain

® = temperature

t = time

It is generally agreed that the most appropriate form for fl(c) is
a pover law of the form
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fl(o) « o"

with n >1. The value of n for rock salt has been found to vary from 2.5
to 7.0 with the most frequent interval being from 2.5 to 3.5

For the temperature function, most investigators have found the
Arrhenius equation fits most experimental data well:

fz(e) « exp(-U/RO)
where U = apparent activation energy
R = universal gas constant = 8.325/mole-K

For polycrystalline halite, U has been found to vary from 50 to 130
kJ/mole when temperatures are increased from 29 to 300°C. .

The time function is the most difficult to express in a form that
would fit all experimental data and enable an extrapolation to be made
to very long time intervals. However, a power law

b
f3(t) « t

with b <1 has been found to be reasonable. For rock salt the range for
b has been found to be from 0.3 to 0.6.

The importance of creep in rock salt cannot be overemphasized. The
use of hot refinery waste to back fill salt mines in Germany has led to
accelerated creep which caused numerous gas and water inflows and rock-
bursts at the time of backfill placement or immediately thereafter.
Accelerated creep is not caused by thermal stress but rather by consid-
erably increased plasticities resulting from the elevated temperatures.

2.15 SHAFT HOISTING SYSTEMS

When access to underground workings is via one or more shafts, a
hoisting system and conveyances are necessary for transport of men,
materials and broken rock. Men and materials are transported in a cage
(not at the same time, however) and broken rock is hoisted in skips.
Hoisting is performed in balance.

There are two basic types of hoist:

® drum hoist on which the hoist rope is
stored during the hoisting cycle

o friction (Koepe) hoist where the hoist

rope is simply passed over the hoist
wheel
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With a drum hoist a single rope is used for each conveyance and for
balanced hoisting a split single drum or a double drum hoist could be
used. In South Africa, multiple drum hoists have been used in very deep
shafts, because the required strength safety factor would not be met for
a single rope in the size range normally used in hoisting.

The friction, or Koepe, hoist was invented in 1877; however, it was --
only with the successful introduction of multiple rope friction hoisting
in 1947, that it began to gain acceptance outside Europe. Generally,
either two hoist ropes or multiples thereof are employed which are con-
nected to the top of one conveyance pass over the hoist wheel and con-
nect to the other conveyance. In addition, either one or two ropes are
connected to the bottom of the first conveyance, pass down the shaft,
around the timbers, and up the other compartment to connect with the
bottom of the other conveyance. The tail ropes are sized to have the
same total weight per tail as the hoist ropes.

Hoist ropes sizes vary from 3/8 in. diameter to 2 3/4 in. diameter.
The former would be used on small compressed air operated tugger hoists
with which the total suspended load does not exceed about 1,300 1b,
whereas the latter would be used for large loads hoisted from great
depths.

Multi-rope hoisting has several advantages over single rope hoist-
ing including:

e smaller ropes can be used for a given load
since the load carried by each rope is less.

e the systems are inherently safer since if
one rope breaks, other ropes are still

available to carry the load

Mine hoisting systems incorporate a number of safety fecatures
including:

e safety dogs to grip the conveyance guides in case.
of hoist rope breakage

e overspeed devices such as Lilly Controllers
e overwind and underwind protection

e brakes capable of restraining a fully loaded
conveyance at any point in the shaft

e emergency braking systems for use In case of
power failure
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As indicated, shaft conveyances run on guides of which there are 3
common types - ropes, wood and steel. Except ir the case of shaft sink-
ing, rope guides are used only for hoisting of broken muck in skips.

Steel guides, fabricated either from hollow structural steel or steel

having a "top-hat" cross-section are used for the high speed hoisting
required in deep shafts - they are preferable to wood guides because s
they can be manufactured and installed to closer tolerance. Witk steel
guldes, however, the normal safety dogs cannot be used, so that steel

guldes can only be considered where multi-rope hoisting is employed.

Drum hoists are ground mounted at some distance from the shaft
determined based on the elevation of the headsheaves ind the maximum
allowable fleet angle at the hoist. Koepe hoists are either mounted
atop the head frame or ground mounted. The height of the headframe is
determined by the height required for skip dumping and the distance
beyond that required for overwind protection - at the required height
crash beams are installed and the sheave wheels (or hoist wheels) must
Le above that.

In a mining situation, the hoisting speed and skip load must be
such that the required tonnage 1s hoisted. Skips are available in
capacities up to about 15 tons. With steel skips, the weight of the
skip is generally about 75% of its payload. By using aluminum skips,
larger payloads can be carried for a given hoist/motor/shaft depth
combination than with steel since the skip weight to payload ratio is
much less - about 0.4 to 1. Skip compartment sizes are not
standardized; however dimensions ranging from 5 ft by 5 ft to 6 ft by 6
ft (inside dividers) are most common. Cycle times from loading pocket -
to dump are commonly about 90 to 120 sec.

Cage sizes vary widely - from 9 man single deck cages in small
exploration shafts to the 250 man double dec! cage used at El Teniente
in Chile. Depending on shat. and level configurations, cages may have
doors at either one or both ends. Doors can be lift type two-panel
sliding type, and the collapsible sliding type (as scen in old.offlce
elevators). The maximum allowable speed for hoisting men is 2,500 fpm
(30 CFR 57.19-61).

2.16 VENTILATION

Ventilation in waste repositories is required not only to provide a
safe and healthy work place, but also to help cool the areas of waste
storage. Ventilation would be forced by fans and the following discus-
sion summaries the main features.

In discussing the place of ventilation in the overall excavation
planning process, it needs to be recognized that ventilation planning is
a integral part of the production process and essential to the achieve-
ment of maximum productivity. On the one hand, the ventilation facili-
ties available impose certain limitations on the production obtainable.
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On the other hand, ventilation requirements cannot be defined other
than fn in relation to a production plan. Therefore ventilation
planning must be consistent with utilization intentions.

2.16.1 Long Term Ventilation Planning

Ventilation requirements affect long-term plarning, and the condi-
tions it iwposes are of fundamental importance in the extensively meclan-
fzed underground facilities. The general layout of roadways will be
decided, amongst other things, by ventilation considerations. But the
s1zes of the roads must be adequate for their varying duties as airways
at diffcrent stages of development. In this connectibébn a choice may
have to be made between initial drivage of a larger number of smaller
sized airways or a smaller number of large cross-section ajirways. In
addition, the use of auxiliary fans during the last few years .~ the
facility life may also be considered.

With current stringent ventilation and dust standards, any ventila-
tion proposal forwarded should be capable of consistently meeting
Federal standards. 1t is imperative therefore that sufficient quantity
of air be coursed through the workings. The assessment of air quantity
may be carried out in two parts: first, the removal of dust and noxious
and explosive gases which are essential for the well-being of the
~orkers and economics is only a minor consideration; secondly, the air
requirements to provide suitable environmental conditions, where econom-
fcs play a major role. In the latter circumstances not only must the
miners working efficiency be considered, but also intangible factors
such as public relations with the workers.

2.16.2 Medium-Term Ventilation Planning

When ordering main fans it is necessary to make assunptions as to
duty requirements perhaps fifty years ahead. The evaluation of specific
details related to ventilation should be made as early as possible and
generally not later than the stage of the five-year layout. Naturally,
the certainty or otherwise with which items can be forcast depends on
the reliability of all data and on socioeconomic factors. Yet, however
uncertain these may be, action to develop workings cannot be deferred,
and this action involves definite decisions as to routes, cross-sections,
etc, Normally the ventilation circulation is calculated on the basis of
quantity of air for dilution of contaminants. Heat dissipation will
also be important in issues of retrievability. In some cases a deciding
feature may be air velocity rather than quantity flowing. Ideally, all
ventilation calculations should be firmly founded on pressure quantity
surveys of underground workings.

2.16.3 Short-Term Ventilation Planning

The latitude possible and necessary in medium term planning is
neicher required nor desirable in short-term planning. In general the

2-31 ENGINEERS INTERNATIONAL, INC.



RFP NO. RS-NMS-82-03C

production objectives are based on the long-term objectives and therefore
the ventilation previously planned should be adequate for the short term
requirements. Yet specific short-term planning is necessary both to
establish various matters of detail and to ensure that all concerned are
aware of the nature and timing of actions for which they are responsible.
This applies both to development of a new panel and tec withdrawal from it
&n old panel. The provision, siting and timing of stoppings and regula-
tors fall into this category of ventilation planning. In addition,
measures te increase effectiveness of the present ventilajon system and
any requirements for local ventilation need to be taken care of.

2.17 DESIGN OF VENTILATION SYSTEMS

A underground ventilation system may be ‘divided into three basic
parts:

Primary distribution system consisting of
main intakes, returns and fan or fans

Face ventilation that consists of the air
circuit from the loading point to the face

Control devices that maintain the airflow
through the desired paths or channels.

72.17.1 Primary Distribution System

MSHA mining regulations require certain minimum worker exposure
levels to radon daughters that are measured by air sampling and workers'
hours in various environments are accordingly limited.

Under Federal Law, a minimum velocity of 60 fpm in working places
s required and respirable dust levels (minue 10 microns) cannct exceed
2 mg/cu.m. average per shift as messured by a standard instrument.
Methane accumulations are not allowed to exceed 1% in the working area.
The minimum volume of air at the last open crosscut has been increased
to 9,000 cfm, with 3,000 c¢fm required at the face. These more stringent
face requirements are coupled with regulations which make distribution
more difficult. Belt conveyors cannot be placed in main airways and the
maximum velocity of air on trolley entries is limited to 250 fpm.

Splitting the air is necessary for safety as well as minimal power
cost. Placing each working section on a separate split insures that
each crev will have a fresh air supply, uncontaminated by dust and gas
accumulated on a previously ventilated section.

