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Introduction 

!t is the policy of the Department of Justice to encourage 

self-auditing, self-policing and voluntary disclosure of 

environmental violations by the regulated community by indicating 

that these activities are viewed as mitigating factors in the 

Depart~ent's exercise of criminal environmental enforcement 

discretion. This document is intended to describe the factors 

that ~he Department of Justice considers in deciding whether to 

bring a criminal prosecution for a violation of an environmenta: 

statute, so that such prosecutions do not create a disincentive 

to er undermine the goal of encouraging critical self-auditing, 

self-policing, and voluntary disclosure. It is designed to gi• 

federal prosecutors direction concerning the exercise of 

prosecutorial discretion in environmental criminal cases and ' 

ensure that such discretion is exercised consistently nationw 

It is also intended to give the regulated community a sense c 

how the federal govern~ent exercises its criminal prosecutor· 

discretion with respect to such factors as the defendant's 

voluntary disclosure of violations, cooperation ~ith the 
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GEOTECHNICAL DESIGN SUMMARY REPORT 

1.0 INTRODUCTION 

The purpose of this report is to provide the geotechnical basis for the design of a system 
to support the rock in the roof of Room 1, Panel 1. The system must ensure that the room 
meets the functional requirements necessary to support its use as an underground laboratory 
for the study of gas generation from CH TRU radioactive waste (Molecke, 1990). This 
research program, called the Bin Scale Testing Program, Is under development at the present 
time and the experiments are expected to start in the second half of 1991. The Geotechnical 
Design Summary Report interprets the geologic and rock mechanics data presented in the 
annual Geotechnical Field Data and Analysis Repons (US DOE, 1991 a: US DOE. 1990) and other 
occasional reports (US DOE. 1991 b) and presents the geotechnical assumptions that have been 
made for the design. 

The geotechnical investigations at the WIPP are comprehensive and provide detailed 
information on the site conditions that is not typically available for an engineering 
design. This has enabled the Geotechnical Engineering Section, Westinghouse, WID to 
establish a phenomenological model that explains the performance of openings. This model 
establishes the mechanisms that must be addressed by the design of the support system in 
order to control the roof conditions in Room 1, Panel 1. 

1.1 BACKGROUND 

Room 1 of Panel 1 is currently 5 years old and must remain accessible for a further 7 years 
in order to support the bin scale testing program. Following the collapse on February 4th, 
1991 of the roof in the Site and Preliminary Design Validation (SPOV) Test Room 1 that 
confirmed the concerns raised by the Geotechnical Engineering Section concerning the 
capability to maintain the Panel 1 room for the period of the bin scale tests. a panel of 
Geotechnical experts was formed to evaluate the life expectancy of the underground room in 
which the tests will take place. 

The panel concluded that if no additional remedial measures were taken, the rooms in Panel 1 
are likely to have a total life of seven to eleven years from the time of excavation using 
the currently installed roof support system, consisting of rockbotts. Mining of Room 1, 
Panel 1 began during the second half of 1986. Therefore the remaining life of this room is 
anticipated to be between two and six years (US DOE, 1991 b). The most current geotechnical 
field data from this room (US DOE, 1991, in preparation) does not indicate that its 
geomechanical performance differs significantly from that observed in SPOV Test Room 1. On 
this basis, the remaining life for Room 1 as currently supported is about two to three 
years. 

The panel members agreed that measures could be taken that would provide reasonable 
assurance that the bin scale tests could be carried out to completion in Panel 1. They 
suggested a number of alternative actions that could be taken and recommended that the WIPP 
project evaluate the alternatives and select one, or a combination, of measures that would 
assure continued use of the rooms over the period of the tests. They also indicated that 
the measures should be augmented by a monitoring program that would regularly assess the 
geomechanical conditions and that maintenance should be carried out as a routine activity in 
the rooms as they aged. 
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The WIPP project has evaluated the support systems suggested by the Geotechnical Expert 
Panel. The initial evaluations looked at support systems that could be installed within 
the rooms and would provide a passive support as the rock moved Into the excavation. These 
systems were eventually abandoned because they interfered with the fundlonal use of rooms 
as a locatlon for the bin scale tests. Problems were associated not only with the physical 
size of the supports which limited the number of bins that could be placed in a room but 
more Importantly, the support could not be placed where It was needed (I.e. midspan, where 
the largest loads develop) without eliminating access to the bin locations. 

The project has then assessed the installation of additional rock reinforcement in the roof 
of Room 1, Panel 1 as a means of extending the life of the room. Rock bolts as normally 
installed do not provide the capabUity to establish with any level of confidence either a 
support system with a specific working life or a measure of performance on an ongoing 
basis. Therefore, a composite system of support has been designed that Incorporates beams 
at nominal nine feet centers along the length of the room, supported by a system of tendons 
anchored in competent salt in the roof with lacing and meshing. The rock reinforcement 
system (I.e. anchored steel tendons) has been designed as rock anchors, where appropriate, 
because rational design approaches are available for their design and extensive field 
testing programs are typically used to confirm the design. 

1.2 DESIGN METHODOLOGY 

The primary emphasis of the anchorage system is to guard against the most probable modes of 
movement that may lead to collapse. The design requires detailed site specific geologic 
information, the study of information from relevant case studies. design calculations based 
on available data for the rock and the anchorage systems and field tests. Field proving 
tests of the anchorage system and the monitoring of support performance during its 
operational life are essential considered to the success of the system. 

The bases for the design approach are the recommendations prepared by the Post-Tensioning 
Institute (Post-Tensioning Institute. 1986) that provide guidance in the design installation 
and testing of rock anchors. In addition, Information from other publications that relate 
to the design of rock anchors and their field performance have been used, where appropriate 
(BS 8081, 1989; Corps of Engineers, 1980;) UtUejohn and Bruce, 1976). These publications 
provide guidelines to rationalize procedures for the design of rock anchors. As far as 
possible, the guidelines given in these documents have been followed but where the 
recommendations have not been, the reasons ~ discussed in this document. 

Although the support requirements for underground excavations at the WIPP are not as great 
as that typically needing rock anchor support, the rigor of the design approach for ground 
anchors and the extent of the proof testing that accompanies the installation of every 
anchor justify this approach for the design of1he roof support system in Room 1, Panel 
1.These anchor systems are designed to be effective for extended periods of time and 
consequently require special design and quality control in installation. The design 
approach requires the performance df each anchor to be establish quality control in 
installation so that the performance of the overall support system is effective. This Is in 
contrast with the design for rock bolting which does not generally attempt to determine the 
performance of every bolt or to determine system performance. 
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2.0 STRATIGRAPHY OF REPOSITORY HORIZON 

The proposed underground storage facility is located 655m below the surface in bedded salt 
of the Pennian Salado Formation. A generalized stratigraphy showing the facUlty levet is 
given in Figure 2.1. Over 365m of impermeable evaporitic deposits separate the facility 
horizon from the overtying sedimentary rocks and 620m of evaporites lie below the facility 
horizon and provide a barrier to Permian limestones and sandstones. 

Halite is the most abundant mineral in the Salado and occurs in thick beds intercalated with 
thinner beds of polyhalite and anhydrite. Salado halite is rarely pure and usually contains 
trace and minor amounts of foreign material including day, anhydrite and polyhallte. 
Halite crystal size and morphology vary considerably, and various large and small scale 
sedimentary features are abundant throughout out all of the Salado Salt. A detaUed 
discussion of the Geology of the Salado formation can be found in the Geologic Mapping of 
the Air Intake Shaft at the Waste Isolation Pilot Plant (U.S. DOE, 1991c). 

The facility horizon lies within a 12m thick unit consisting of halite, argDlaceous halite, 
and polyhalltlc halite. Figure 2.2 identifies the typical geology within this unit 
Observations indicate that these geologic conditions are consistent across the site at the 
repository horizon. Figure 2.3 a. b, and c provide the stratigraphy exposed in Room 1, 
Panel 1. 

A 0.3m to a.Sm thick layer persistent bed of sulfate (anhydrite and polyhallte), identified 
as Marker Bed 139 lies about 1.sm below the floor level. Considerable lateral variabHlty 
in composition and thickness exists within this sulfate bed at both the regional and 
repository scale. The variabHlty in thickness Is associated with the top of the deposit 
and undulations of the order of 6 inches have been observed in 4 inch diameter bore (Holt, 
1991). The bottom of the Marker Bed Is sub horizontal and is undertain by Clay ·e-. 

Anhydrite beds Oess than 10mm thick), called anhydrltes •a• and "b" occur about 4m and 2m 
above the roof. Thin clay seams called Cay G and Cay H are associated with the bottom of 
these beds. In addition, a thin day layer identified as Clay F is found intermittently in 
the immediate roof of excavations. 

The Marker Bed 139 and the clay layers can have a significant impact on the mechanical 
performance of excavations. The clay layers provide surfaces along which slip can occur 
whereas the Marker Bed acts as a unit that does not deform plastically with time. In 
addition. the undulating nature of the top of the Marker bed wm resist shear movements 
along the Interface with the overtying salt 

3.0 PROPERTIES OF ROCKS AT REPOSITORY HORIZON 

The reference material properties for the repository horizon rocks are provided in Table 
3.1. These properties are based on laboratory tests carried out during the site 
characterization phase of the WIPP Project.(Kreig, 1983). The tests have demonstrated the 
range of mechanical properties associated with the WIPP strata, and in particular have 
defined the time dependent behavior of the salt. 

Salt is a material that flows when subject to deviatoric stress conditions. This behavior 
has long been recognized in the mining industry (Baar, 19n; Dreyer, 1981) and considerable 
efforts have been made to characterize this response from laboratory creep tests. However, 
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extensive experience within the mining industry has demonstrated the difficulties involved 
in establishing in situ performance based on the laboratory characterization of salt creep 
{Baar, 1977). 

. 
The mechanical response of the salt at the WIPP has been characterized by a steady state 
creep law that was developed in the ear1y 1980's by laboratory creep tests on the Salado 
salt {Hansen, 1979; Hansen and Mellegard, 1979; Heitmann et al, 1980). This constitutive 
law relates creep strains to stress and temperature. The relationship ignores transient 
creep effects that will influence ear1y time deformations and does not include dilation of 
the salt that will occur when the rock is subject to deviatoric stresses and low confining 
pressures. The steady state creep law has been used in the model studies to establish 
predictions of the structural performance of the openings. 

Field observations at the WIPP {Cook and Roggenthen, 1991) and in the Car1sbad Potash Basin 
{Greenwald and Howarth, 1938) have shown that the brittle behavior of salt under deviatoric 
stresses with low confinement can be a significant factor contributing to the mechanical 
performance close to excavations. However, the brittle behavior of salt has not been 
characterized by laboratory studies and constitutive laws for salt do not include fracture 
development or rock dUation. The evaluation of performance based on the steady state 
stress law must take into consideration the limitations of the constitutive law applied to 
the salt. Provided that these limitations are understood, and the structural responses of 
other stratigraphic zones are proper1y modelled, it wHI be possible to establish useful 
models with which to predict the structural performance of excavations at the WIPP. 

4.0 IN SITU STRESS REGIME 

The initial stress state at the repository horizon is established from Heims Rule for weak 
rocks {Hoek and Brown, 1980). This rule establishes the vertical stress as dependent on the 
depth of overburden and its average density, and the horizontal stresses to be equal to the 
vertical stress. Taking the average density for the overburden at the WIPP site as 2130 
kg/m"'3, the initial stresses at the repository horizon are about 2000 psi. 