The design of main ventilation systems consists of selecting fans,
locating portals, selecting the proper number of entries for the mains,
submains and panels and locating and sizing the required shafts. It
should be kept in mind that, in operating mines, it is common to lose 50
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to 702 of the air between the fan(s) and last open crosscuts on the
working section where the major job of diluting and carrying away gases
and dust is conducted. g

El's background in ventilation system design is both comprehensive
and up-to-date. Present practices in mining and tunneling create an ade-
quate technological base for the assessment of ventilation systems in a
mined waste repository.

2.17.2 Fans and Entries

The main fan 1s often required by law to be placed on the surface
in a fireproof housing, offset at least 15 feet from the line of any
potential mine explosive force. Main fans can be of the blowing or
exhausting type and the advantages and drawbacks for each have been
exhaustively dealt with in several publications. The blowing mode is
generally utilized for special shallow, mountain top applications.

The number of intake and return airways are determined by the total
quantity of air needed to maintain air velocities below certain pre-
scribed limits. Usually, main intakes and returns are designed for
waximum air velocities of between 600 and 800 fpm. while in chafts a
velocity of 2,000 to 2,500 fpm is acceptable. While power costs are the
primary factor limiting air velocities, high velocities on intake air-
ways do produce dust contamination. This number may be influenced by
ground control and safety considerations.

2.17.3 Face Ventilation

The principal ventilating methods used to control dust and gas in
nining systems can be classified as conventional or secondary ventilating
systems.

In conventional face ventilation, brattice or ducting is used to
direct fresh air toward the face (blowing system) or exhaust air away
from the face (exhausting system). It is apparent that although the
blowing system is good for gas control, it adversely affects dust con-
trol as dust laden air passes over the equipment operators.

When carefully used, ventilation can be effective against gases or
dust. However, proper use of brattice or ducting to achieve good venti-
lation is burdensome and difficult to maintain near the face and has
reduced productivity. A well erected minimal leakage exhaust brattice
system may provide better performance than an equal capacity of the
exhaust tube type. But maintenance and keeping the brattice close to
the face is difficult and hence the drawback of exhaust brattice
systems.

2-33  ENGINEERS INTERNATIONAL, INC.




‘ RFP NO. RS-NMS-82-030

oo In general, for exhausting systems, the intake should be as close as pos-
sible to the face of an effective application. Dust and gas reduction
is believed to be much morve effective by moving the brattice closer to
the face than by increasing the amount of face ventilation. When sec-

; tions are still ouc of compliance it may necessitate some form of secon- -
dary exhaust system. )

} 2.17.4 Ventilation Control Devices

Control devices used to course the air through the facility are
stoppings, overcasts and regulators. Stoppings are walls constructed to
separate intake and return airways. Overcasts permit the crossing of
P intake and return air. A secondary use of overcasts is to balance pres-

sures in separate parallel return entries. Regulators are used to con-
trol and redistribute the airflow through the facility. They usually
consist of a frame with a sliding door and are arranged so that each
1 split is controlled by one regulator.

2.17.5 Ventilation Surveys

i If ventilation i{s to be continuocusly maintained, monitoring is
necessary, requiring ventilation surveys.

| In order to plan improvements and evaluate effectiveness in ventila-
tion systems according to engineering practice rather than by trial- and-
error methods, complete information must be available on the quantities

{ tlowing in various parts of the system and on the rates at which pres-
sures produced by fans and natural drafts are used up on the major
airways. Quantities and pressure differences together determine where

3 the horsepower applied to the system is used and where changes can be
l made economically.

All repository systems should have provisions for ventilation sur-
l veys or monitoring.

2.18 COOLING OF FACILITY AIR

[ The thermal environment in hot mines or heat-generating facilities
has & major influence on productivity, safety, and equipment. It is

l recognized that wet-bulb temperatures below 84°F are generally satisfac-
tory, in that acclimatized workers will be reasonably alert mentally and

s able to work under hot conditions at almost peak productivity and in
complete safety from a physiological point of view.

1 Improvement of ventilation with respect to thermal effects can be

achieved efither by increasing the air velocity, thus the air quantity,
’ or by decreasing the temperature or a combination of both,
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The proposed waste disposal systems generate considerable heat
which must be dissipated by either heating the surrounding rock or by
using ventilation air.

Also, it is well known that the virgin rock temperature increases
with depth. The temperature at a given working face will depend on the
temperature and velocity of the incoming air and on the amount of heat
transfecred to the air by rock. Both wet and dry bulb temperatures of
the intake air will themselves increase due to autocompression as air
descends a shaft. Since it is desirable, as stated previously, that the
wet-bulb temperature of the incoming air not exceed about 84°F, a criti-
cal depth will be reached beyond which, heat must be removed. This
depth will vary from one mine to another. As stated before, air
arriving at the shaft station on this level will be at the critical tem-
perature and additional heat will be picked up before the air reaches
the working face.

To reduce the wet-bulb temperature of that air, some means of
refrigeration is required. Several methods of cooling can be used:
vapor-compression refrigeration systems, water to air heat exchangers
(cooling coils) and direct spray chambers.

2.18.1 Vapor-Compression Refrigeration System

A suitable refrigerant substance circulates continuously through
vapor-compression machines. It enters the evaporator as a liquid and is
vaporized, the heat required for this coming from the air which is being
cooled. The resultant vapor then enters the compressor where it is com-
pressed to a higher pressure and then discharged to the condenser. 1In
the condenser, the refrigerant vapor is cooled and condensed to a
liquid, the latent heat which 1s released in the process of condensation
being transferred to the circulating condenser water. The liquid refrig-
erant leaves the condenser and passes through an expansion valve before
once again entering the evaporator.

2.18.2 Cooling Towers

If the water heated by the refrigerant in the condenser is to be
recirculated through the condenser, it must be cooled. This can be
accomplished in a forced-draft, counter flow cooling tower in which the
hot water rejects heat to the exhaust air which is being upcast out of
the facility.

Air velocities in underground cooling towers vary between 8 and 25
fps. Increasing the air velocity increases the retention time of the
water droplets. However 1f the air velocity exceeds 25 fps the carry-
over of he water droplets is large.

Towers are usually designed tc cool the condenser water by 12° to
16°F. - The water flow rate in the tower therefore depends on the amount
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of heat to be transferred. The actual water-air ratio, L/G, in existing
towers varies from 0.5 to 2.5.

The design of cooling towers 1s complicated because of the number
of factors which must be considered. The actual characteristics of a
tower can only be fully determined by testing.

2.18.3 Cooling Coils

Cooling coils are used to transfer heat from air to the chilled
water. Performance of cooling cofls can be analyzed in a manner similar
to that employed for a vapor compression refrigeration system. However,
heat transfer at cooling coils is more complex since heat is transferred
both by convection and condensation. A satisfactory approxination for
mining purposes is to consider the difference betweea the wet-bulb
temperature of the air and the water temperature as the driving force
for the heat transfer. Total heat trausfer i1s the product of the heat
transfer coefficient, the area of heat transfer, and the log mean tem-
perature difference.

2.18.4 Spray Chambers

Chilled water could be used directly to cool downcast intake air in
a spray chamber. This method employs the same principle as the cooling
towers mentioned previously except here water is cooling the air.

This method has the disadvantages that it requires a fair amount of
space and that the cooled air can pick up heat before reaching the
working faces especially if the spray chamber is remote from the faces.

2.18.5 Elements of Typical Heat Exchangers

The evaporator in a vapor-compression refrigeration system usually
consists of tubes in the path of the moving air. It can be operated at
pressures from 0 to 500 psi and the overall heat transfer coelficient,
U, is usually found in the range of 2 to 10 Btu/hr °F per square ft of
heating surface.

The condenser in a vapor-compression refrigeration system can be
either a shell-and-tube type or double tube exchanger and has an oper-
ating pressure range of 0 to 500 psi. The heat transfer coefficient, U,
is usually between 80 and 250 Btu/hr-"F per square ft of heating sur-
face.

Air coolers can be either shell-and-tube type or tubes in the path
of the moving air. Both types have an operating pressure range of
between 0 and 100 psi and a "U" value between 2 and 10 Btu/hr-F per
square ft of heating surface.
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2.19 POWER DISTRIBUTION

Primary power distribution for underground mines is generally
supplied by a substation located at the surface, which transforms public
utility supplied voltages of 69 kV to 115 kV to 4.16 kV to 13.8 kV for
use in the mine. Transmission of the purchased power to the face is
accomplished through this su:face substation, several intermediate sub- -~ .
stations or distribution boxes, and cables to underground equipment.
Power is taken underground by one or more mine power feeders supplied
from breakers at the primary substation Feeder catles are thus high
voltage cables ard are of special construction. It is fed down a steel
cased borehole to a portable underground switchgear in the mine. There
may be several of these with branch circuits to feed power to all sec-
tions of the mine.

.

2.19.1 Underground Switchgear

There are one or more switch gears underground connected to the sur-
face substation depending on the size and extent of the mine. In a mine
sectionalized by switchgear, the main function of this equipment is to
protect the other sections of the mine from short-circuit interruption.
It is often a skid-mounted metal encased box of flame-proof construc-
tion. It is possible to lock out power during maintenance to prevent
accidents due to inadvertent energizing. The incoming and outgoing
cables are connected to the switchgear through cable couplers to facili-
tate movement of the switchgear mechanism without removing the cables,
Most couplers are of multipole type with contacts of staggered lerngth to
insure that the ground circuit is completed first, the phase circuits
completed second and the pilot circuit completed last. The reverse pro-
cedure is followed during disconnecting. The purpose is to ensure that
the power conductors are not energized when contact is being made or
broken., This feature minimizes the chance of electrical ignition
through arcing and protects personnel from electrical burns.

2.19.2 Underground Mine Transformer Stations

The incoming substation voltage is transformed here to the utiliza-
tion voltage between 480 and 1,000 volts. From here, the cables for
different mining equipment are taken. This can alsc be a skid mounted
unit of permissible construction. The essential parts consist of an
incoming line, primary voltage compartment, a dry-type air cooled trans-
former, and a low voltage panel board of air circuit breakers. Dry type
transformers are used instead of the oil-filled type or other liquid
filled type to reduce the fire or explosion hazard potential.