Measurements of virgin in situ stress in salt are difficult to achieve since the measuring 
techniques assume that rock behaves in an elastic manner (Hoek and Brown, 1980) whereas salt 
deforms plastically. However, hydraulic fracturing tests have been carried out in boreholes 
in salt at the WIPP In order to estimate the stresses (Wawersik and Stone, 1986). Although 
data interpretation was difficult, it was concluded that the virgin in situ stress state at 
the WIPP is approximately uniform in all directions and that the stress magnitudes 
correspond to the weight of the overburden. This conclusion confirms, the assumptions 
normally made for the far field stress distribution in salt, and with theassumptions used on 
for design the WIPP Project {DOE, 1986). 

5.0 STRUCTURAL RESPONSE OF EXCAVATED ROOM . 
Field observations form the basis for a phenomenological model of the structural performance 
of the underground excavations. This performance is best characterized by data from the 
SPDV Test Room Panel. These test rooms are among the oldest excavations underground, having 
been constructed In March and AprD, 1983. The rooms have the same size and shape as those 
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in the proposed waste storage panels and are located at the same geologic horizon. They are 
relatively large excavations with each room having a nominal height of 3.95m, width of 1 om, 
and a length of 91 m. The rooms are separated by 30m wide pUlars. This configuration 
results in an extraction ratio in the Test Room panel of about 25 percent. The rooms were 
excavated in order to confirm the geology, validate design assumptions for the underground, 
and provide data, where necessary for revision of the design. 

Observations of the performance of these rooms have been routinely made over the past eight 
years. They have established room performance in terms of room closure, rock movements and 
the development of fractures in the immediate vicinity of openings (US DOE, 1989; US DOE, 
1990; Cook and Roggenthen, 1991 ). SPDV Test Room 1 has provided the most complete picture 
of the structural performance of an excavation. Measurements were taken in this room over a 
period of almost eight years, from Immediately following Its excavation untN a major roof 
fall occurred. Different stages in the performance of the room can be related to its 
roof /floor closure history (see Figure 5. 1). Other rooms are showing the same general 
behavior but none others (outside of the SNL experimental area) have yet faHed. SPDV Test 
Room 1 provides the most detailed example of the performance that can be expected from other 
rooms having similar geometries. 

In addition, numerical analyses have been carried out to evaluate the structural performance 
in terms of stress and strain redistribution taking place about excavations with time. The 
analyses have used the near repository horizon stratigraphy described in Section 2.0 and the 
mechanical properties of the rock types provided In Section 3.0. Of particular significance 
to the interpretation of the model, are: 

o the time dependent relationship governing the mechanical response of the salt 

o the properties that control bed separations .at the strata interfaces 

The field observations and the numerical analyses have been used to develop a model of the 
mechanisms that occur in the roof of an excavation with time. The model is primarily based 
on the performance monitored In SPDV Test Room 1. The various stages through which the room 
passes according to the model are shown in Figure 5.2. The field and analytical data 
supporting this phenomenological model are given in the following sections of the report. 
It is expected that rooms having a geometry similar to the SPDV Test Rooms and the waste 
storage rooms will eventually pass through all the stages Identified in Figure 5.2 unless 
remedial actions are taken to control roof deterioration and roof movements. The roof 
support system for Room 1, Panel ls based on the need to control the conditions Identified 
by the model. · 

5.1 ROOM DEFORMATION 

Rooms with similar geometries have shown relatively consistent deformation characteristics. 
Although actual magnitudes of the room closures show a range of values. The variability in 
the closure rates Is demonstrated In Table"S which lists rates of closure at mid room, mid 
span for the SPOV Test Rooms and the rooms in Panel 1 all of which have simUar geometries. 
The highest closure rates appear to be related to the room closest to the barrier pHlar and 
are lower In the middle of a panel and at the solid abutment. At present, no correlation 
has been established between closure rate and variables such as mining and variations in 
stratigraphy that might explain these differences. The variability in composition and 
thickness of the Marker Bed 139 may provide another explanation. 
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The changes in roof profile with time are shown in Figure 5.3 based on data from SPOV Test 
Room 1. The room deformation, initially symmetrical about the room center but after about 
five years. the roof /floor closure, become assymmetrlc with one side closing faster than the 
other side. This behavior identified from SPOV Test Room 1 has been measured in other
locations within the facilltY, and may be considered typical of the performance in the wider 
span excavations at the WIPP. 

5.2 ROCK DEFORMATIONS ABOUT ROOM 

FIELD DATA 

Deformation measurements show that the rock mass deforms with time and that rock movements 
generally reduce with distance from an excavation surface although this behavior Is modified 
at strata interfaces. Movements occur both normal and parallel to excavation surfaces. In 
particular, the Anhydrite 'b' in the roof and the Marker Bed 139 In the floor are associated 
with relatively large vertical and lateral deformations. Typicai inclinometer data from a 
room cross section are shown in Figure 5.4 for inclinometers, and in Figure 5.5 for 
extensometers. 

Bed separation has been identified at the Anhydrite 'b' In the roof after approximately 
three years. Separation at the clay/salt Interface beneath the anhydrite 'b' appears to 
increase at a rate of about 25mm per year once the bond across the interface is broken. 

The geotechnical data show that the roof and floor of an excavation act as a series of 
flexing beams separated by zones or planes across which differential movement occurs. This 
is largest at the anhydrite 'b' but does occur at other horizons above and below the 
excavations in association with strata interfaces, generally day /salt interfaces. lateral 
shifts in the roof indicate that beam flexure was stDI occurring at a depth of 15m. In the 
floor, deflections were not as pronounced, and have largely disappeared at a depth of 15m. 
Differential lateral movements of about 12 mm per year have been were measured in the 
immediate roof beam, five years after excavation. These rates of movement have been 
confirmed by the monitoring of lateral displacements In old excavations (Francke, 1991). 
Rock deformations about a room also is governed by fracture development. The typical 
fracture development observed in the wide excavations is shown in Figure 5.6. The most 
significant fractures are low angled shear fractures develop at the rib/roof interface of 
excavations. In SPOV Test Room 1, these fractures became sufficiently persistent and 
continuous that a detached wedge formed the roof in SPOV Test Room 1 fell in eight years 
after the excavation of the room. Precise surveys of the roof In SPOV Test Room 1 following 
the rock fall are shown in Figure 5. 7 and Indicate the geometry of the roof cross-sections 
to be arch shaped. The condition of the roof in Room 1, Panel 1 is shown in Figure 5.8 as 
of the summer 1991. 

MODEL DATA 

Roof /floor closure for the model is compared with the field data in Figure 5.9. Roof /floor 
closure rate Is 0.1 m per year (4 Inches per year) and does not vary significantly with 
time. 
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Bed separation provided by the model at the anhydrite 'b' level Indicate that the separation 
is at a maximum above the mid span of the excavation and Increases at about 12mm per year. 
The modet Is compared with the field data In Figure 5.9b. The modet also shows that bed 
separation is occurring at the clay beneath the anhydrite 'a' layer. 
This is not consistent with the field observations which do not indicate bed separation at 
this level. The modal has therefore shown good agreement In the vicinity of the opening but 
may not be accurate with regard to performance at the anhydrite 'a' layer. 

The shear strains are shown in Figura 5.10. They build up with time as creep occurs under 
relatively constant compressive stress in the immediate roof beam and the contours of 
effective strains indicate potential failure planes. These planes are consistent with the 
fracture development that occurs in the roof of excavations with time. 

5.3 STRESSES AROUND ROOM 

Prior to excavation, the strata at the repository horizon are subject to an in situ stress 
field that is uniform in all directions and has a value of about 2000 psi which is 
equivalent to the overburden loading. Immediately the excavation is made, the stresses 
adjust to an elastic distribution. Of particular importance are the high shear stress 
concentrations that develop in the comers of the excavation (MAier, 1991 ). These may 
provide incipient fracturing that later devetop into discrete fracture planes. With time, 
the stresses in the immediate vicinity of the excavation reduce due to stress relief as the 
salt moves into the opening. The excavation disturbs the stresses and the redistribution 
continues over time dependent properties of the sail The principal maximum and minimum 
stresses induced at 0, 3 and 5 years following excavation are shown in Figures 5.11 & 5.12. 
These plots Indicate the changes in stress that take place with time. 

The influence of the stratigraphy on the stress distributions is evident Immediately that 
the excavation is formed. The Marker Bed 139 modifies the structural performance of the 
floor and the anhydrite 'b' effects the stress distribution In the roof. 

In the floor, the Marker Bed 139 acts as a stiff unit which does not exhibit time dependent 
behavior. The variable elevation in the upper boundary of the Marker Bed Indicates that a 
high resistance to shear movements at this boundary develops. These immediate effects were 
also observed in numerical analyses presented by Mckinnon (WIPP /DOE 91-023) at the 
Geotechnical Expert Panel Meeting The salt above and below the Marker Bed will deform with 
time and depending on the slippage between the salt and the anhydrite will maintain high 
compressive stress into the Marker Bed. These high stresses may cause brittle fracture of 
the Marker Bed 139 and its failure which would result In floor heave. 

The clay beneath the anhydrite 'b' Introduces a plane of low frictional resistance into the 
strata sequence. The plane will not support shear stresses, and this isolates the immediate 
roof beam. The plastic flow of the ctay ensures that high shear stresses cannot develop at 
the interface and the low bond strength between the ctay and the salt leads to separation at 
the interface. Once the immediate roof beam becomes isolated, the lateral movements of the 
pillars maintain induce lateral stresses into the beam. With time, the shear strain build 
up in the beam eventually results in the devetopment of failure. 
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FaDure relieves the lateral stresses in the beam. However, due to the continued lateral 
creep of the salt the roof beam continues to be subject to residual compressive stress. As 
the shear faUures propagate in the longitudinal direction, the weight of the unsupported 
section of the roof spanning increases. At some critical length, the strength of the beam 
cross section is exceeded and the roof fails as a unit. 

6.0 PERFORMANCE REQUIREMENTS FOR SUPPORT SYSTEM 

The performance requirements can be divided into two sets. These relate to the functional 
requirements imposed by the experiments and the geotechnical considerations that emanate 
from the functional requirements. 

6.1 PERFORMANCE 

The functional requirements in order to support the bin scale experiments in Room 1 of Panel 
1 are as follows: 

1. Room 1, Panel 1 must remain accessible for a total life of 12 years based on the 
current five year age of the room and the requirement for a further effective life of 
seven years to support the bin scale experiments (FSAR Addendum). 

2. The bin locations are established along each rib of the room and a central access way 
17 feet wide is maintained down the center of the room. 

These functional requirements mean that not only must room stabUlty be maintained but also 
that creep closure of the room should not impinge upon the envelopes for the access ways and 
for maintenance of the bins. 

6.2 GEOTECHNICAL DESIGN BASIS FOR THE ROOF SUPPORT SYSTEM FOR ROOM 1, 
PANEL 1 

A geotechnical design basis has been developed from the discussions presented in Section 5. 
The design provides a system support of the roof In Room 1, Panel 1 to meet the functional 
requirements described in Section 6.1. The geotechnical design basis is as follows: 

o The support system shall support the weight of the detached rock wedge that forms in 
the roof as a result of the development of low angled fractures from the ribs. 

o The support system shall accommodate vertical movements of the roof that include both 
differential and total displacements. 

o The support system shall accommodate lateral shifts 

These requirements are discussed In the following sections In terms of the bounding values 
that encompass the conditions expected to be encountered In the field. 

A-8 



8.2. 1 ROCKLOAD TO BE SUPPORTED 

The weight of the detached rock wedge that forms in the roof depends on the orientation of 
the fractures that develop. An estimate for the geometry of the cross-section of the wedge 
that must be supported is given in Figure 6.1 a. The estimate Is based on the observations 
of the rock fall geometry seen in SPOV Test Room 1 and the interpretation contours of shear 
strain in the roof (MOier, 1991). The wedge geometry consists of an arched shape that 
forms from low angled fractures starting at the the ribs whose propagation are bounded and 
controlled by the bed separation occurring at the Anhydrite 'b'. 

The design load for each rock anchor has been based on the maximum weight of rock that is 
predicted from the rock fall data. This only develop at midspan and it can be expected that 
the loads requiring support wUI reduce towards the ribs. A representation of the expected 
loads that wm develop in each raw of anchors across a cross-section is given in Figure 
6.1 b. Based on these estimates, the design load for each anchor has been taken as 20,000 
lb. 

The rock load wUI be supported In suspension by the rock anchors from overlying competent 
rock. The concept of transfer of part of the weight of weaker or thinner beds to ftexures 
more rigid strata by rock bolts was originally described by Panek (1962, RI 6138). The 
mechanism is relatively simple and calculations based on it cover the problem os 
stabilization completely (Habenicht, 1983) Hawever, despite the simple nature of the 
suspension process and the relatively simple analysis associated with the design approach, 
the calculations have a limited role in the design and must be supplemented by performance 
tests on the anchors. This is due to the uncertainties associated with rock mechanics data, 
such as rock properties their heterogeneity, stress fields and rock mass composition. 
Design calculations are made to provide a theoretical background, whUe the practical 
detaUs of the design rely on practical site specific tests, field experience and field 
observations (Habenicht, 1983). For instance, it Is possible that the irregularity in the 
shape of the planes of separation that outline a rock body and the unpredlctabUity of 
potential fracture planes can significantly alter the volumes and therefore the weights of 
the rock load that is being designed to be held. 

6.2.2 VERTICAL MOVEMENTS 

The vertical movements that the roof must accommodate are a combination of salt creep, 
dilation of the salt due to fracture development, and gravity effects once fractures have 
formed. 

The total displacement has been taken as 38mm per year vertical lawering of the roof at 
midspan. The differential movement Is taken as the difference between displacement of the 
roof at mid span and that close to the ribs. The differential movement to be accommodated 
by the design has been taken as a mdimum of 25mm per year. Roof displacements are not 
always a maximum at mid span. Once fracturing becomes visible in the roof along one rib, 
then the field data shows that the roof deforms asymmetrically with one side lowering more 
rapidly than mid span or the other side. 
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6.2.3 LATERAL MOVEMENTS 

The lateral displacements occur at strata interfaces and within the immediate roof beam 
where discrete fractures have formed. These lateral shifts may be associated with the 
widening of fracture apertures and bed separation. The lateral differential displacements 
have been observed up to 15m into the roof at strata changes particularty the clay /salt 
contacts. The largest shifts are found at the day /salt contact below the Anhydrite 'b' 
layer. Lateral shifts can also be expected within the immediate roof beam where fractures 
form. The support system should be designed to accommodate a lateral shift of 12mm per year 
and bed separation of 25mm per year at the day/salt contact below the Anhydrite 'b' layer 
once the bond at the interface is disrupted. 

6.3 DESIGN CONSIDERATIONS 

Despite the simple nature of the suspension process by which provide support to an 
excavation and the relatively simple mechanical analysis associated with the design 
approaches. based on this process, calculations play a limited role in the design anchors 
and must be supplemented by performance tests on the anchors. This is due to the 
uncertainties associated with rock mechanics data. such as rock properties their 
heterogeneity, stress fields and rock mass composition. Design calculations are made to 
provide a theoretical background, while the practical details of the design rely on 
practical site specific tests, field experience and field observations (Habenicht, 1983). 
For instance, it is possible that the irregularity in the shape of the planes of separation 
and the potential fracture planes that outline a rock body can significantly alter the 
volumes and therefore the load that must be supported .. 

A primary consideration in the design of the anchors must be to ensure that they are 
anchored in stable ground that will not be subject to fracturing. The proposed support 
system wHI support the rock load due to the detached rock wedge from competent ground 
located between anhydrites •a• and "b". The load transfer is accomplished by means of 
ground anchors anchored from 9 to 12 feet Into the roof. The rock mechanics field data 
(Section 3.2) indicates that fracturing can be expected In the immediate roof and up to the 
anhydrite "b" layer. Although slips do occur above this level, there is no indication that 
large separations have developed above the anhydrite "b" level. Therefore, the location for 
the length of the faxed anchor has been above the anhydrite "b" level with sufficient 
allowance to ensure that the anchor capacity is not affected by the separations that develop 
at the anhydrite "b" level or by the location of the mechanical anchors previously 
installed. 

A feature of the support system Is the capabUlty to reduce the tension on the steel tendon 
once the load exceeds the design load. Based on the evaluation of the rock mechanics field 
data (US DOE, 1987; US DOE. 1988; US DOE. 1989; US DOE. 1990), the support must permit roof 
lowering of upto somm per year. The <:Nerall roof lowering over a nine year period will 
therefore, be 450mm. Since the roof wUI not develop load uniformly, the design is based on 
the capabUlty to adjust the loads on each anchor independently. 
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The rock between the anchors may break up as a result of the constraint being applied by the 
rock anchors. The broken rock will be supported by the system of lacing and mesh emplaced 
on the roof between the rows of rock anchors. In reality, It Is expected that the root rock 
will retain much of its inherent strength and the rock will bridge between the ground anchor 
supports located at nominal nine centers along the length of the room. This expectation is 
substantiated by the performance in SPDV Test Room 1 where the detached wedge remained a 
single unit and fell essentially Intact. 
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INTERNATIONAL MINING SERVICES INC. 
RETYPED FAX RECEIVED FROM HAMISH MILLER 

CONCLUSIONS FROM DESTRUCTIVE ROCKBOL T TESTS 

The curves of load vs. extension were plotted for the 1 O rockbolts that were tested to "faUure•. 
The points beyond which non..Jlnear behavior occurred, were noted and these values are given in 
Table 1. below. 

TEST NO. 

TABLE 1 

"YIELD" LOAD BOLT STRESS 
AT "YIELD" 
PSI X 1,000 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

X 1,000 LS 

58.045 
58.045 
56.81 
56.81 
60.52 
58.045 
58.045 
58.045 
58.045 
58.045 

73.475 
73.475 
71.911 
71.911 
76.608 
73.475 
73.475 
73.475 
73.475 
73.475 

NOTE: "Yleld" represents the point on the LOAD-EXTENSION curves where the curve departed from 
linearity. (see attached test results). The manufacturers of the Oywidag bolts give the 
"Yield Load" as 47.4 KIPS, which with a cross-sectional area of o. 79 sq. ins., gives a yield 
stress of 60,000 psi. 

The results thus indicate that the mode of faUure is that of bolt yield and not faHure of the 
resin anchor bond. 

There are slight indications of non-linearity In some of the test results, but it is felt that 
these are due to deformations of the plate and the "bedding-In" of the plate on the salt. 

The test "yield• stresses are between 22% and 28% higher than the ASTM yield stress of 60,000 psi. 



BOLT Tl!NSION vt!RSUS l!XTl!NSION 

"I( 1••••> AOOl'I 2 PANl!L 1 

9 
.... 
' -
: 
! 

'T 

: 
~ 
i-
' 

6 I- -~ --~.-----------
i I 

' I ' 

I /""' , I- I ' 1 
15 r- I -j ! 

f- ~ 
' ~ ""' Tl!ST 8 i ! 

-I 

'Z I -- Tl!ST u 
) f-... i tn 4 ;-

% I 
II : ... 

I 
f- i -; ._ I .... 
I I 

3 L I 
! I -1 

I 
I I 
I- I ~ 

' / f-
I I 

I 
r 

I 

~ 
I 

a 

l f-
I 
I r 
f- // ~ 

L 
I ! 

1 f..-
I 
r I ~ 

/,' 

r- / 
r- I -I ' : 
L 
I i 

I I- _, 
I 
I 
! ' ' ' I I 

I 1.1 1.a 1.3 1.4 ••• 1.e 1.7 1.e e.e 1 1.1 1.2 

Cl!XTl!N9/ 11H > 

2 AND 3 DAYS CURI! 



'A 18888) 

e-

,. -
f-

: 
r-
L 
: 

e I 

L 

i 
I 
f-

:-
s r-

I-
\... .... i • .a 

-4 , -

a 4 
.... ., 
~ f-

I .... 
L 

: 
3 ' 

I -
L 
L 
I 
: 
r 

a 
i 
f-
I 
I 
f-

I r-
I 
I-

1 
! -i 
r-

! 
I 
f-

I • -

··// 

r
,../' 

' . 
' 

' 

' . . 
" 

., .. 
,7:' 

.;'. / 
.:- I ,;· ,,1 

·• I 
• I 

j/ 

,I ' ' I 
I 

I I ' I , 

• 1.1 e.a 

llQLT TeHSIOH IJl!RSU9 l!XTeHSIOH 

---~--
_ _,-!'.'"-. - • - • - - - ••• -

/ 

/ 

' i ' I ' , : , I , , I 

•• :s ••• e.s ••• •• 'T e.e t.9 1 

llXT&NSIOH < incNa) 

I 
..., 



""' 18888) 

• .a 
-t 

! ... 
en z 
ILi 
~ 

e 

-

,_ 

7 -
I 

~ 

,_ 
' 
;.._ 

L 

6 

I 

'-
I 

L 

& 
I 
I 
I 
L 
' 
: 
i 

4 -
r-

,_ 
I 

3 i--

L 

~ 
I 

21 
... 
! .... 
I 
I 

[ 
1L 

I 

L 
I 

I ... 
! 
r Ir 

I ' 

·;," ,, 
'' 

/' 
I . ... . 

i 

' I 

8 1.1 1.2 

BOLT TeNSIOH Ul!RSUS exTeHSION 

ROOM 2 FtANe:L 1 

. /' 
/ 

-, 
i 

I 

\ / 
\ I 
./ 

\ 

I 

\ 
1 

2 

·------TeST 3 

, - / ---------- TeST 4 
I 

"':'! 
, ' , 

, I 

:// 
/ 

, I 
' I 

,' ./ 
·; 

' I 

1.3 .... ••• ••• .. ,. 
l!XTeHSION <inc:,_.> 

e.e 8.9 1 

i 
I 

_J 

~ 

j 

_J 

_J 

i 
"" 

I 

i 
I 

"'1 
: 



r-
• ... 

@:XJ< OOLT~ON TEST p..._~ t .£ '-- ! 
Rock Solt No. PT'OV\3~t-7 I 

Mine WI l"? Rock ~A.L.1.,. c;. Hole Location r?At+&!. 1 -lZp;?t{! '41t 
Hole ~ - l \ '-1' Dia. - @ Anchor G~sp /@ midlX)int I.I/A /@ wllar ~I' 

On.entatJ.on - YEn. CS° J'Pl.§e.At:JCE:) ~ 11 

aoit Grade - Grzw Length - l3 '-o •• Diameter - ~ ii 
Shell Manuiacb.u:er - ti/A MOOel - NIA Diameter - ~IA l

1
1 

Length - H /A. 