2.19.3 Capacitor Pack
The fluctuating nature of mine loads at the face result in adverse

power factors necessitating the use of capacitor packs. They can be
skid mounted and connected to the transformer stations or built into the
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latter. They correct for power factor outby of the transformer station,
before the power is transmitted to the equipment.

2.19.4 Distribution Centers

Power from the transformer stations is fed either directly to the
machine trailing cables or to distribution circuit centers located away
from the transformer stations. Using this equipment should be limited
except where absolutely necessary because of voltage regulation problems.
These machines are skid mounted and are of explosion-proof construction.
Instantaneous tripping circuitry is provided here as these are the last
circuit breakers in the distribution system.
2.19.5 Grounding Circuits

-
-

Since electrically powered equipwment pose a potential shock hazard,
each plece of equipment is grounded through special conductors with its
cable. Most mines practice frame grounding of electrically powered
equipment and grounding of electrical equipment enclosures. In most
cases a continuous metallic grounding circuit is carried throughout the
electrical power system from substation groundbeds to secondary trans-
former groundbeds and finally to the end equipment powered by the
system.

2.19.6 Batteries and Battery Charging Stations

Much of the modern equipment uses batteries as the electrical power
source instead of a trailing cable or a trolley wire to do away with the
nuisance tripping of a.c. circuit breakers. Batteries and the associ-
ated underground charging stations are hazardous in the sense that
batteries emit explosive hydrogen gas during charging, are capable of
delivering a shock, and are a potential fire hazard. Batterles used are
usually of the lead-acid type.

Batteries are charged at underground charging stations. These con-
sist of a transformer-rectifier combination and receive their power from
the main a.c. distribution system in the mine. Most accidents occurring
at the battery charging stations are due to improper grounding of the
charger frame. It should be properly insulated. The secondary windings
of the transformer and all d.c. components should he isolated from the
svstem ground. The power rectifiers should have over temperature
relays. Proper ventilation should be provided to dilute the hydrogen
gas liberated during charging. The equipment must also be protected
from short circuiting and arcing to prevent ignition of the flammable
gases.
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2.20 ELECTRICAL EQUIPMENT AND MACHINES

Several different types of electrical equipment and prod.ction
machines: are supplied power from the main distribution circuit and all
these equipment and machines have to be evaluated in terms of permissi--
bility and safety.

2.20.1 Trailing Cables

A majority of underground mining machines receive their power
through trailing cables. They typically carry power up to 1,000 v but
are rated for 2,000 v. These cables should be of adequate length
(usually up to 500 ft) and current carrying capacity. The cable must
have an outer sheath of rubber or equivalent material that is highly
resistant to abrasion, moisture, and flame. ' The cables must be properly
fnsulated to prevent short circuiting and arcing. :

A wire bushing is used to the place where the cable is connected to
the machine to prevent abrasion of the cable and the clearances when
going into the machine should be small enough to maintain the flame
proofing of the machine. Also, strain relief clamps must be used in the
connections to prevent the cable being pulled out of the machine.

Cables are genr-ally very rugged and can withstand a great deal of
abuse. However, ai extremely local stress such as crushing, pinching,
or abrading can result in immediate or eventual need for splice repair,
becauce a broken cable can be a source of shorting or arcing, thus
causing a fire or explosion hazard, and also electrocution of personnel.

A permanent trailing cable splice must be mechanically strong, flex-
ible, well insulated, and sealed against moisture. The conductors must
be joined together with suitable connectors. It must be flame resistant
to prevent catching fire due to a malfunction in the splice. Any splice
which is hot, smoking, sparking, or damaged must be repaired immediately.

A typical d.c. power distribution circuit consists of a feeder and
trolley wire with a ground rail for return. Trolley wires are operated
at a potential of 300 v d.c. or 600 v d.c. with respect to the grounded
return through the rail. Becsuse the conductors are exposed, the system
is vulnerable to faults caused, for example, by accidental contact of
the trolley wire with a ground path. The current flowing in these
unwanted paths may be much less than normal load currents, but can be
capable of starting a fire due to arcing.

In addition to the fire hazard, all trolley wire installations are
guarded to reduce the hazards of electrocution.
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Nips are used to supply power to auxiliary electrical equipment
from the trolley wire. Trolley nips are also a potential hazard due to
arcing problems. They should be provided with proper grounding and
return clamps.

2,20.3 Electric Motors

Electric motors, whether a.c. or d.c., are integral parts of all
electrical equipment and are the main prime movers. Integral horse-
power, polyphase indruction motors are the most common type of motors
used, of which the squirrel-cage type is the most popular. Usually oper-
ating voltages of these motors are of the order of 550 v, though the
trend 1s towards higher voltages. -

The motors must be enclosed in flame-proéf enclosures to prevent
ignition of methane from cparks inside the motor. Protective devices
used in conjunction with motors are fuses, circuit breakers and overload
delays.

Starters must always be used with a.c. motors in order to avoid the
high current requirements of ordinary starting which causes voltage regu-
lation problems and possibly a hazard.

2.20.4 Mining Machines

Most of the electrically powered machines used underground are opera-
ted by an electric motor, either a.c. or d.c., supplied from a trailing
cable, battery, or trolley wire. Most of these electrical systems have
been approved by the Mine Safety and Health Administration.

These include hydraulic drill jumbos, tunnel and raise boring
machines, mining machines, such as continuous miners, underground hyd-
raulic support systems, load-haul-dump units, slushers, shuttle cars,
belt conveyors, rail haulage, pumps, and auxiliary fans. Each of these
types of machinery has particular safeguards related to 1nsulatinn and
fire prevention.

2.20.5 Flectric Blasting

All blasting cables or wires leading from the source of power for
electric blasting to the working face must be installed on insulators or
wooden plugs. They should not come in contact with metallic objects
like pipes, rails, electric power wires, fans, drill steel, and so on.
Blasting switches, boxes and reels should not be closer than 20 ft from
any electrically operated machine.

The wires of the firing cables should be shorted at the blasting
switch while the leads from the blasting caps are being connected to the
firing cable. These wires should be disconnected from the blasting with
only during short firing.
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A separate blasting generator or other power source should be
supplied for ecach working where electric caps are used. Parallel blast-
ing lines feeding different areas must be separate as far as practical.

2.20.6 Ancillary Electrical Systems

Ancillary electrical systems include communication equipment such
as telephone and lighting.

2.20.6.1 Communication Systems

Adequate and reliable communication systems are an essential part
of mine safety and production. Federal law requires telephones to be
installed at each underground landing and congected to the surface and
in each working section more than 100 feet away from the mine portal.

The telephone system is powered by either a 12 v or a 24 v syétem.
A voltage of 24 v is considered to be a safe under gassy and dusty oper-
ating conditions.

The cables used depend on the number of telephones installed, the
total length of the cable run, the configuration of the branch lines and
available battery voltage. Cables should be properly insulated and
installed in track entries and should be hung on the remote side from
the trolley wires so as to prevent short circuiting. Tt should not run
close to the power conductors as far as possible. Lightning protection
must be provided for telephone circuits going undcorground. Cable connec-
tions must be properly insulated using electrical tape. Fuses are
provided in the circuits to provide added protection against overcurrent.

Crounding for the telephone circuitry must be provided and such
cables must at least be of the same cross-sectional area as the conduc-
tor cable.

2,20.6.2 Lighting Circuits

There are two kinds of lighting possible, namely, machine mounted
and stationary.

Machine mounted lights derive their power from the machine itself.
Care must be taken to see that the lights are in proper condition. Head-
lights should not have their glass covering broken exposing bare wires.

Stationary lighting fixtures can be energized by both a.c. or d.c.
power. In case of d.c. power the voltage must not exceed 300 v. 1In
case of a.c. power the conductors should not be energized at voltages
greater than 70 v to ground and must operate at at least 50 Hz. Light-
ing fixtures operating at 100 v or more must derive their pever from a
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‘I ¥ -
: transformer baving a neutral tap grounded to earth through a proper
resistor. The grounding circuit must pass through all equipment ener-
» gized by the circuit,
Machine mounted lighting fixtures must be electrically grounded to-
- the machine by a separate grounding conductor.
| e
: Cables conducting power to stationary lighting fixtures from both
Wy a.c. or d.c. power sources, other than intrinsically safe devices '~uld
! he considered as trailing cables and protected against short circui.s
l and overloads.
2.2]1 SAFETY
2.21.1 Materials Handling
The following basic criteria may be applied to such machinery con-
sidering the nuclear waste environment:
e Protective systems for operator basic to design
e All thermal and shielding requirements will be
based on 3-year old spent fuel or high level
waste
[ e Exposure level is not to exceed SOOmR/yr
: e Spent fuel emplaced in separate rooms from high
level waste.
[ Retrieval of HLW, if required, poses some difficult problems for

equipment ‘design. Feasibility of equipment design for retrieval must be

assessed in terms of several basic groups of conditions, depending on

whether the repository has or has not been sealed. Thus, potential

retrieval situations that may require evaluation include recovery of

: waste in the floor of tunnels still open for access, or recovery after

[7 the tunnels are closed and sealed, or ultimately, recovery after the

L entire disposal site is sealed to the surface. With this in mind, we
view the functions and criteria that the design would have to meet as

{‘ including:

- - ——
. ‘

1. Detection of a failure of the
' disposal criteria.

= 2. Location of a failed systenm
component (cannister, over-
packing, etc.).

3. Movement of the retrieval
- e y equipment to the exact
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location of the waste,
This may or may not involve
excavation, .

Quantitative incorporation of
radioactive materials into the
retrieval system.

Removal of the retrfeval waste to
the recovery center,

Processing and storage of the
recovered wastes and any
materials contaminated during
the recovery process.

Detection, location and subsequent movement of recovery equipment to the
failed system component is greatly facilitated to the failed system com-
ponent is greatly facilitated by the access provided by the open
tunnels. Temperature and radiatiou monitors can provide the necessary
information for radiologic isolation of the recovery operation.