Res.in Manuiacturer - C~"tl"T'S 1-t:del - H'9-o'2o\J. Dimnet:.er - !Vq." .1: 
Length - 1'2."' ~idges - ~ II 

Installation Date - oe/13/''1 Time - l t: lC. "!' Torque - WA ft/ .LL 

Test Date - e>i /1 E> /'?; ( Time - \: 0 SP~ Torque - NIA. ft/ lb 
Test J~ - iZ-C.oe.f-~~~s:· Test Puirp - ..-J-2-c...~s ~k~~n.ta I 
DJ.al Indicator - -~--- e~-cu~: ca.Lifi['atea. - ___ Ip, -4-~t I 
Pressure Gi"luge - . ·A<+ ~r ~ ~ Calibrated - ""tS'G l 

I~ BOl~ ~ Displace If 
fressure Tension ~ ment Remarks 

-z. , \lort7.o :;;;., / /• I 
'~ 1r·... ~~ l~A n'2Ao Lb!. ._ t..,1W ' ID. /~'7 

' .e 
'£) 
, . ,.., ·110 - ..., ., 

'Z. "" 
~:.. ., 21'L 'Si'!C> ,.. • ',,..~ J 
a~ 

• ':z. ';il,;I' 

~·u.. - .... ·--- ~ . .,,~ 
i.41!" 

:ll 
1 

' 
" <!!IC .. _, 

• ..... 
' 
' <!! _ S ~1S c •I '7 7 _ .... -;r_"'llQ ,<"""'! ~ •// ,,, A.'~~V I - ..,.....-<'~ ,-J7 I 

• _, ~ 'I J• .! C. - "" w ~ - •• vor; l'. ~ -· 
T. I• • , ~· A'.~L 4 r.=.- ... ~ 4,1rc::;x:, bl~ .. _u-ro~~A- ~ 

\,. '' "~~' o, •L :z. 1''71 • ~~ u_ " -· .. rr4 - ' 
-. ll ,.(,".• ~ 1.171 A1Tl ~ .V~' a/ ,,,, ___ -••wij\1 



Rock Bolt ~o. "Progl~ I 
I Mine -....... ~ Reck. Hole Locatio~ .. ;~J - I 'L II 

1
1 
Hole Lengt:h - _ Dia. - @ Ancnor /@ midpo~ /@ collar __ :I 

Orientation - ~ _ __..,, 11 

I Bolt Grade - ~ ~t:h - ~ / Diameter - ll 
lj Shell ManUfacturer - ~ . MocieV- Diameter - :I 

Length - ~ II 

Installation Date - __ / Time - ---~--........_........._Torque - ------*"'-""tiM,~-.i...Q*'ll 
Test Date - / Ti.me - ---- 'Ib~ - ___ __..f..zt'-'1 lb_i!/ 

I Test: Jack - / Test: f\.mi) - ----.i~ .

1

1l, 

1 
Dia..L. Indicat.Or,/"' A 1 i.orcn:e::i -~ 
Pressure Ga~ - ca1ibrata:i - .:::..... ................... -----

I fLmi> Bolt 
1 Fr~i:z-e Tension 

Displace 
.ment :Remarks f 

I~ ~~ l-~ _. ?" .-<:IOI .6fl!l ~!° 
-, I .. I c:: Cl: 

I ~~\ I I 

11-----+-----+-----+----~----------------;1 

IJ.----+-----4---+----+-----------;i! 

•I ,:1-----+----+-----+-----+----------------1i 



\ 

. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Ori ft: eaot>'\ 1.. - \>4"'-'G: L. I 

Purpose of Hole:. 1'1.t\..L lQ;rt ~ -p:-9m.u.g,lJ~ 
P-+oB\391-1 

I I' Depth at Completion: _.l_\_-_1 _______ _ 

'
~C)" ! Diameter: o ~ 

Approximate Collar Coordinates 

Vertical Angle: YE!Cr · L 'S0 10l.6{2AfJCG) 

Direction/Azimuth: 

Remarks: Tbps1~/-e.cc.lC- AfJcµo~ Je?1 4-r J;oS~ ( 

AN-i::> Cof..¥\ Pt.en;,~. ~ "'2: ooP~ ~ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 

ATIACHMENT l 
WP 09-009 
Page 1 of 2 



Pet~~ u 
Im< OOLIWih<it11Cli TEST 

... 
] 

Mine W\PP Rock µ ...... ~ Rock Bolt No. PfO!>J!>~f-b ri 
1-ble Location ~At.16.L \ -~ '2.. 1 

Hole Length - I I :. 1 ,. Dia. - @ Anchor G::zi /@ midpoint ~tA,. /@ collar !&..:l 
orientat:.lon - :x'.ER..,.. ts- "'n:;:lt.E:2A ~ ~"TM ii 

Bolt Grade - u~c.o I.en;th - I '2 '- u "'s ·· Diameter - tt1 11 
II 

Shell Manuf act:urer - ~LA. Model - N.LL Diameter - .VA II 
II Length - t-1/ ;4 

.--/ ... 1, .. ..t...., II 
Resin Manufacturer - ~J-t:del - 49?-,_ oz....,. Diame~ - 1.V~" 11 

h Length - \~'· No. idges - , II 

Installation Date - ~117>1'1 Time - ll:o+G~ Torque - ~LA f ... 'l.tll .... , 'I 
Tast Date - ~/1~/0jl Time - \'2.: S01"'on Torque - ~!A tt.::lbl1 
bi5ar ~~t!f !o;q~s~ Test ~ - ~~ - ~ 2·S- '>M. '2JSIC. 

~ Ti! .. Qp40 µli'arn:l w~· U.•':>I 
Pressure Gauge - a: ·~ i:f.. 00 I calibrated - ~ ~I u 

~ BoltL§i 
~t.enso-

f' 
meter =lace 

Ii 
Pressure Tension Read.W; Remarks I 

I 
'I.. 14'1• '· '='~~ 'I 4 .... ,._ ~. ,..,, ..z.... 
~ .,4l0 el r7 ... ::I 11 
~ ..... .., o. -' 

II ·~ 

II. .... - o. /" ·'?b 

'~loo ··-~ o.c 'il'rT 11 
lh ,.,~- O• ,,~ .. \ . .,, . o. /fl J 
~ ,, , ... <:!) ./ '7 /\ 
~o ~-.,_ 0 / r.Ji 

'" n' 1"» 0 I~ 'g ., .. 2.91. LA- -·/tr; "7 I 
?,. 

&., ·-
~. :::[/ ,7 'l ?'• •u.'Cl.O 0 • • ~ ':.it 

::ZD ~., .. - ~· ~ ' 
,,,., I 

• ~'2. ~-
,., CJ. ~'"I I 

.lifll "1• :..- r~• '. ~ ... .. ., ' ,._ 
~. . ... 

~ • Cl.2. 7'11.C <::I· r 
~ ,"4· ~· ,.-,. -
' .. ~·1..~ 1rJ , . 

..,.,,_ e - -. 
' - ur" ~ - I ....... lao <::>. ' I 

~ ~ ~ lr-1• - • -? 

• ..... , .. --- .T• 7 

• l ~~·-c 0- '.ol .. ~ . . ~ .. l "'lllaa o • • J\J 
~ ~ .. '1;."JC: a . . I 7 .. 

Loo ... t.10 -- '7 . , Jfl/~Y / ~ ,...~,...,,, ... __,,,_ - I 
~ ,.., . - .Iii ·~ 

"""" 
<jfJ.< ~ 

. 
""' ... ... 'lf) ~< -

" - a: ·~.a ·~ ~ I "7,,,,-, A~--u r~ 9 '7dt!:> /'Ci7 
• 4Yf'J L... ••s- ~-"" htC" ;0~ C- Mi-~. ,a'/A>-Ur'd4'._ JOfl"r 

\ ., 0. 'PF'"' . Ir r...- ~- - n~· .. / :z:.;-.4 .- r___. ~ 
• 0-L.T '{fE,L'D (,,1, 'A- - I .. i-

-

11' ,., I ·--· r J .on--• /.' ..7G1 /11,111 I _, 

Test .Results - Vr ,~~ ~~·rinnmi Pull ~'fit .r-·. = ' '11. ?d'L 
Displacement at MaxllmJm ~~.°rce - ---. • g ,..._ Nat:Ure of Failure/Yield - ~ 1~ i., a ..-oAr .,,,. '1ir·17 1 
ctr.er Re.raarks .!J. it-J.t LUt~ ... ~ LLL~.,.,.~,.,o · ~a."P ~ n 
Tes~ P;y - • D4H1.· -· J •'flpi;ovec:i ey - JJ ,...., 1.1. - ·- -



\ 
\ 

·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: C06/ t3/c:;, I 

Room/Ori ft: P~"6<... I ... ~ ~ 

ATIACHMENT l 
WP 09-009 
Page I of 2 
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ll '-7" Depth at Completion: __ 

. Diameter: 1 3/~., ~ ~Pt£ilfJ,j 
Approximate Collar Coordinates 

Vertical Angle: 

Direct ion/Azimuth: Yelkr. ( s.e 1Pt:atAf.&cE) 

Remarks: ~~l~ / ~ ~'-'on.. '"\6'=sl 49t- tz..: fo'f'--
' ~n CgvJ PQ?re?'D · ~~ '2.: t..f5 _,.,._ ~ 

C,..Ekr1 t=-1 c;A?t'1. D t-( I 

Signature/Department:, AJ. b~ "l/is/q l 

WP Form 2014; 10/15/90 
Page 1 of 1 

11cl ' .. _ 
. ,,.,., 
i /' 



ROCK BOLT3mr:r.FICATION TfSl' got£;;au:r 
Rock Bolt No. 

Reck Hole I..ccatian 1Min 

- @ Ancnor /@ midtx>int. __ _ 

:1.5hell Manufacturer 
I ~-
I fu:lsin Manufac-.....u:-er 
I ~-
1 ~-.sra 11atian Date -

I Ta.st Date -.r~------
Torque -

l Extenso- w IF~ Bo.Lt ireter ~lace I j.c:ressure Tension Reading Remarks 

' I \.l:;j u r~---~-- /,,.,.., p,.,n 
i """' la' ~4~ ~ ,L_# ___ ~- - Q~- ,I w. • NAni 

I 
<:I- .J ~~ ... -;: .. .,.; __ 

I 
,:; "l .l7T ~· LL L~ .'... ~..,. .,,y_ .. -- JV J: II ~- II 

I \ ' "'9~1Sc J:-'l,,J -, ~ II 
I I ""72 ~'?.....- ~.~ ,J:I..,.. "' - Jll1,...., l"f II. r-.JHI 

'l t./ 1S-• / :tl.Z t'• 
~'71? t;':2~ 

, I ., 
6T .r~l'\'r'L I ~" r~ I --- , 

"' ......... ~ ~lt:>C> ,,,. 
- .. 

JJ.'tf-JI. -- .4-'r S-1 .c::>"")~ /7~ 'Jf:JllA'J 
I , .. , "J.I r•~ ~.,. ,.,,, 
I ..-. '"' '· 111 • •• - A"f" .<"'~· 0 c:'6M /8 c-, ~" ,,a,.. ,I 

''"~- _..,Z '1.l~M 
~u r.~ 

,J ,_,_. A- 1':.' l'dllO • '!'~ Gl~ ti - I 's 4S'S"_. .l: !l. r Jiliii - I 
ASr ~.<~ ~~ - ~ - Al .r¥ t!JO J"tJ;1. !I Y•,. TAlh i ,, c.c. ,.,_. .1 : '"ll'<i!' i 

.. .1111" <"""'<::l.::' Ll~J...11.:.... AT' ... ~ r.:i::J. ., 7h" YRA'l l 
I ,.,.,.uP J.: .~ 

LTll S"YF_i ~ ~w;,... Ar ~_x... ..-. P.1\7 !J ,. fflA? I 
I ".,,~ .,. "'~ 

-.Y Hd ~ PleJA? AW' -~ I I ,,. .4..,.. -~7.,_, -I / '10 .. . I - ...... 

I 
• 11'71:( /1"1 /a I HG.l:;f') In ( 5 ,oc.> .. 'P..._"T _ L 7.: 4 0 r ,.~ 

' . . .........._,,.A"J --( l.A.A."" rl(J .t.. 
~~ ........... 

} 

I 
i I 

I 

·-I 
Test Results - M;:iv i rm -- ;:' __:_ L orce -
C.i.splacement at :.faXilmJm Pull c-o - --:lat:i.i.re of Failure~ --Ott.er Remarks t='\ - - -- 7"\ 
:'es•o.:i av - ~,/. I .J.llj , I A .. A .JI • npprove:i By -f-".• r. I& - , ... 

. 



.. 
' • 

I 
W Rock Bolt No • .Ptoe\.39 \- l I 

Mine li='P Reck \.\AL l"TE. Hole Lcx::aticn PA..4U. bo""l,,. I 

I Hole L:an3tll - I~" Dia. - @ And'lor &~eo /@ midpoint ~ /@ c:.ll.:u:- "1LA.....l 
or.iem:a.t.icn - ys:,nicAW- Ls• "'f'CllsPf•JC.WI~ 

1 

Bal t Gcade - (.,tc.o I..e.n;t.h - 13 ' - o" Diametsr - ii-~-----
Shell Manu£acrurer - IJ/A Model - N/A Diarnetar - WA I 

Length - NIA 

Resin ManUfacturer - C6L1"1~ M:deJ. - \.If:,» • o,2D4 Diameter - 1_'1.....:.-i:_' --·!I Length - 1'2." No. cartridges - 3 

Installation Date - oS!i'~J~ I Time - Io: r• c:- Torque - N/4 ft/li:; I 

F ~Bo-~----- Di.tens.'.)- lr 

I 
~ %1:""" meter Displace 

~f=r=e~ss~ur~e::f=Tens=:==5icon:==*Rsaaing=7ir=iiii.~r=l=mentT======f=Relnar====ks======::===================i 
II--~ zo~·~~-Z....1.tc~·-~-!::.---+---A.Q: ..... -:::.u.o'-'~~ ..... ~'-+--~;_'•_•_-·-__ -+------------------11 

-u.o 
ll--~~-+_..,~~-t--"o~.l~z~g,-+-----t------------------------,j 

..., I C"7 

Q-.,,--;L 

0 ,OL. .. 
,., -s· 
o ...... 

-- ... IC """· ... -· .. 
., ... 
rJ -

.--

• - I 

~.,. _ 0111:.n r:z..,.,J.. """' -i ~~ f.!·7· 
.• -• -- r~ 111 "7"('1/ 

111 r't1:.-M~i> &f'lDo ~11"...I l "TO ..;.-;.-:..-i 
ii 17- • - ~,. VL&t- 1~1>1 ~ ·r~1-
tL~.1l> ..,.__ Ci \J\~1 ~ ~· .#~ 
'5ii1;_-~.Jl'~b _,._ .,,., ,,_.__£.~~A-~ 



\ 

·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: ~/13/t:IJI 

Room/Ori ft: ?4'-'~L I - t2coo..., '2. 

?urpose of Hole: P\.<.U.. -,,;~1: J?t?.,e=..gr1"EP 

?1"04013~1 - I 

. ~-··~' 
Location: t-J. &tJt> A~l!;.o)s 4•.Pieo"" d AP1"1Uo~. -..-c- i:~ 
Depth at Completion: l \ I• f '' 

Diameter: I· 51'6 "'4 4 
Approximate Collar Coordinates 

Vertical Angle: v&e:t. (~0 ~~t..tc.e\ 

Direction/Azimuth:. 

"'~~""~'~ 

ATIACHMENT 1 
WP 09-009 
Page I of 2 

Remarks: ee:~1.J/fl«.1:.. ~~ \"G5.'t&'D 4T\t:~0,!!:'Cot:1D~¢\ /2:oS"~ 
fO!.. Cfil-.,. 'itc.A'cKzlJ . 

Signature/Department: 

WP Form 2014; 10/15/90 
?age 1 of 1 



, 

lj BOCl< acLT~£hc;110N U$ ll 
I Rock Bolt No. ?t'C7815~1. '2.. II 
Mine w lPP Rcx:k J,lA\,..\l""W Hele IJ:.cation flWl;S. I -~...,,'L :: 

:r Hole ~th - ll.~' Dia. - @ Ancr.or~ /@ midtx:Jin~ "-/A-- 1 @ collu.r ~:: 
11 Onentation \ltg"T1GAc. l s-'1!~2$Me..,.. 11 
l!Bolt Grade - Giu..o Usa3th - 1-3' -o" Diameter - tie> :: 

1

1

1 Shell· Manufac-....;.rer - N /A Model - ~I/I. Diwl'leter - \l(A, ;: 
I_ Length - Nt" II 
1 
Resin Manu.f~...urer - C il.~ 1 ~ Mo:iel - ti~ • o'Zo 4- Diamem.r - t 11,._'' 11 

Length - 12" No. cart:ridges - ?> :: 

I 

1 ~I(/~ -~ Extensc- 1f 
I fUlTP Bolt met:er =lace II 

1 L"ressure Tension Readin;; Re.-narks II 
I ~ "ll• ~ o.ooo I 
11 

.4 ...... t..d.d .n. oz~ 
t. .,, 

"' ,.., ~-· ii 

" • " ... O.,;':J 
,,_ II 

II 10 r.~ 12J I". .r. ,.~ ~ II 

·~ 
, .... ~ ,,,. , . .' II 

I a. n.,•o ~ •.i I 
lti. 1 vn"° ,.., . ' ·~ I 
rQ. t. 'l"l '!o ....., - ', ,, 
~o Z.Cl"l09 ,..., . -

--,, 
?., z:;a~ ,,, .. ~, I 

'"' 
,.,~ o. " l I ~'- -.· 'llO / p 

I ., .. .... ,,~ c. 7. "il 

I ~ ~- 0"iC1 ,, ~ 
,, I 

• I ~,. ~., SLo (.7. 4§ ,... I 
.zit. 4D"T1':!o. ,;") .... "' , I 
........ .. .d I CICWO o . 'V.<:I l 2<'" ..i.a. 2"Z.S" ,.., ~~ 

':Ill .1Aca~ .;'. . .... ,, .. 
:t• .ii$ 6'1S::- ~· l,l'l'J 

~·~ .. ~, .. r!l• ~.,. U'P 

•" .cL• ,,,. "'- ". r; '!l!. 

I CIC> ,,,. .., • _('j 

l.M ,.. 7_ .f- c:s 
1L• ..,. 

it'~ .... ~ • .r. .., 
4.1 'f1 ,c- ,., . ~ - z;;.i 
41! - - - C:J. C-.i'! r: 
A• 

_, .. 
r~ r7, r· "j 

AL .c, I 0 - • e"' 
'C'"' . ,. A- ,,,. ~ J ... '· - ,.., .. 11~· ........ • 

i. 
....... ~ 

,/, rY .. J(, ·r- ~/---8 ,... .... "'.7£7- ,_ ... ~ 
I II: ' ~.6 '!1. ~"~ rr1. ~ • .....- ,a.'f'.,.. ;z. ,... .. ,,,,, 

I .. V.lffl,.fHI -.J· 7" ..... . 
' 

r I r~ '"ii"' ~ A I 4 L ~ .•. t! LT'--v r~ c.-t'"dCI r.r.::r:. 
' ~ - ,..........,._ -.a.-.A 7~ ~~ .S -r 'DAtr 

'I'es.: .Resul. ts - Af'l.C 
'r'" i '\") Maximum pull Force - Sirl!O:lt: 

-



. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 'i/•J/"'!>• 

Room/Ori ft: 

Purpose of Hole: . P~LL ~-:. t>si>~u.cnv£ 

PTO! 13~ I - "l-

ATIACHMENT l 
WP 09-009 
Page 1 of 2 

Location: tJ. &""' li'Pow. 4•' W o~ ~ ~ APP2t#, rz ~6T "'~W"'I ,J. l5L<.L1(.1+6.a.D 

Depth at Completion: ...;.l .... \'_-_1_''--------

Diameter: \ ,,, " ti> 

Approximate Collar Coordinates 

Vertical Angle: v~. (s• 'l'Ol..611ANa;) 

Direction/Azimuth: 

Remarks: 12.S511J /12.oek. A~ 1'6SJPt> AT 1:31 f?ti

~D Ca.A.o~6b A--T 1: S""~ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 



Mine __.W...a..:.;IP-.P ____ _ Ro:k Eolt No. f'TOI 13~1 • '3 11 
Rock 14AL. 1-re Hole Location ~ t - 'f:-.-. Z.. 'I 

Shell Manufacturer - ~w~ Model - t.J/ A Dia.iletar - N/ A 1
1·! Length - N /A.. ...._ __ _ 

Resin Manufacturer - C.£.L.11-re lwtx1el - Ht;>o -o'b>l.l. Diamet:.er - I '"t" !
1
1 

Length - \ 'Z " No. cartridges - ! 11 

Installation Date - o~li3/':>I Time - \'0:4\ Torque - '-J/A... _tt/li: 

Test Date - Time - .% ~~6 I'm Torque - "1/~ ~~;,h 
Tes-c Ja~ - u · c.o - c..H ~S" ~ Test Fl.mp - Ile-Co• c.11-,.,- c::t..L ~ ~ t~J'.11&. 
Dl.al Indicator - A~~ C.15-_ 0040 l:aJ..µz.,....,...... - t:u.r; to· a. - ':>I 
Fressure Gauge - l.A~]i;i ?S 1 ~ ciw 1 calibrated - oi - oc. -~ I 

?.Jo~ ~ D.tenso- r 
f'Cift'P Sol V--- mei:.er Displace 

1~Pr==ess=:==ur=e=f=Tens==;:::::r.;ian;::==l==Readirq'7"7""1i·~=*ment========lFRemar====ks========================~I 
'Z :Z4"JO ......... ~ I 

IB ,,_.,'lln _, / ~ 

Z." IL ~ _,• A i;;, 
ll----..,.~,,----+--~v~.~~~.,...~~ .• --,~r~~!t+---------;-----------------------------------,1 

•11---~~"---+-~;;ra.~~~··7~-.-+-M.!iiL?~.--~r~J~~--------1-------------------------------------,1 
.. .i! ., cc c:71 ~ "1. 
2• •. tl. .,... ~'7" 1 •• 

'' CC! 1S'° t:'. (I ,.. 

7 ' • - ·1-

11-_.,,~Q~J---+--------+---~~x~/~-+---------+---------.--------------------------il 

- -·~=-L:-*'---



\ 

·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: Y/r~/t!.!!JI 

Room/Ori ft: p.-~e.. I -~ t... 