2.21.2 Human Factors Fngineering

Human factors engineering applied to nuclear waste repositories is
a blend of mine and radicactive environments. Both have two points in
common, cramped quarters and difficult access, and hazardous materials.
The technology for transportation, handling, and isolation in these
environments is well-developed. The critical items are access and fail-
safe systems. For example, components most likely to wear out or fail,
such as pumps or drills, must be readily accessible, and furthermore,
when a man must be present during repair or maintenance, enough safe-
guards must be built in so that his actions themselves do not lead to
hazard. 1f a hydraulic pump fails on a drill jumbo used during
retrieving, the task of replacing the pump must not lead to uncon-
trolled drill thrust or movement if another subsystem is inadvertently
started. When evaluating or designing such equipment the system require-
ments must be known, and the range of human control and information
processing desired, so that following equipment design, a trial or shake-
down period indicates how it is operated, and then this operating
experience is related back into design.

2.21.3 Safety Analyses

Safety analyses involve studying the working environment, equip-
ment, and job actions to reduce the frequency or severity of accidents.

Two most used measurements of safety are "frequency rate" and
"severity rate."
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M Frequency rate htas been defined as the product of the number of
disabling injuries times one million divided by the number of man-hours v
r worked during the period (NSC, 1972). Disabling injuries are defined
i as:
1. Death.

2. Permanent total disatility. Any injury which e
J prevents the emplcyee from engaging in gain-
ful employment, or which results in the loss of
F] or the complete loss of use of any of the
| following in one accident:

- a. Both eyes, .
b. One eye and one haid, or arm,
or leg, or foot,
c. Any two of the following not on
| the same limb: hend, arm, foot,
: or leg.

3. Permanent partial disability. Any injury
which results in the complete loss or loss
of use uf any member of the body, or any

{ permanent impairment of functions of the
! body or part of it, regardless of any pre-
! existing disability of the injured member
or impaired body function.
i 4. Temporary total disability. Any injury
i which, in the opinion of an authorized
physician, renders the injured person unable
f to perform a regularly established job that
| is open and available to him, during the
entire time interval corresponding to the
hours of his regular shift on any one or
more days (including Sundays, days off, or
plan shutdown) after the date of the injury,
(NSC, 1972).

Thus the frequency rate measures only the occurrence of accidents
and not their severity.

Severity rate has been defined as the product of the nu-ber of days
charged as lost times one million divided by the number of ran-hours
worked during the period. For serious accidents, standard averages are
used for days charged as lost, and are given in Table 2.1, since an indi-
vidual's actual time lest may vary widely.

By using frequency rates and severity rates, varying industrial
operations can be compared solely on a safety basis.

When analyzing particular accidents, they can be broken down into
their five basic elements (NSC, 1972):
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r: e
= 1. The agency or source of the accident.
[ 2. The type of accident or’ the maaner in
' which the person was injured.
3. The unsafe condition of the tool,
material, or machine. )
4. The unsafe act or unsafe practice of
1 the person.
5. The personal factor or reason for the
person's unsafe action or practice.
Detailed studies have shown (NSC, 1972) that most accidents are
attributable to a combination of these elements, and not to a single
[ one.
Furthermore, items no. 3 and no. 4, the unsafe condition and unsafe
act, may themselves be subdivided further. For unsafe condition, the
following categories have been developed (Simonds and Grimaldi, 1963):
1. Inadequate mechanical guarding.
l 2. Defective condition of equipment.
3. Unsafe design or construction.
‘ 4. Hazardous process, operation, or
{ : arrangement.
y 5. Inadequate or incorrect illumination.
6. TInadequate of incorrect ventilation.
lf 7. Unsafe dress or apparel.
‘ For unsafe act, the following categories have been developed (Simonds
- and Grimaldi, 1963):
{
1. Working unsafely.
2. Performing operations for which
supervisory permission has not
been granted.
3. Removing safety devices or
altering their operation so that

they are ineffective.
4. Operation at unsafe speeds.
5. Use of unsafe or improper
equipment.
Using equipment unsafely.
7. Horseplay, teasing, abusing, etc.
8. Fallure to use safe attire or
personal devices,

-
\

N
.
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AMERICAN STANDARD SCALE OF TIME

CHARGES FOR DEATH OR PERMANENT

" PARTIAL DISABILITY

Nature of Tnjury

Death
Permanent Total Disability
Loss of Member or Function:

Arm, at or above elbow .
Arm, below elbow

Hand

Thumb

Any 1 finger

2 fingers on same hand

3 fingers on same hand

4 fingers on same hand :
Thumb and 1 finger on same hand
Thumb and 2 fingers on same hand
Thumb and 3 fingers on same hand
Thumb and 4 fingers on same hand
Leg, at or above knee

Leg, below knee

Foot, at ankle

Great toe

2 great toes

1l eye, loss of sight

Both eyes, loss of sight

1 earm loss of hearing

Both ears, loss of hearing

Time Charge, Days

6,000
6,000

4,500
3,600
3,000

€00

300

750
1,200
1,800
1,200
1,500
2,000
2,400
4,500
3,000
2,400

300

600
1,800
6,000

600
3,000

from Peurifoy (1970, Table 23.1).
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When further investigating accidents in detail, the type of accident
can be divided into several classes (Simonds and Grimaldi, 1963) given
B below:

1. Caught in or between.
2. Struck by. e
(] 3. Struck against.
4. Fall of person (same level).
5. Fall of person (different level).
Abraded, punctured, scratched.

—J
~N o

Overexertion.
8. Contact (electric current).
[ 9. Contact (temperature extremes).

10. Contact (radiation sources, toxic
and noxifous substances).

[ —

With this background information on the causative factors of acci-
dents, a safety analysis can then be made of a new industrial situation
such as HLW repositories. The job or situation is broken down into its
l component parts by a person knowledgeable in the job and observing the
i job, and each of these component parts is in turn analyzed for potenti-

ally hazardous acts or conditions using a listing such as those given
above. Accident causing steps or components can then be discerned and
I the likely nature of resulting accidents described.

Corrective actions in machinery design, working environment, job
] procedures, training, and other items can then be formulated and
| incorporated, and then further analyzed for adequacy and resulting com-
plications.

] 2210 Fies

During a previous study conducted by EI staff it was found that
during 1968 to 1972, for underground metal and nonmetal mines, 4 fires
killed 115 workers (including 91 in the Sunshine disaster in 1972). Two
of the four fires started in mine shafts. The location of the other two
fires was not know. The cause of these fires could not be determined
positively during investigations since the evidence was lost, either due
to fire or subsequent flooding or other unknown reasons. Tdentifiesd pos~-
sible causes of fires in shafts were:

e welding operations

e overheating of wooden guides

e throwing of a cigarette butt
on cross-timhers

e electrical fires.

2-47 ENGINEERS INTERNATIONAL, INC.



* RFP NO. RS-NMS-82-030

-
| The possible causes of other fires were cited as:
- ‘e welding equipment
, e spontaneous combustion of
' timber
e carelessness on the part
r] of workmen
Analysis of that gross injury data indicate that about 6.2 fatal
[ and 86.4 nonfatal injuries occurred each year due to fires and explo-
] sions during 1961 to 1970. The corresponding figures for 1966 to 1970
are 8.0 and 100.0., This category included burns from controlled fires.
o Although the causes and sources of these accidents could not be identi-
fied from the gross injury data, possible sources include:
e diesel fuel storage and fueling stations
e battery charging stations
e store rooms where combustible materials -
such as grease, or timber were stored
™ e electrical fires
e welding operations
these studies have indicated that the following items can significantly
improve the underground fire problem:
e Ventilation of work areas susceptible to fire
) (storage areas, battery charging stations,
maintenance shops for diesel locomotives)
should be studied and improved. Controlling
2 their air current during a fire can play an
important role in dealing with f{t.
e Methods to prevent fire and smoke from
spreading into shafts and other escape
routes are extremely useful areas of
research.
e Refuge areas should be provided in parts
of the mine where fire in escape routes
s would prevent withdrawal of workmen to safety.
! e Automatic fire doors should be developed and

required at suitable points in the mine
ventilation circuit.

e Federal metal and nonmetal health and safety
standards under Section 57.4 require measures
for the prevention of mine fires. If thece are
enforced, most mine fires could be prevented.
During visits to the mines, scveral violations
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of these regulations were observed. For example,

smoking in timbered stopes which could lead to v
a major fire, was observed. Workers should be

permitted to smoke only in designated areas

(e.g. lunchrooms or other suitably constructed

rest areas). ‘

Generally heavy accumulations of combustibles

were observed near the shaft and landing levels.
These areas were sometimes used as storage areas
for timber, electrical cables, hoses, grease drums,
et cetera. Mandatory Standard 57.4-534 prohibits
this. Only suitable cut-outs should be used for

storage. .

At the present, there is no requirement for the :
regularly scheduled inspection of fire control
equipment. This should be mandatory.

MSHA should restrict the use of lumber for lining,
cage guides, or other support purposes in mine
shafts. Only fire-retarded timber should be
permitted underground. ‘

Worked-out areas should be sealed off to prevent
the flow of air.

Automatic or remote controlled fire fighting equip-
ment should be installed in areas (for example fuel
storage areas, battery charging stations, stationary
equipment, and storerooms) where fires may spread
before they are detected. The results of research
projects involving control of mine fires in
underground coal mines should be evaluated for
application to noncoal mines.

2.21.5 Overall Safety Considerations

Assessing the adequacy of stored nuclear waste from the waste pack-
age, materials handling, and safety aspects is primarily a task of
postulating accidents and failures and describing the likely events and
Since a great many different details of waste packaging
are being proposed, and materials handling follows the same basic steps,
at this stage a look at the materials handling problems illustrates the
nature of this aspect of the overall system. The Tables on the next
several pages are taken from a DOE report on Radwaste technology, and
summarize the safety problem.
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Cycle Repositories

Accfident No.
_and Description =~ Sequence of Events ... Ssfety System

5 —~ Waste Con- 1. Equipment fallyre or 1. Drop height minimized by
tainer drop during operator error results facility design.
handling. drop sufficlent to fafl

waste container, 2. Cell HEPA filters reduce
release to atmosphere.
2. Particulate release to
cell filters, 3. Repackaging and decon-
tamination facilities
3. Container contents available.
repackaged. a
4. Area decontaminated.