Purpose of Hole: P~L'- Jl;.~,. ~ "'DG~~1v£ 

ATIACHMENT l 
WP 09-009 
Page 1 of 2 

Locat;on: N. ~NJI )>PY'Lox 4+t w ~ 9. AvPrtox. IS" F-T "Fb::1..,, ~~A{::) 

ll '-7'' Depth at Completion: 

l . ~/a..,, : 
Diameter: v ~ 

Approximate Collar Coordinates 

Vertical Angle: Yt;JLT. l~~) 

Direction/Azimuth: 

Remarks: t2 GS 1fJ / J?.a:.t. ANC 1-loQ 

~ C~"'t"I~ lc..&"ti,,../ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of l 

f, I ~IC,// 
1 , i '; / 

1' · 1: 



ROCK ~ON TEST I 
W\fp Rock ao1t ~o. ?l'"'ot\3!>1~ I' Mine Rock \.lAl..!"rE lble Location P~g I - 2- I 

Hole I.J:.ogth - , ,. • 7 I' Dia. - @ Anchor ~4~/@ rnidp:>int ~/A- /@ coll.:ir ~/A ii 
Orientation - ~. (~"'fl:>~ ) -~ II 

Bolt Grade - Gtz. "° ~th - ~~·-o'' Diameter - cg ii 
If 

Shell Manufacturer - tJ/..t. Mcxiel - NIA. Diameter - 4/A. 11 

LJangt:h - t-J./6 II 
II 

Resin Manufacturer - C&L1 tTE z.txiel - µ ~ - O'l.C:N Diamet:er - \ '!."-'' 
!' Length - No. cartridges -

Installation Date -dif_l~l~' T.illle - 1o:s ,~- Torque - ~/4. ft/.l..Q 

Test Date - 0 '8/iCJ I r5. Tillie - 2 :4.r-({"' Torque - ~/.&. PSl'll'~'JH" l l Tes-c Jack - 1'r - t..o - ,.1J-.;s A Test Pl..m'p - c:t ·9. s ~ 'i ~ ~~ ~AA'-
Dial Indicator - ~~,....._ Ch-004.0 illi'ate:i - 'fiir , ..... u.-0i1 , 
Pressure Gauge - Id.~ ''ld&I: ~ tt CIO I calibrated - CJ'il I~ I - ' c::.. 1. ~ 

f',t )C.100 

~ £)(tense- •t/ot-/11 

[ ~ Bol mei::er =lace fress~e Tension Rsadinq Remarks 
., ----:"} tJ,., 2.4"1.o ,~,ao-

d AA"- 1,.-,.~7 

~ 1410 1....-?-~_, t' ,., lftzCO 1~.,-w; tit:.. 
10 1'2\SD 1--~~ 

. ..., 
l"lL I "4.°21' ,.-, 7-,1 7 
I~ ,,'MO - ,/~· 

''-' \"1&.0 ~ ... ,/~ ,_.::; 

I fl 77,., Al. }L I~ 
70 ~~"'° ~ ,/ ,,;. :z 
'., 211"!0 A 7 " ... '2.w~ -- I ' 

't.. '!.'2.J 10 ~ . J , .... , .. ..a._....._ ,...,_ 
-" ll_ 

a ~"'"] .. Olla -- l,_~ ... ,-
• • "l. 'a.Ac~ ~ ~"" "'-

I ,:I • ... "7!CIC" ~- -~ 
, ,_ 

""" .. • I- ......., P' ~ ,. ,, -- -- ,. . - I.Ji . -. ·~ 
.ii.• IC- !:ii t. • '.t I 

"' 
., 1 ....... •• ~ 'f , <!. ....,.- 1...- - .. ,, . ~ "' IC llSl' """" . ' - 'L 

.I ~ ~ . - .1~ 

~ - -., C' - - ·• -q 
.. §~ \.9IP ... . ~ !:2. 

~ ~~ .,. - -, :a. '<""". 
' -c ·- . ,~ ... 
_, . 

"" C. IO 1,,,,..,. i'~ A~/~ j • ~<""'] 

51-a ... ; ...... . ~---·~ - .. ·~ 
1>1~ 

L 

fU , ..... 4 ,,._.__..:;: A.1--.Y r~ .,.,~-iii_ •"1" 

!~ . ··~ 
~ u w -
• I 
I\, .:z. -;-r.r-".,. _, ·-.':".a_-.,.,_ T 

Test Results - krt:,,---" .... Ir-""{..,.\) Maximum Pull Force - S'BoYS"'-
Dis l.acement at Maxµm.ml Pull force - o. 5:S" 



. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: i/13 /'=>' 
Room/Ori ft: PA~-e:1... l - 'IZDo,.,, "l 

Purpose of Hole: , PllLL TB;,'T : 1'6.~~v..:.. 

Pl o~ IS~ I - q. 

ATIACHMENT 1 
WP 09-009 
Page l of 2 

Location: }l. END 4*'" IA) ~°'""a. A0 Pl't.oJ<. zB-'3c ~ rT't""°"' uJ. ~LL\·lSA-D 
L \ I - 7 '' Depth at Completion: 

13 /tt ti L 
Diameter: 1 'o t;7 

Approximate Collar Coordinates 

Vertical Angle: Vez_-r, LS° TOLG~ 
Direction/Azimuth: 

Remarks: ~~1 I.! /la:G"- ~l.f-JOl't 't68r A-r 2: z5f>~ 
.. At.+l> CD,._,rPC..STS'D 41 'Z:~~ ~rt- c.at:n H41:'l1oN. 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 

l i c/.., 
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1
1· R.esin Manufacturer - ca,. 1-rc;: Model - ~'!lo • o~ Diamet:.er - I""-'' I 

Length - 1-a." No. cartridges - 1 

1 ~,ctco -~ E:)i.tenso- r 
: FUirp Bolt meter Displace 

1 1Fressure Tension Rsadi.n; mern; .Remarks 
I 'Z. .24"1• r-J, = ~-= 

I 4 .d.CMlo -- ~-"""' 

1. " -... eo ~ l"""'l"T A 
I 'i"ftP - ~~ 

I \0 ,~,co ..... l ~ 
I l'+a.t I/ / / I 

I I "l. l'12-- ,.. /4'Y' 

I ' .. '"""° I""' J., "7 
I IC~ 2.1.,. ... ~ ---· 70 741m0 a. . ., ' 

7"1_ .,., l'lo ,_ <C"' , 

'-~ "'~ Jl"'J ~ "?~ 

?I- :a.•u10 JA. :'4- I "7~ tA.C°Gft 1...-t. ,'~"" 
~ -~dl:D ...... l • ~16'1 l 

• 2.'L !tA.!1;2lD I/?. 'Ln 
' ..... ,..,.,« ,.,..,_ -.. ., .:z. 

l\J.. .. "-
,,_ ... .~ 

I '~ "- 1 .. .,.,c ~t. ~~I 

I ;lj ..! ........ !9 I""' .~ 

a• ,,/. IS"' 
_. 1 ..... ,:f JI 

I ~ . .... ·, . :. " I 

I ~· .1r.c ,,. ~J ·~ .. 
I • ) Id: l..lii! -u. '(~ 

' ~ '.A• c. .. u "! 

I A' I• ,_ ,..,,- -~ 

" II' 

I 
4' .... , ...... .,, .. ~J .... ' ~. - -A. '.I,. 
4. ' :"'\~ o, .-,'l! 

I "''. r,,t, it> ....... ,- r. • 
4 ~ ~"'' 'I: 

,.. , 
~· ~.:l I • L~ !Iii: 2. 0 -,,,, 
.~ 

...., -I • ~c J'~C C" , ... . . ilL -· ~ - T""'9 1!}r0r;J ~ 

! 
.u. .... ,,. 

- ... .. ~·f""" ""', ~- u - - "',__.,. ..c r-r 
... p 111 ...,_ y_<:I 
~· i-

I .. ~ T~-··.....,-.r 7.A':"'l-. '7: 'l.J-Pn1 

• 

Test: Results - ri.rr~ ""g:) Maximum ·1 Force - (nc ~ls:_ 1%-
~ ~.o..splacement at MaxllLlltl Plill x orca --'OL!..' 'J.S../:!IJ.:..iµui~_1___,.~----------