6 - Waste package 1. Canistered waste shaft 1. Failsefe wedge type braking
dropped down mine hoist fails, system on hoist cage.
shaft. Estimated
frequency 1 x 107 2. Hoist cage containing 2. Mine exhaust filter system
per year, 4 canisters drops to reduces atmospheric

mine level. releases.,
3. Canister {s breached on 3. Repackaging and decon-
impact. tamination equipment
available.
4. Canister contents
repackaged using specfally
designed remotely operateds
equipment.
S. Area decortaminated.

.1 -~ Tornado 1. Tornado strikes mined 1. Site selection criteria
strikes mined salt salt storage area. limit masimum credible.
storage area. Esti- tornado.
mated lgeq:sncy . 2. Salt dispersed to
B x 1072 k' -yr. atmosphere. 2. Salt is covered as it

accumulates.

8 - LLW drum TRU LLW not produced in this fuel cycle.
rupture due to ' ' T
mechanical damage
and fire.

9 — LLW drum TRU LLW not produced in this fuel cycle.

rupture dve to
internal explosion,
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TABLE 2.2 (Cont'd)Postulated Moderate Accidents - Once Through ruei

e Release

The maximum drop helight
for any waste form s

20 m. This 1s nuch less
than a drop down the mine
shaft. Therefore it is
expected that releases
from this accident would
be much less than
Accident 6.

Four PWR assemblies

(2 MIHM) are dropped
releasing the following
activities over a one

hour period.
W s
We _as10?cy
85 - 4 x 10% i
129 6 .10 ci

Other FPs - 13 of
Tabie 3.3.8 per MTHM,

Actinides - 1% of
Table 3.3.10 per MTHM.

Activation Produc*s

Tornado strikes when pile
contains maximum amount of
salt. Pile is | km wide
at bottom, 310 » wide ot
top, 30 m tall and 940 m
Tong. 3.6 x 107 MI 1y

total salt stored in pile.

Only 7 x 104 o 15 uncovered
end available for dis-
persfon. 2.2 x 10% M1

(1%) is removed by tornado.
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Postulated Non-Design Basis Accidents -
Once-Through Fuel Cycle Repositories

ence of Fvents Safety System Release

50-megaton nuclear weapon Repository depth of Although
bursts on surface above 540

the fracture Jone
m - Salt reaches the repository In
» Granite shale, releases are
420 m Shale expected to be less than
~ Pasalt those from Accident n
(vv; ',"L'J breach L'y
re le vr1',P)A

{ site €
. s50
reposit ry y

Crater f¢

One percent (1%) of the
inventory 1s released on
{mpact with one half
going to local fallout and
one half goino to strato-
pheric dispersion,

$ 10 waste

persing waste

phere,

ater partially refilled
th rubble covering
pository.

cur anywhere

¥ Prohability

3 & cotaminated
canister (within
dis of canister),

€ urth of a

canister is *. ought to the
rilling rud

un i fc 'x".y

cms ra
00S 0

surface in “ne d
The activity s
distributed over 1.2 acres
in the top 2 1 es of sofl

13 Repository Societal changes lead to ments m ' sito As salt s dissolved and
breach by solutfon loss of records and 0¢ ) carried away, water comes
mining (salt only) location markers. ifnto contact with exposed
spent fuel. At a leach
Exploratory drilling (see 40 rate of 1 x 10-5 4,/('? day
Accident 7.12) leads to 7 MTHM are leached into the
the discovery of salt lude ine during the first year

n Vl’f’q
Calt r using

solution tion
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Accident No,
_and Description

15 ~ Faulting and lj

Fault Intersects repository
groundwater trans-

hr-m

port. Estimated 2. Access s created between
frequency 2 x 10-1) high-pressure agquifer,
per year. weste and surface.

. Aquifer carries wastes to
surface.

[ 16 - frosfon 1. Repository overburden
subject to high erosfon.
’ 17 < Critfcality 1. Fault or groundwater

actfon brings iwo spent
fuel canfsters together.

—

—
il

Sequence of Events

__ Safety System

. Site criterfa--low sefmic

risk zone.

. Site criterta mintma)

groundwater .

. Reposfitory depth

. low Yeachable waste,

forms .

. Site crite-1a--low

erosfon rates.

. Repository depth.

. Site criterfa--Yow sefsmic

risk zone

. Site criteria -minima)

groundwater.

. Repository depth.

RS-NMS-82-030

 Belease

Estimated frequency of a
fault Intersecting lh‘
repository 13 4 x 10-1)/yr,
Assured frequency that high
pressuve aquifer e fsty
with canister and surface
access 1s 0.005. The over-
an expislod frequency 13
2 x 307 yr. A2 m owide
Tine fault 13 assumed to
Intersect the repository

in an orfentation to maxfi.
mize waste contact. The
following spent fuel MTHM
are available for leaching.

. PR EwR
Salt 220 120
Granite 450 20
Shale 240 150

Basalt 530 280

Release equal to or less
than Accident 11,

None
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2.22 SEALING REQUIREMENTS AND CONCEPTS

10 CFR Part 60 requires that shafts and boreholes be sealed, "as
soon as possible after they have served their operational purpose."

The seals must inhibit transport of radionuclides to the same
degrec as the undisturbed units of rock through which they pass. In the --
case of soluble rocks, for example salt and limestone, tlie seals must
also prevent ground water circulation that would result in dissolution.
The seals must be able to accommodate potential variations in
temperature, stress level and moisture.

The seal zone has three components

e the seal itself

e the interface between the
seal and surrounding rock
formation

e a zone of disturbed (fractured)
rock immediately surrounding
the sealed opening

Each of these component zones is a potential pathway for migration of
groundwater and radionuclides.

Because of the long time periods of which the scals are required to
be effective and because of he uncertainties and lack of guarantees con-
cerning such long term materials behavior, the engineered system must
contain m:ltiple barriers. For this reason, the multiple material/
geometry concept was introduced in work for the Office of Nuclear Waste
Isolation (Battelle Memorial Institute).

Current conceptual design work is focussed on the Los Medanos Repos-
itory site where the host rock is bedded salt. Conceptual designs for
other rock types will follow and are scheduled for completion by mid-1985
(Ellison et al., 1981).

2.22.1 Concept for Los Medanos Shaft Seals

The Los Medanos site was selected for development of the first con-
ceptual design because it had been explored in the greatest detail.

The geology at the site consists of:
e surface to 900 ft - overburden,

sandstones and mudstones
including three aquifers
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o e 900 ft to repository depth - salt
containing thin anhydrite layers
l. and very thin-clay seams.

The existence of the aquifiers 1s of prime importance, e¢spucially the
. one which is near the top of the salt. Expected quantities of flow are
[T low; however no water can be allowed to contact the salt since this will -~
result in solutioning. With reference to sealing, this means that all
potential water sources must be isolated from the seal zone and especi-

[‘ ally from the salt,.

It is planned that the shaft will have steel liners through the
e overlying materials and into the top of the salt. Thereafter, the
' shafts will be unlined (this is possible in salt since the shafts could
be drilled.)

[ One very advantageous aspect of the shaft seal design is that it
' can be constructed in logical sequences.

f 2.22.2 Borehole Seals

Seals for boreholes at the Los Medanos site would be similar to
f those for the shafts. A problem, however, arises with regard to place-
| ment of the bore-hole seals. Furthermore, testing of post construction
seal integrity would be much more difficult than in a shaft.

| In current practice, two types of seals are generally used - mechan-
‘ ical seals and slurry seals. Mechanical seals are devices which can be
lowered down a borehole and expanded under pressure against the borehole
wall., The effectiveness of this type of seal is dependent on continued
application of pressure to the seal and hence this type of seal is suit-
able for use as a temporary measure, for example while a grout seal is
hardening.

Slurry seals are placed either by pumping or pouring. The technol-
ogy exists to place seals over distinct portions of a borehole so that
the multiple seal concept is feasible from the standpoint of seal place-
went. (Placing of "zonal" seals is, in fact, standard procedure in oil
well plugging. Between zonal seals, boreholes are normally filled with

g drilling mud.)

-

For abandoned holes which have been located, existing seals should
' be evaluated. It is probably wise to assume that old holes have not
| been sealed properly and to reopen them, clean them and reseal them
: according to sealing concept previously mentioned (Koplick et al., 1979)

The information required for all holes to be sealed includes:
e location

| . e variation in drilled
diameter
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true dip and direction
with depth

e location of steel casing
left in the hole

Additional information concerning drilling techniques and drilling
history should be collected 1f possible,

Holes drilled upward from the repository can be sealed by
installing a plug and valve at the collar and then pumping seal slurry
into the holes under pressure. Similarly, holes which penetrate the
repository zone can be sealed from the bottom, when intersected during
repcsitory development. 4 N

2,22.3 Grouting

Shafts in weak materfals such as salt can be drilled. However, in
stronger rochs like granite and basalt the upper limit for diameters of
drilled holes is about 10 ft and holes longer than 1500 ft are very
uncommon. Thus in these materials it will be necessary to use conven-
tional drill-and-blast shaft sinking.

Although Section 60.132 of 10 CFR Part 60 requires that excavation
methods be such that damage to and fracture of rock be minimized, even
with controlled blasting there will be some fracturing of surrounding
rock which results from blasts. Since this fractured zone could provide
a preierential path for groundwater migration in spite of any seals,
grouting will be required.

A number of materials can be used as grouts including cement,
clays, bentonite, bitumen, and chemicals such as sodium silicate and
acrylamide (AM-9). Most rock grouting is done using cement grouts
because of their high strength and low cost and the relatively large
size of rock discontinuities. The Corps of FEngincers indicated that for
successful Injection the ratio of crack width to grout particle size
should be at least 3.