:iu=e ot Failure/Yie!'& J!,,..,,,- 'fUilD ta"tic><> Pi< J 
~~~.ks&. ~ ApprovecI gy - tr;. n c-s:ii 



. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: ~/13/CZ>/ 

Room/Ori ft: F'A&JEH ... I - t?.~ 2. 

ATIACHMENT 1 
WP 09-009 
Page 1 of z 

Purpose of Hole: , P"'-LL. IC?7 · .. l?c?r&«cn"~ (,~!NB, l'o', r) 

P'roi)3'/-S 

I 1 II Depth at Completion: _,_,_. ________ _ 

\ ~/ .. II: Diameter: ru ::i 

Approximate Collar Coordinates 

Vertical Angle: y~(Z.T. [ 5° 'IOLEQ..4~~) 

Direction/Azimuth: 

Remarks: 'g..0tlJ ( JZeC.t,. At-CY<?~ J""E3S>T A I Z,' 3g (/~ 
At.JD ~PL&~DA-1 2:ss P!'.b. ~ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page l of 1 

lJ. ~ r/N/tll 



Rock Bolt No. ~o~I 
Mine W \~ Reck \4A.l..l1'1? 1-ble Locatiant - 2. 

Hole ~-qth - l!.!."'e Dia. - @ An::har6Au9E.b/@ midp:Jint H/A /@ collar ~ 
Orientation - 'y~e:r'<Ak i 'S• ~NCR"'>~ 

lib_1_! __ Gr_a_cte_~-~-~--~------ ~m - 13 _'_-_o_'"'_cs __ .. ___ 0_1_· a;_:ne_-ter __ ::_-1i:e_~~---~-----
sne11 Manufacturer - -..J/A. Medel - kit.A. Diameter - ...VA 

I..erqth - NIA 

- - - . --· - - --- -
. ~ Dl.te.nso-

pu;rp ~ Bon Il"Eter J?~~pla.:.e 
~essure Tension c.:=rH.ra ,_ ~ Re.~~ 

~-0.11.-.1• 
-~~/ ....... 
~~r&•'l_,I nc--a. _,,,, --- o. 4, .. 
~ --·~ a.~ 

_ .,...,""' Asµrc o.~oi. 

--------<• 



W\Ff Rock U4L J"r tZ 
Reck Solt ?:10. hoAoe~ 1-1 
Ible Location 

tat.ion - ==========================:::::::;;:::;:::::::::'.=~======-== --=== 
Hol~~ - Dia. - @ Ardlor --~@ m.idp:)int ___ /@ col~ 

Bol_t_Grad.e -·_ == ~ ~th - ====::::;::z-::::_:-:.: ... ~ame=ter=:._---=--=-.=--=--_--__ _ 

Shell =~er - ---- -----~---- Diaraeter - ___ _ 
>--

Resin .Manuf ~-turer - ~ .. ~ Diameter - ----
1.erqt.h - ~ /NO. cart;i~ ------""""' .... _,--.----------

Installation CBte :;..././...__ ___ Time - ____ ......... -"~......,1.:::1 ... - ____ .... ft::::.lul.b-

&.t.anso-
Punp ~ Solt. meter Displqce 
Pressure Te.n.51on __ ~- ment -~arks _ 

'-----+--·---4-----~f------~ j'F:>"T--l"tJ;M I 0~ 1~ 
--- ----+---- -·--··--+-----1 ----+------'"2.=\~~---------
-----+-----+-----+-----1--·---------------~I 
--------------4--------t-----1------------------·-
---·-+----+------+-----f-------------------·-

ll-----+-----+------+-----1------------------

11------+------+----------1------------------

~----+-----------+--------------------------ii 
ll----+-----+------+-----1-----------------------·-
----·- ------+·-·---·--1------------------·-------11 
------- -·----------1---·---+--------------------11 
-----·--- ..._ _____ -------+----------------------·-

Test Results - Maximum Pull -;:- - ---------
Displacement at~,.""'"" ..,~force - --~ ... ~=-------------
Nature of failure/Yield - -=======~.:...::;----;;:;::::::... ________ --::-----
other Remarks - f'\ J. JI • ---- ---- • ('"'\ 
Tested By - lD 7 u v v~.' L/ ApprOV-... .;._'2'-~...a~c:~/tl~....-.:!.,.,~s==::s;;._ __ 
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ATTACHMENT l 
WP 09-009 ~ 
Page 1 of 2 

·UNDERG~OUNO DRILLING HOLE FIELD DATA SHEET 

Date:· 0 'e>/oe/~ l 

Room/Ori ft: 

Purpose of Hole: (~g llolJ~) 

Location: Noczrtt ~: ~~PVAx. i'" / G oF ~~4. APl>R.e>X. lC-~W\ 
\ ' '- '' " " ) I\' .. '.S" "'-l~°™ ~L.~ Depth at Cv•rp1etion: l - P.S 1.,,+1 -c • 

Di a:'.'.etar: ____ . \f'f? C.OfJ'IPt..6t1•.J 

'/<:rtica1 .:.r.;ie: ---.-~Lt~-(._~~a. 

Direction/Azimuth: 

Remarks: ~,. °2«-~1-.i ~'L~ T~16D <'~ . 8·~·~1 All~YS~ 
16)r O:>M.P~Te.D z·.~o~ ~ C6"f1:r1'F1~,.-.),. 

\ti? Form 2014; 10/15/90 
?ase l of l 



IQ:l< OOLI~~c;poo TEST 

Rcx:k Bolt No. ~0904'1~1-Z. 
M.L'1e W&PP Rock \.\AL- rrc.. Hole LJ:x::atian P4t.lp1.. I • ~ ~ 

Hole l.e..'"X1til - ~ Dia. - @ Ard1or (!W&&J:¥@ midp::>int tJ/A /@ collar ~ 
Or1entat1an - ~Y~9~'"~!(4-=~=--C~s~·-~....:.:..a=L.6=~==-=H~9iP:~~~~-=-""~Od~~m~M..;._ _______________ _ 

- --------------
1 ~.1. r. Gr a~ - __,,6"'-2=.K"°~.::::.:::-_-::-_-__ l.en3 ___ t.n ___ -_'3_' _-_o_~_\.J_'_' ___ o_i_ame __ ter __ -_-a--:_~a""_:--::_-::-::-::-:...-::-_-
Shell Manufacturer - --'N~/4.~--

Length - --'-'tl'-'-/..;....:A __ 
r-b:iel - __ tJ..,./A_,___ Diameter - _.W""""'A~-

~in Manufacturer -~ Jttdel - H6Jc? - otoi4 Diameter - {>'" "(~""""'"' 
Length - 17.." No. Cartridges - :5 

-'400---i--0·1 I~ .,__, ~.f.i r-~,.-h.L_-=i:.di:llMJ~------------------'1 

-~ :::·~ ~ 1L\~~ r·41"' ~ 
--~~ t::I• \C:ll ,... I~ ~6'~\===:'-::\:-=i'?,'.'.; '!!,::!'-!"'_'1:1;;.._:f-------------------------------------------------------------------

~ ~ o.z11 ---+---~,~~-+-------------------1i 
- -I~--- ~~.--"-- --·---+---.:11°2ft:'_._...c.-+---·----------- -
__ U,.QD ____ -~-;,_4~ ------>---~-+------------------- ___ _ 
_ _ ,0oo.___ o .LG.2. ----~r----_..._-z.'27~~-+-------------------1i 
-~CL_ _ _E~l~- 44~,..,=+-----------------'1 
.. 2_<p:>--~_JI .,,,1 ·------~..:uli!""'--11----·----------------'1 
z~ ~.!:U 1 'UJl.UJO 
-~- o. iUo 2."•IO 
2~ ~.,~ ~~ 

I~ o.~1i. ~~ - -- -
~q,sa;>~ ~-'02ia.'~~:t..£....-4~-=·o~.~~~!l_+-------1~-~~~~·'21P~~L.Jnt..rr:..:~··~l<-~'Ol!...._~~~""__;,_:,,:::'~~--~""""~o~~::::---i~.1 ____ ~1 

'2.~09 O. WC. d..t1.. L.11:.1...,, AT 5~ 

~Si!.... •· 41!: 4~'2'1S' 'ri-../91a11 ~I 
~ o, ,,c o.~., .. ~ ~ A ,,._ ,... ~ -- • 0 '"'.,{_ 

-40 ,_ u."Jc,.,_ •-- ~JK.l> ... 0111:. ~ """''u, ••&TO~~ 
--~J-- o. ;,~ c:n:.:K' 

A?- o. !II ~,...,_ 
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.- ·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 00/0&/e:>r 

Room/Ori ft: P.-.y&L. l -~ ~ 

ATTACHMENT l 
WP 09-009 
Page 1 of z 

?urpose of Hole: 'Pt.u..L. \E:!:ft : t>~~,~-~'-"-"E: ___ ..._("'-~=--~',,_.,.._~,..__ __ 

Proe-00~1 -"lo 

Cirecticn/Azimuth: 

:\~marks: 

Sign~ture/Ce~art~ent: 

·•..;p f'orm 20!4; 10/15;90 
?age 1 of 1 

------------------
-------------------·-------

·------------------
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. f I 
/ '·'/_:'/ 

' / ..J. 

I ~' 
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gx;K OOL~OO TESl' 

P.ock Bolt No. Pro~~\-!. 
.Mine \JVPP Rock ~(...\'J6 tble Lccation ~10i»tf\ "2 

Hole L=:rqth - ll · 58 Dia. - @ Anchor~i«.ED I@ midp:Jint "4/4 /@ collar ~/A. 
Or1entat1on - \le&!lC-A" ls- ~NC.€.) '5~ 

-----------------------r--~-..,,---------~-----~ 

Length - \3 '-o'l4'' Diameter - _u_"'=-----Bo.i. t Grade - .... ~ .... sz=.ai"°=----
-----------------~ -·---·- ------ --

Shell .Manufacturer - _tJ_/A ___ _ 
Le.rqth - tJ/A 

rb:iel - ~IA Diameter - _.,JJl.._:A.:;...,.._ __ 

Resin Manuf acture.r - C~ TrTE. 
Le.rqth - I '2 • No. 

Installation Date - oe/pe/tt 
j • Time - I~ 4-" P'""" Torque - -'~ ..... /.-~'---...1:.f-=.t/'-"1.b_ 

Test Date - oe/o~}~\ 
TE;:st Jack - tit:-C..o-r.A IJI SA 
Dial I.nilcator - _.,,.., 41.n, 

F"ressure Ga~ - \A.~&A&,fJ 
- - -· 

[ ps.__y .Q:Y ~tanso-
i ~ Bolt:' reter 
Fressure Tension Readi.rq 

Displace 
neit. Remarks 

zoo Z4"10 -+--o"'-'-.l~P~o,.__-+-----+-------------------1• 
_Am 4940 0 • I\~ "°" '1410 0. ,.~ 

R,_ CiWiD o. \51 

l?~ 14i~ O· f.p2.. 

-,~--- _!J_~---'°-~· """"~t.;~'--;--·---+--------·----·------J: 
--,~--- -'~ ~~·~t<..o<:~s-i------4----·-------------------

900 --~~ ~~L-+------1----------------·--'2.oGD 'Z°41CID 0 • U,~ 

~~U:b~----;::t..t"JO~~-~o~.-~,~~-..---+------+---------------------:z..clt>-\ .,., ,_a,.. D. '7M. 

..._ ~ ~~ n~,2~4~1------+-----------------il 
on,-, ; 1'10!ll:> o.~st; 

i,s-oo < J1."l'.t o • "'1 s 
~t:,.flO A A.Al - tJ , d ,._-

'MOO ~- ·~ o.4~ 

\,.AO'..:Olr.l c. 
\4~ "t>I-' C. 
MPU1~C."\ 

ll-~~~~oo=-~~~·~~··~e1.-+-~n~-~~~~-1-----1------------------
.4o:io " tld:) 0 .4 -m dloo · • o~.~~~~S"~-+-----+-------------------1! 
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ATTAC~MENT· 1 
WP 09-009 
Page l of 2 

-- ·UND·E~G~OUNO DRILLING HOLE FIELD DATA-SHEET 

Date: o~/oe/,t 
I 

Room/Drift: 

?urpose of Hole: l?tA.U.. T'Ei:>I: 'Dt;.SJ'i..U.<-Tl~ 

__________ PToeoe9 1- 3 · 

Location: 
, I 

~012.n. &)JC>•. A,.P'1l.o>'. 4.+ e oF" ~l Al'llrt•".'2.o·t.S'FT 
?="'"' ~·~w 8flU~t:> , 't 0. . D th • C 1 t · 11 •' ... lu - o ___ l L· 1" ep a~ vi"P, e , on: _., 

~I ,, 
Di a:::ater: _______ _!_:·-~--~~M~\olol 

Dlractic~/Azimu~h: 

----·----

Sign~ture/O~~art~ent: 

'4P Form 21Jl4; 10/~S/90 
?age 1 uf 1 
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"WORK CHANGE NOTICt: 
2· Critical System 

4. ~inated By t Phone No.: 

r:e. (l.oc."-M"' 'e3o'f 

YesO No~ 
5. ncorporaled By I Phone Nt. · 

>::E' it oc. t<.. ""I/ a a o 
Work Request: li,~12-l: Date: ~l::zl~t Date: jiL:z L! l • 

6. 
DESCRIPTION OF CHANGE (Print or Type Proposed Change) 
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DESTRliCTIVE TESTING OF RESrn O.";QmS 

Page l of 7 

l.O ~ 

A representative sample of resin anchorE:d D)"IOidag tendons will be 
pull tested to destruction. nus will be achieved by installing 
the rock anchon in Room 2, Panel l in conditions as similar to 
those in Room l as possible. 'The results -·ill be used as basic 
inp.Jt data in the design of the suppleme:ntal support system 
proposed for Room l, Panel l. 

2.0 OB.JECIIVES 

'The objectives of the destructive testing are expected to yield 
results that: 

o pro'lti.de data on both the mode and load at failure of the 
halite/resin(tendon bond. 

o establish the allot.-able design load for the rock c.nchor 
system. 

In addition, other in situ tests are expected to pro\i.de results 
that: 

o check for interaction effects beto.:een rock anchors. 

o provide short term creep response of the rock anchor system. 

3 . 0 SAFEIT REQt:IR.E;·~'IS 

3 .1 Personnel Safety - All personnel participating in or obseni.ng 
destructive testing shall be properly equipped. 

3.2 For the safety of observers, personnel not actively participating 
in the destructive testing' a.re requested to stay outside the 
designated work area. Tiv: boundary for a designated work area is 
to be established a.t least fifty (50) feet a-.ay. 

3. 3 During the performance of the destructive tests, safety cha.in or 
cables shall be attached to each item of test equipnent •eighing 
more than 10 lbs. that m&y be violently released or fall as a 
result of testing. 



DESJRlCTI\"E TESII~G Of RESIN A.\CHQRS 

Page 2 of 7 

4. 0 TEST ii.\TER!Af.S 

4.1 Resin: Celtite Lockset Polyester Resin Ca.rtridge 
High Viscosity, Code (H) 
Gel Time, Two-to-four :·linutes Code (90) 
Ca.rtridge, 3212 

QA Verification; J<t1 ~ 

~.~\ 
oz.04- •·"' 

For additional infoL'lDii.tion refer to Attachments l, 2, and 3 for 
:Olaterial Safety Data Sheets, installation instructions, and 
product information. 

4.2 Tendons: D)·t,;idag Post-Tensioning System 
;,:8 THRE.-\DB.\R (UIT), ASDl A615 GR 60 
Fl.1..L LOAD A..\OICR ~i.;rs FOR GR-\DE 60 TiiRE..\D~ 