Grouting specifications commonly call for a maximum grout pressure
of 1 psi per foot of overburden depth. The allowable injection pressure
depends on the strength of the rock, the in-situ stresses, the pore pres-
sure existing prior to injection and on structural discontinuities
(joints, to bedding, etc).

During shaft sinking, sinking wi ! be interrupted and grouting of
the walls and face carried out any time water inflows exceed 15 gpm.
When aquifers are known to exist, they will generally be pregrouted, if
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pose e from the shaft face as they are neared or from surface prior to
comnencement of sinking. However, in the case of repository shaft

design, 100 percent of the shaft walls must ultimately be grouted and

the most practical means of doing so would be to incorporate wall .
grouting into the sinking cycle. This will result in slower than normal
sinking progress; however, this would be more effective and easier to e
perform than grouting through a concrete shaft lining immediately prior

to seal placement. Radial ring grouting would probably be most affec~-

tive with holes drilled beyond the disturbed zone and stage grouted

using packers from the hole bottom toward the shaft wall,

Any deficiencies in the grouting will need to be ‘remedied prior to
seal placement. Monitoring over the active life of the shafts (likely
several decades) will provide some informatiom of the long term dura-
bility of the grouting.

In order to assess the durability of grouts in the very long term,
comparison could be made with the natural cement in cemented sedimentary
rocks and cemented volcanic ashes (Gyenge, 1980).

2.22.4 Shaft Sealing Methods

In general, the methods used to seal shafts are similar to those
used to seal boreholes. The difference is that in a shaft, seals can be
installed and inspected manually. Usually, a shaft will require a
l1iner, typically of concrete, and the rock behind it will be grouted.

An exception is the case of drilled shafts in salt which may not
require a liner. Shaft sealing methods for use in nuclear waste repos-
itories are being investigated by ONWI.

As in the case of boreholes, aquifers penetrated by the shaft will
require individual treatment. Impermeable bulkheads, above and below
the aquifer are constructed to cut off upward or downward water move-
ment.

Also similar to borehole seals, shafts can be sealed using a single
or multi-material seal.

2.22.5 Sealing Materials

Portland cement is the most commonly used sealing material. Many
cements have been developed for use under the temperature, pressure, and
chemical conditions encountered in oil wells. These will not be further
described. 1In addition, the following specialty cements are also avail-
able (Daemen, et al. 1979)

Pozzolanic Cements
Pozzolan-Lime Cements
Resin or Plastic Cements
Gypsum Cements

Diesel 011 Cements
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Expanding Cements
Calcium Aluminate Cements
Latex Cement

Permafrost Cement

Cement additives are also available to accelerate or retard its
setting time, reduce or increase its weight, improve its flow character-
istics, and increase its penetration into pervious zones.

There is a wide variety of chemical grouts available. These can be
g classified as either aqueous solutions, non-aqueous solutions and emul-
sions. i
[ Chemical grouts that are aqueous solutions may be:

e mineral gels

[ e organic gels
I @ polyacrylamides
e phenoplasts
! e aminoplasts
: e combinations of the above

Non-aqueous chemical grouts may be:
e synthetic resins
i e vulcanizable oils

e heat sensitive compounds
’ including bitumen

Bituminous, epoxy and polyester resins, polyvinyl, and latex emul-
sions are also used as chemical grouts. (Daemen et al., 1979)

L Materials which were tested at Pennsylvania State University as hydro-
thermally transported sealants are cement, quartz, calcite, and clay.

| Sulfur is also being investigated, but permeability problems are

1 expected.

Of the natural earth materials which could be compacted in bore-
holes, shale cuttings from the formation to be sealed or from surface
sources, and montmorillonite are mentioned as possible choices. Mix-
tures such as sand and clay are also being considered.

2.23 RETRIEVABILITY
‘| Emplacement of wastes in a geologic repository is intended to be

permanent. Nonetheless, provisions must be made to retrieve the waste
since one or more of the following situations could occur:
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was employed as a surveyor in an underground dome salt mine, and observed
this phencmenon first-hand.

2.24 BOREHOLES

Due to the sealing requirements, detailed consideration needs to be
given to boreholes that intersecc or lie in the repository vicinity.

There are two types of boreholes to consider:

e o0ld abandoned boreholes drilled prior
to repository site investigation

e recent boreholes drilled in_connection
with repository site investigation.

2.24,1 Abandoned Boreholes

01d abandoned boreholes pose a greater problem since they may have
been put down over a period of years and since recovds may be scanty or
nonexistent. In at least one instance, aerial photographs have success-
fully located old holes at a gas storage site.

By considering the type of drilling that had been previously been
carried out in an area - for example water, gas/oil, or mineral explor-
ation, one might be able to estimate the number, type, and distribution
of abandoned holes that have gone undetected.

In any case, it is essential that maximum effort be expended to
locate all abandoned bore holes using all the means available.

2,24.2 Recent Boreholes

Boreholes may be drilled at the repository site to collect informa-
tion on the geologic, geotechnical and hydrologir aspects of the host
rock to verify site design assumptions. The number, location, and depth
of these holes will be site specific; however, some minimum number of
holes will be required.

The depth of individual boreholes may range from shallow, for holes
used to investigate overburden thickness and near surface rock, to inter-
mediate, for holes drilled to about the depth of the repository, to
deep, for holes drilled to irtersect basement rocks below the reposi-
tory.

During repository development, it is likely that relatively short
holes could be drilled from the repository itself to provide more
detailed local geological and hydrological data. These holes could be
drilled at a variety of azimuths and dips but are unlikely to exceed
300m in depth.
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Holes which penetrate from surface to the repository horizon and
beyond should be located in pillars to provide an additional barrier
against leakage should the borehole seal fail. This requires that the
repository design and layout be known at the exploration stage.

The number of holes drilled should be minimized but sufficient to
"] provide design data with a satisfactory amount of confidence. The holes
} should be sealed as soon as they are abandoned in order to ensure that
sealing serves its purpose.

There are a number of available drilling methods but the most
likely are rotary and diamond. Diamond drilling can be used for holes
‘ up to 1,000m long and is restricted to diameters not exceeding 7.75 in.
{ Rotary drilling can be used to much greater depths and with diameters up
to 17 in. and occasionally greater.

l With di.mond drilling, cores are obtained from the holes which when
logged provide a record of the rock quality, lithology, joint locations
and dip. Drill cores can also be used to obtain rock properties in lab-
oratory tests.

With rotary drilling, lithology can be inferred from the drill
cuttings; however for detailed information, well logs of various types
are required.

2.25 SEISMIC EFFECTS

An earthquake, blast, or rockburst induced strain wave can have
effect on an underground structure. In general, seismic waves from
eaithquakes are much lower in frequency than those from blasting, but
the magnitude and areal extent of earthquakes are greater. The rock
mass contracts and dilates in response to the passing wave which may
disrupt any contained structure, such as a sealed repository.

Vibrational ground motions may affect a tunnel or shalt structure
in several ways:

e Longitudinal Distortion
e Circumferential Distortion
e Loosening of Structural Flements;

also, fault displacements may shear or deform a structure if the struc-
ture actually crosses the fault.

In unlined underground structures, which may occur while under con-
scruction, the seismic waves essentially result in compression and
- expansion of the rock mass, which may loosen individual blocks or areas
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of rock, leading either to nuisance deformation or failure. In steel or
cement lined shafts or tunnels, the tunnel support is closely coupled to
the rock, so it does not behave under seismic loadings as a free
standing structure such as a surface structure. Therefore, the deforma-
tion experfenced by the rock mass is felt by the underground structure, -
and no further vibrations are induced into the structure.

If the wave propagation direction is parallel to the tunnel or
shaft 1ine, the structure is shaken frem side to side and compressed and
released axially, which may lead to support distress such as circumfer-
ential cracking.

If the wave propagation direction is perpendicular to the line the
profile is compressed and structured, it may also lead to support
distress, such as radifal cracking.

However, field observations and theoretical studies have both shown
that lined shafts or tunnels coupled to the rock are much more stable
than equivalent surface structures since they cannot develop separate
vibrational phenomena.

Non-recoverable dilation of the rock mass or induced shear displace-
ments may physically disrupt grout or other seals.
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Engineers International, Inc. (EI) manages each project it undertakes
in accordance with a formal program plan which presents:

e the objectives of the project

e task descriptions

e requirements for reviews, reports, and
presentations

e dependence of activities by means of
networks, as necessary, schedules and

personnel allocation for each task by

material requirements

responsibilities

milestones
-
category
.
e travel schedules
e subcontract
.
due dates
e budget

-

schedule of deliverable items, with i

The proposed plan for this program is presented here for review by
the NRC. The schedule is given in the next section, and the budget is deleted
from this volume and submitted in a separate volume -~ in accordance with the

instructions of the RFP.

EI has taken the basic requirements for this contract directly from

the Statement of Work,

included in the RFP.

The work to be “one is out-

lined under Section 3.3, entitled Technical Plan, which clearly identifies -
the individual tasks and establishes their comprehension by EI. This
aleo facilitates commnications between the Program Manager, the project
staff, consultants, and the NRC Project Officer. The basic tasks out-
lined in the RFP have been retained in order to facilitate reference,

should that be desired.
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3.1 OBJECTIVE

Ruclear waste exists now and 1is being generated steadily.
Ultimately 1t must be disposed of in some fashion so that it does not
pose a hazard to present or future generations. The apparently best . -
systems developed to date are repositories in geologic media. Geo-
logic repositories involve placing the packaged waste in mined rooms s
underground, and ultimately sealing the respository. The Nuclear
Regulatory Commission (NRC) is charged with licensing high level
nuclear waste repositories in order to safeguard the public, while
the Department of Energy (DOE) is charged with designing, construct-
ing, and operating repositories to efficiently and safely store the
waste, The NRC role is detailed ir the recently promulgated 10 CFR
60 which spells out certain requirements to be met for repository
licensing. The underground engineering, mining, and geologic tasks
required are newly evolving technologies and the civil, mechanical,
and electrical applications are for an unusual and unique technology,
so that in order to thoroughly review and evaluate repository designs
for conformance with 10 CFR 60 requirements, especially safety, the
NRC requires technical assistance. An organization to assist the NRC
wust have qualifications and experience in all of the relevant
disciplines, and also be unbiased and objective, not reviewing their
own or related work, thus avoiding actual or potential conflicts.

Protecting present and future generations from radionuclide
contamination is the primary objective of the NRC licensing effort.
A parallel objective is the safety of personnel involved with the
transport, handling, storage, and retrieval of nuclear waste. The
review of repository designs will be conducted with these objectives
in mind, and any aspect of the design which does not fully satisfy
these objectives will be discussed in El's reports to NRC.

As described in Section 2.0 of this proposal, several factors
affect the safety of the repository. Upon receiving a design or other
document for review, EI will identify the various aspects affecting
safety, review each aspect in detail, and prepare a clear and concise
report detailing the results of the review. A typical report may
consist of the following:

e Ffummary highlighting design
shortcomings

e Stability considerations
canister scale
room scale
repository scale

e Ventilation

e Canister handling

e Backfilling
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Water inflows
Underground power distribution re
Excavation equipment
Repository surveillance
equipment

o000

" J 3.2 PROJECT RESPONSIBILITY
‘

Engineers International, Inc. (EI) will perform all of the work -~
1 in the project, which includes detailed reviews of designs and other
[' assistance to the NRC. EI will be responsible for providing all
: personnel and materials required for this project, except for the NRC
furnished material detailed in the Statement of Work.

-

-

3.3 TECHNICAL PLAN
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3.4 SUPPORT ACTIVITIES \

3.4.1 Meeting Participation

In order to coordinate the work of assisting the NRC in reviews
of aspects of geologic nuclear waste repositories, EI will partici-
pate in such meetings with personnel deemed appropriate by the EI
Project Manager and the NRC Project Officer, and generally would
include the Project Manager, Project Engineer, and Rock Mechanics
Consultant.

Within 15 days of each meeting a written report will be submitted
to the NRC that will serve as a record of the meeting, and will
include the meeting purpose, participants, costs, important or signif-
fcant findings, El's conclusions and recommendations, and other items
as appreopriate.

kR Workshops

At the request of the NRC, EI personnel will participate in 5-day
workshops dealing with review aspects of geologic nuclear waste repos-
itories. It is estimated that the EI Project Manager, Project
Engineer, and Rock Mechanics Consultant will participate.
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-

Topics and materials to be related or presented would be as
requested by the NRC. All EI project personnel have considerable
experience in organizing and participating in such workshops.

A written report on the workshop ictivities will be submitted
within 15 days of the close of the workshop.

3.4.3 Site Visits

As appropriate for carrying out each review, EI staff will visit
each site and gain first-hand knowledge of physical conditions and
status, It is planned that such visits would take place in the early
stages of the review process, but not until the partfcular Task Order
Items are understood and underway, so that any additional required
information can be obtained. .

Staff participation would be the Project Manager, Project
Engineer, and staff from other disciplines as appropriate.

3.5 TASK 2 ACTIVITIES
3.5.1

This task effort consists of assisting the NRC in various
meetings concerned with design review aspects of geologic nuclear
waste repositories. EI participation in such meetings will be
personnel deemed appropriate by the EI Project Manager and the NRC
Project Officer, and would generally include the Project Manager,
Project Engineer, and specialists in required disciplines.

Within 15 days of each meeting a written report will be submitted
to the NRC that will serve as a record of the meeting, and will
include the meeting purpose, participants, costs, important or signif-
icant findings, El's conclusions and recommendations, and other items
as appropriate.

3.5.2 WVorkshops

At the request of the NRC, EI personnel will participate in 5-day
workshops dealing with design aspects of geologic nuclear waste
repositories. It is estimated that the EI Project Manager, Project
Fngineer, and specialists in various disciplines would participate,.

Topics and materiale to be related or presented would be as
requested by the NRC. All EI project personnel have considerable
experience in organizing and participating in such workshops.

A written report on the workshop activities will be subnitted
within 15 days of the close of the workshop.
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3.5.3 Report Reviews

As requested by the NRC, certain reports or portions of reports
will be reviewed and the results reported to the NRC. EI will comply

with all requested review items and submit a comprehensive and com- £
plete report within the NRC review request schedule. o

—_—

EI has carried out considerable work on mine and tunnel design
for industry, so has specific experience in responding quickly and
accurately to review requests, and no difficulties are foreseen.

3.5.4 Site Visits

As appropriate, EI staff will vieit sites as requested and gain
first-hand knowledge of physical conditions and status, and hold
discussions with knowledgeable individuals so that any additionll
information can be obtained. :

Staff participating would be the Project Manager, Project
f Engineer, and staff from other disciplines as appropriate.

3.6 QUALITY ASSURANCE

Throughout the work, EI will maintain a quality assurance program
so that the work and the resulting assessments are efficient and
accurate. All design assumptions will be identified and justified,
_ all design methods and concepts will be verified as being in accor-
' dance with accepted practices and standards, all materials will be
verified as being adequate, safe, and of the desired qual)?*;. v .

Computations and calculations, wherever required, will be checked
for proper method, arithmetic, and carefully documented and explained.

El has experience in planning and executing Quality Assurance
Programs through their work on civil design projects that require
review by independent agencies such as the Federal Highway Administra- .
tion and the Federal Energy Regulatory Commission.

The Quality assurance Engineer will report directly to the
President of EI, thus ensuring that quality assurance is unbiased and
alwvays maintained.

Any standards desired by NRC will be utilized, and a QA Manual
for the project will be developed and submitted, if desired.

3.6.1 Commitment and Organization

It i{s the purpose of the EI Quality Assurance Program to insure
that the standards embodied in appropriate and applicable regulations
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i and guidelines are wet in the performance of testing and research
programs conducted under the Quality Assurance Manual,

| The chart on the next page indicates the organization established
within Engineers International, Inc. to conduct programs requiring
Quality Assurence procedures. .

i 3.6.2 Responsibilities

8 3.6.2.1 Project Manager

The Project Manager (PM) is the responsible individual to whom
[1 the Project Engineer reports. ’

p, ! 3.6.2.2 Quality Assurance Engineer

[. The Quality Assurance Engineer (QAE) 1s responsible for insuring
. that all work conducted under the Quality Assurance Program is in
compliance with the manual. The QAE will establish and maintain
Quality Assurance files in the EI building and will forward a copy of
[' same to the client. The Quality Assurance staff will not be assigned
from the group conducting the project. The responsibilities of the
QAE include:

1. Audits at least annually or twice during the course
of the project to insure that procedures being used
[‘ are in compliance with the manual. In the event that
§ ) procedures not in accordance with the manual are being
used, the QAE will issue a memorandum to the President of
, EI (copy to PM) stopping work until the work is rectified,
\ re-audited, and permission to resume work has been issued.

2. Maintain files in which are stored:
a). check 1lists from all audits.
f b). stop work order including:
e the reason for stoppage
|
!Q e corrective action ordered
5 e audits check list showing
[f re-audit and permission
; from the QAE and if
necessary the client to

resume work

c¢). biographies showing experience and skills
of all EI personnel assigned to the work.
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control documents regarding the Quality
Assurance Manual,

a copy of all data and test results con-
ducted under this Quality Assurance
Program. This material will be stored
for a period of ore year. If requested
by the client, the experimental data will
be retained for a longer specified time
at a maintenance fee to be set by the QAE,
or forwarded to the client at his option,

3. Under item 2 (d) above, the QAE will maintain the Quality
Assurance Manual, all revisions that are made, and distribution of
all copies. At the close of each project, copies of the Quality
Assurance Manual distributed under that project will be inactivated
by written notice, and their holders will not receive subsequent
revisions.

3.6.2.3 Project Engineer

The Project Engineer (PE) is recponsible for the activities of
the engineers and technicians on the project team and for the techni-
cal conduct of tests performed under the Quality Assurance Program.
The PE will maintain in the EI building a duplicate copy of computa-
tions and experimental data, and other material pertinent to the
Quality Assurance Program and work being conducted thereunder.

3.6.3 Document Control

The policy and each procedure of the manual will be prepared by
a competent individual, reviewed for adequacy by an equally competzent
individual and approved by a responsible individual.

Revisions to the manual will be p:.cessed in the same manner.

The manual will be maintained and controlled by the QAE who
shall:

a.) maintain a log of manual distribution, and

b.) will employ a transmittal and receipt form
for the initial distribution and subsequent
revisions.

Each page of the manual will display the latust data and revision
number. A history of all revisions will be maintained in the Quality
Assurance files by the QAE. Single page revisions will not be
allowed.

All records will be identified by the project name supplied by
the client.

3~13
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Y - 3.6.4 Trained Personnel
- Trained personnel will be used for all work and testing, and '
.] experience and education histories will be filed in Quality Assurance
| files. Records will be maintained of all additional training,
including the use of the Quality Assurance Manual,
[: 3.6.5 Handling, Storing, Tdentification, and Control of Test ~d
Specimens

el

Handling, storing, identification, and control of all test
specimens will be conducted in accordance with established Quality
Assurance Manual procedures. Measures will be taken to prevent
damage, deterioration or mismarking of test specimens. If required,
special protective environments will be used,

e —

3.6.6 Calibration of Instruments

[ All instruments on which data critical to tests are being
1 rerformed, shall be calibrated at least anavally using standards
[‘ traceable to the National Bureau of Standards. Instruments so
" calibrated will be numbered, and duplicate calibration records and a
log will be maintained by the PE and the QAE. Instruments will not
' be required to be calibrated to a greater degree than is required by
the test procedure.

3.6.7 Auditing

The QAE shall conduct audits of the program Qhen at least half r,
the project effort has been conducted. Audits shall be performed in

{ accordance with checklists, documented and suitably signed off. The
audit report shall be distributed to the EI President, Project

| Manager, responsible Project FEngineer, and filcs. The QAE will

'] include in the audit report a statement regarding the effectiveness

of the Quality Assurance Program.

3.6.8 Reporting

Work conducted under this Quality Assurance Program will be
ceported in a format specified by the client. A typical letter
report will include a letter of transmittal, a table summcrizing test
results, and copies of the data. The report will be approved by the
Project Manager.

3.7 PROJECT REVIEWS AND PRESENTATIONS

The RFP stipulates that there shall be numerous revievs of the
project. The first will be a kick-off wmeeting, at the NRC Washington
offices. The presentation will be made by the Project Manager, who
will be accompanied by the Project Engineer and other appropriate

e personnel., The presentation will be accompanied by slidez or other
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visual aids as are deemed appropriate by El or the Project Officer.
A proposed agenda will be submitted to the NRC fifteen (15) days
prior to the scheduled meeting. Any questions or comments that arise
on the work completed to date, will be answered by the EI team,

All other Task Order Items, meetings and reviews will be held
with prior schedule and content approval by the NRC. .-

3.8 PERSONNEL REQUIREMENTS

Based on the tasks described above, and the time limitations
stipulated in the RFP, the requirements for personnel are presented
in a matrix for each task and labor category in Table 3.1. The ratio
of senfor engineers to junior eugineers uill be 3:1. Definition of
these categorles of engineers is given in section 5.0,

At the proposal clarification meeting on Harch 12, 1982, NRC
suggested that the manhour effort for mining engineers be increased,
with corresponding reductions for civil, mechanical, and electrical
engineers. The revised personnel allocation table reflects this
svwggestion, Justification for the level of effort is given below.

e The project manager will spend 2,200 hours
for task I and 480 hours for task II.

e The assistant project manager will assist
the project manager as necessary, and provide
input in his area of specialty. He will spend
1600 hours on the pro’ect,.

e One project mining engineer will be full-time
on the project. Another project mining
engineer will be utilized as nececsary to
complete NRC task orders in a timely manner.

e The assistant project engineer will be a
mining engineer who will devote 3,000 hours
to the project.

e The principal/staff consultant is president
of EI who will devote 400 hours to insure
that the project technical quality is
maintained, and contractual matters are
properly handled.

e Aside from the Project Manager, Assistant
Project Manager, Project Engineer, Assistant
Project Fngineer, an! Principal/Staff Con-
sultant, who are all mining engineers,
additional staff Senior and Junior Mining
Engineers will be assigned a total of 6,800
project manhours. These Mining Engineers
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represent expertise in mine safety, rock
wechanics modeling, ventilation, stability
monitoring and evaluvation, equipment evaluation
and design, and backfilling.

The geologist will review the site
characterization report and will assist the
project manager in the geological aspects of
design reviews,

The civil engineer will assist the project
manager in civil engineering aspects of
design reviews and is estimated to spend’
550 hours. A ‘
The mechanical and electrical engineers
have been estimated at 400 hours each

The quality assurance engineer will be
involved for about 550 hours, ensuring that
technical quality is maintained to NRC
requirements during the entire project.

The Rock Mechanics consultant is estimated

to spend 560 hours during the project. The
time for other consultants has been estimated
at 1,000 hours at this time. These consul-
tants would be in the areas of thermo'.ydrology,
nuclear engineering, and computer modeling.

3.9 EQUIPMENT AND MATERIALS

No special equipment and materials are required for this project,

aside from the documents to be supplied by NRC.

3.10 TRAVEL

Based upon the stipulations in the RFP Statement of Work, the

following travel has been planned:

e Kick-off meeting in Washington, DC, one day, 3 persons.

® Review meetings in Washington, DC, one day, three per
Task Order, 25 Task Orders, 2 persons plus consultant
for one-third of meetings.

e Six Workshops, 2,000 miles form EI office, 5 days, 2
p-rsons plus 3rd person for one-third of the workshops.

3
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e S5ix Site Visits in field, 2,000 miles from EI office,
5 days, 2 persons, plus 3rd person for one-third of the
visits. -

3.11 SUBCONTRACTS

EI will conduct this project with no Subcont}actors. except for ._
the Project Consultants,

3.12 REPORTS AND DELIVERY REQUIREMENTS

3.12.1 Program Plan and Schedule

A detailed program plan and schedule, including milestcone
charts, and labor allocation by category and by tasks, is presented
in this prrposal for review by NRC. This may be altered if so A
desired and the approved plan will then be submitted prior to
contract award. This will be submitted in the number of copies
desired by NRC. '

After award an even more detailed Program Plan will be submitted,
if so desired by the Project Officer. This will divide the entire
project into phases and tasks., The personnel working on each task
will be identified, as will the work they will perform and the
product that will result therefrom. The initiation and completion of
each task will be shown by milestones. The travel to be undertaken,
along with the staff involved, will be indicated. The plan will
present the work by labor category and give cumulatives for tasks as
well as the entire project. Any other graphics, and progress charts
of interest will be included. Labor, material, subcontract, and
total costs will be given for each task. It is recognized by EI that
any changes in the proposed plan must be approved by the Project
Officer. '

-

Monthly reports will be submitted as required by the RFP. These
will be in the form of a narrative and will include as a minimum:

e the technical results of the research and
documentation accomplished during the report
period

e any problems that arose during the course of the
work and their current status as well as steps
taken to alleviate the problems

e a forecast of the work anticipated to be performed
during the next work period

2O ENGINEERS INTERNATIONAL, INC.
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anticipated problems during the future, as far as
can be predicted, and how these are expected to
be attacked

a comparison of the work schedule proposed in the
original plan with the current status of the work.
If the work is behind schedule the reasons for the
same will be provided, as will the actions to be
taken to rectify the situation

a graph depicting the projected versus actual

expenditures ’
e any change of key bersonnel anticipated in the
future , 3

e report on any trips undertaken in connection with :
the project and work accomplished A

e any inventions or patent applications resulting
from the work during the preceding report period

Any other information that is considered to be of interest to
the Project Officer or NRC will be included.

The number of copies and due dates will conform to the contract
requirements and are presented under the section on "Deliverable
Ttems."

Each month, Engineers International, Inc. will prepare a
financial statement depicting the current situation. It will be in
tabular form, and will provide the expenditures of the past work
period in sufficient detail to be consistent with the categories
in the cost proposal. The cumulative costs to that date will also be
given, and a graph of expenditures versus time prepared. This will
be superimposed on the plot depicting planncd costs. Any gross
3.12.3 Deliverable Items

All delivery requirements mentioned in the RFP and included in
the contract will be met. These are expected to be:

Deliverables Quantity Due Date
Monthly Progress Report 5 Within 20 days after the end
of the reporting period.
Oral Reviews 1 At contract initiation and as

requested.

>2ENGINEERS INTERNATIONAL, INC.
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Deliverables Quantity Due Date
Technical Meeting Reports 75 As requested, '.
Workshop Reports 6 As requested. ;
Site Visit Reports 6 As rcquestea. -
Draft Report . 10 Within 3 months after the
issuarce of each Task Order.

Final Report 10+ 15 days after the receipt of :

reproducible -- NRC comments.

master ' -
Meeting, Workshop, 5 15 days after item.

and Site Visit Reports

’ENGINEERS INTERNATIONAL, INC.
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4.0 PROJECT SCHEDULE

Based on the time limitations mentioned in the RFP and the tasks
discussed in the Technical Plan (Section 3.3) a schedule and milestone
chart has been prepared which is shown on the following page. The
preparation and submission of reports. An attempt has been made to
inftiate each task as early as possible and to conduct tasks concur- --
rently whenever practical, so as to ensure timely completion.

Reports to the Nuclear Regulatory Cuommission and project reviews
are also indicated. ’

El anticipates no problems in fully C)mplyiné with the RFP
requirements outlined in the RFP. All time stipulations in the RFP
will be met. 3
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PROGRAM SCHEDULE

PROPOSAL P=313
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5.0 ORGANIZATION

5.1 ENGINEERS INTERNATIONAL, INC.’

Engineers International, Inec. (EI), was established in 1975 as a
consulting engineering firm, serving the minerals, construction,
energy, safety, waste management, and environmental industries. To
date, it has been engaged in exploration, feasibility, design,
planning, and research.

Engineers International, Inc., personnel have varied experience
in industry, consulting, research, and teaching. Most of the profes-
sional staff have advanced degrees and registration in various
states. In additional to its own competent staff, EI has agreements
with a number of nationally and internationally known advisors and
consultants who participated in projecis as their services are’
required. Thus, EI can bring to bear an enormous reservior of
expertise to any given project. '

Engineers International, Inc. is a project-oriented company and
assigns its best talent in a given specialty to each project requir-
ing such competence. Each project is managed by a senior person with
qualifications appropriate to the project under consideration. This
Project Manager then assigns the component project tasks to the staff
members best equipped to perform the work. Thus, the benefits of the
best available knowledge are obtained for the project. The overall
responsibility for the projects rests with the Principal of the

- Company. =

As a matter of policy, EI maintains a strong commitment to
research, in addition to performing design and construction projects.
This helps EI staff to remain abreast of the latest technology, while
still retaining a pragmatic approach to its projects.

The firm offer extensive expertise and experience in the ficlds
of mining systems, tunnel design, safety engineering, ground control,
blasting, subsidence, slope stability, ventilation, dust control,
mine reclamation, drilling mechanics, foundation engineering, high-
pressure water-jet technology, and mineral exploration.

The corporate offices and major laboratory facilities of Engineers
International, Inc., are located in Downers Grove, Illinois about 25
miles due west of downtown Chicago.
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5.3 PROFESSTONAL STAFF LEVELS

El administratively assigns its staff to positions or levels
Ccommenserate with their technical abilities, managerial skills, and
level of responsibility. The several levels currently in use by EI
are appropriate for the size and na<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>