QA verification: /12~1 
for additional info1111ation refer to AttachaR:nts 4 and S. 

S. 0 TEST W\jIPMP"J A.'iQ TEST Rf.OCIIU::iE.\]'S 

S. l A minilla.am of ten (10) rock anchors shall be installed, and loaded 
to failure. Initially, only one set (of five) rock anchor 
installations shall be tested in any given t\ienty-four (24) 
hours. The load wi.ll be recorded all the •ay to failure. 

5.1.1 

5.1.2 

The failure mode is to be deteL1Dined by pulling tendons 
completely of the hole. 

For the purpose of destructive testing, failure is 
defined as an increasing or continuous deformation wi.th 
no increase of the applied load. 

5.2 There is to be a waiting period of at least twenty-four (24) 
hours between resin/anchor activation and the coanencement of 
destructive testing. The waiting period assures that the resin 
has cured and is approaching ultimate strength. Fully cured 
resin develops compressive strength of 14,000 psi and tensile 
strength of 5,000 psi or more. 

QA Verification: ~~ r .c '-"' 

5.3 The testing equi?Jlent includes a hydraulic ram with a 60 ton 
capacity, a pressure gauge readable in 200 psi increments, and a 
dial indicator gause for measuring deformation in increments of 
0.001 inch. Rock/resin anchor deformation will be .measured by 
means of the dial indicator. 

QA Verification: ~ £.L... ~ ~ .~ 



DESIRL"CTIVE TESTI;:-;G Of R£SI~ A."\QiORS 

Page 3 of 7 

5 .4 Installation of properly calibrated GE:otechnical instrumentation 
may be used 1o;here required. 

5.5 All instniments and de.,,i.ces used for measuring or recording loads 
or deformation during the test shall have been properly 
calibrated with tags affixed indicating calibration due date. 

QA Verification: ~~ •...,,,... 

6. 0 DRILLI~G A.\"D A.'\CHOO;RESIX I~SIAl.lATICl"\ I.\SIRlJCIIONS 

6 . 1 Drill each test hole as per Attachment 6 in accordance 1o.i. th 
applicable sections as prescribed in -_."P 04-.220 and pro.,,i.ded by 
factory representative's insti.-uctions. 

6.1.l 

6.1.2 

6.1.3 

6.1.4 

Te-st hole locations shall have not less than four (4) 
feet spacings. 

The 1-3/8 inch diameter bits shall be gauged prior to 
drilling above Anhydrite "b". Gauging assures the 
annular tolerance needed for a mini111.111 bond length of 
three (3) feet. 

Holes shall be drilled to a depth of 11 feet 6 inches 
1ori.th 1 inch tolerance, for test purposes only. 

The perpendicular hole tolerance shall be S degrees as 
sho\.n on Attachment 6. 

6.2 Initially, only one set (of five) rock anchor installations shall 
be tested in any given twenty-four (24) hours. nus may be 
changed subject to improved installation performance gained by 
experience and signed by cognizant engineer or his designee. 

6.3 Resin and threadbar will 1't ins~led in accordance with the 
manufacturers• recommendations. A manufacturer's representative 
will be present during resin/anchor installation and destructive 
testing. 

6. 4 Insert required number of resin cartridges ( 3 mini.aaJm) through 
plastic or steel pipe and fed into the end of the hole. The resin 
is then foll°'"ed by the threadbar with spin adapter. 

Care 111..1.St be taken to avoid rupturing the resin cartridges. 

6. S Start rotation at about 50 rpm or more and gradually insert the 
threadb&r bolt into the resin cartridge to rupture the cartridge. 

6.5.l Advance threadbar bolt at an approximate rate of 2 to 4 
inches per secord or as rec0111111Cnded by the factory 

';:J(_ 

representative. p 't" 

~ ,U.,c T. ft."141 c.. A.'3'-.~ ~q_t.Jcl ,..(,£..,, ,.4.,~ ~A. C!~~:;-e:~"'~"" 
' -·., .,..~ '" ""' c uS. "'t)•I c;' ~ ~ R:- .l ~To /l ~ I~$ f! !"~':~.. • "'C.. '-



6.5.2 

6.5.3 

6.5.4 

PESlRljCTIVE TESII$ OF RESIN O.'\QIQRS 

Page 4 of 7 

Hold bolt in the hole and hold until the resin sets, 
approximately for two (2) to four (4) min..i.tes. 

Threadbar should have approximately eighteen (18) 
inches of thread protruding from the hole in its final 
position. 

Thorough mixing of the resin ingredients is essential . 

6.6 There is to be a waiting period of at le:a.st twenty-four (24) 
hours bei:.een resin/anchor activation and de:stl'uctive testing. 

A waiting period assures that 
approaching its ultimate strength. 
develops a compressive strength 
stre:ngth of S,000 psi or 1110re. 

the resin has cured and is 
•ben fully cured, the resin 

of 14,000 psi and tensile 

QA Verification: 2hd'; /i' = ~ > ., 

7. 0 Pl.ill TEST I.JSIRtiCTIONS 

7.1 Preparation for tests 

7 .1.1 

7 .1.2 

All instru1DE:nts and devices used for measuring or 
recording loads or defolination during the testing shall 
have been properly calibrated with tags affixed 
indicating calibration due date. 

Prepare dat.a sheets. Applicable information and test 
data shall be recorded on data sheets, Attachment 7. 
See Section 8 for QA verification. 

7.l.2.1 Record at least the follo11.-ing: rock bolt 
number (i. e., PTlllll:idyy-1;); mine; rock type; 
hole l.cation; orientation; hole length and 
diameter; bolt grade, length, and diameter; 
installation date and time; test date and 
time; resin type, manufacturer, rumber of 
resin cartridges; and, identify test 
equipment by serial number and indicate 
calibration due date. 

7 .1. 2. 2 ~asure the hole length and record. 

7.1.2.3 -..1-ien testing is complete, suJ:mit the data 
sheet to Mine Engineering. 

7.1.2.4 -..iien testing is complete, subnit -.,-p Form 2014 
to :ii.ne Engineering, Attachment 8. 



7 . 2 PLll. TEST 

7.2.l 

7.2.2 

7.2.3 

DESTR.\iCTI\"E TESTING Of RESI:S Q.~OiQRS 

Page 5 of 7 

7 .1. 2. 5 Mark the final depth of the threadbar at 11 
feet 6 inches with 1 inch tolerance from the 
anchor end and record. 

7.1.2.6 Estimate hole orientation and roughness 
(i.e., ·.-ertical and smooth) and record. 

Inst.all a bearing plate against the rock follo1ited by 
placing the ro.m over the threadbar foll~ed by another 
bt:aring plate and load cell and hE:a.ring plate, and 
finally torque the anchor nut. 

The anchor nut shall be tightened to the manJ.facturer • s 
reco11111ended torque values (150 ft-lbs to 300 ft-lbs). 

7.2.1.1 Fasten safety chain or cable to all equi~nt 
weishlng more than 10 lbs and anchor to 
adjacent rock bolt plates. 

TI1e ram alignment should be near parallel to the axis 
of the tested bolt and •ithin the limits allo1ited by the 
installation. 

:lake hose connections from the hydraulic ?JlllP to the 
ram. 

7 .2.4 C\ :·lake load cell and other instrumentation connections to 
data logger. 

7 .2.4 '- Apply 1,000 lb load on the ram to eliminate apparatus 
slack. 

7.2.5 

7.2.6 

7.2.7 

7.2.8 

Attach a magnet mounted dW 
with the point set in place 
reference point in the salt. 
gauge to zero. 

indicator gauge on the ram 
on the bolt or to a fixed 
Adjust the dial indicator 

Test loading sh&ll conti.nJe to be applied starting •ith 
1,000 lbs and increased by l,000 lb increments up to 
40,000 lbs. Loads are to be held for approximately one 
(1) minute before recording the load and defo11J1ation 
data. Record the test data, Atta.dwent 7. 

From 40, 000 lbs, the load shall be applied in 500 lb 
increments. O.bile approaching failure, data readings 
may be taken more of ten. 

Testing the resin/rock anchor to failure is the 
acceptance criteria. Tile test is accepted as complete 
at failure. 



7.2.9 

7.2.10 

7.2.11 

DESlRUCTIVE TESTING OF R£SIN A..'SQiQRS 

Page 6 of 7 

7.2.8.1 For the purpose of destructive testing, 
failure is defined as an increasing or 
continuous ~fo1111ation •ith no increase of 
the applied load. 

Terminate testing. 

Remove equi?Jlent and p..Ul bolt from hole, if possible 

Continue testing of the next installation. 

8.0 JEST DATA. IllJ;ST&\TIO;.~S Q..\1) REPORTS 

8 .1 The data sheet form (Attachment 7) shall be filled out for each 
test bolt installation. 1be data sheet shall be keyed to match 
the rock anchor p..Ul test n.amber (PTum:Jdyy-i;). 

QA verification: ~'Ali: ... -1 

8.2 Each test shall be identified by rock Gnehor number OI¥i plotted 
on an appropriate scale. Each data point shall be plotted •ith 
the horizontal (x) axis s~i.ng displacement 1ohi.le the vertical 
(y) axis indicates load. 

8 . 3 Photographs of a typical rock anchor ins tall a ti on shail be 
referenced to the rock anchor test rL11Dber. 

8 .4 A report shall be prepared by Mine F.ngineering sU111D&rizing the 
test results and certifying the installation procedures ani 
resin/rock anchors that have been tested and approved for 
installation at the wIPP. 

8.5 The results will be used as basic input data in the design of the 
supplemental support: system proposed for Room l, Panel 1. 



DESTRUCTIVE TESTING OF RESIN A+~QaS 
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C.DNCURRENCE BY: 

J. A. Gonzalez, Co&itiz.ant ... w .... ..,, 

:·tine f.ngineedng 

S. C Sethi, ~·lanagei: 

a~ne Engineering 



SECTION • - PRODUCT IDENTIFICATION ~O USE 

MANUFACTURER: CELTITE TECHNIK USA 
150 CARLEY COURT 
GEORGETOWN, KY 40324 
(502) 863 - 6800 

CANADIAN CONTACT: FOSECO CANADA INC. 
GUEL.PH, ONTARIO 

MANUFACTURERS IDENTIFICATION CODE: 
20,35,37,40,45,S0,70,90,0204,05l0,l530 
PRODUCT NAME: LOKSET POLYESTER RESIN CARTRIDGE 
CHEMICAL FAMILY: Polyester Resin & Catalyst 
PRODUCT USE: Anchoring Compound 
WHMIS CLASSIFICATION: Class D, Division 2A; Class B, Division 3 
---------------------------------------------------------------------

SECTION 2 - HAZARDOUS INGREDIENTS 
ACGIH/OSHA TLV NTP !ARC 

INGREDIENT \ TWA STEL CARC CARC CARC 
Polyester resin 10-30 N.E. N.E. NO NO NO 

CASI N.R. 
Styrene monomer 5-10 SOP lOOP NO NO 28 

CASI 100-42-5 
Benzoyl Peroxide .5-1.5 SH N.E. NO NO NO 

CASI 94-36-0 
Calcium Carbonate 60-100 N.A. N.E. NO NO NO 

CASI 471-34-1 
Propylene Glycol . 5-1. 5 N.E. N.E. NO NO NO 

CASI 57-55-6 

units - P suffix denotes PPM and M suffix denotes mg/m3 
m suffix denotes mppcf and c suffix denotes ceiling value 

N.A.- Not Applicable N.E.- Not Established N.D.- Not Determined 
CARC- Carcinogen N.D.F.- No Data Found N.R.- Not Reported 

NOTE: See SUPPLEMENT for SARA Section 313 reporting information. 

This document is prepared pursuant to the OSHA Hazard Communication 
Standard (29 CFR 1910.1200) and the Canadian Workplace Hazardous 
Materials System (WHHIS). In addition, other ingredients not 
'Hazardous' per these standards may be listed. 

SECTION 3 - PHYSICAL DATA 
APPEARANCE: Tan or black resin mortar and ~hite paste catalyst in 
plastic package. 
ODOR: N.A. 
PERCENT VOLATILE: 11 
VAPOR PRESSURE(mmHg): 
VAPOR DENSITY:' 3.6 as 
BOILING POINT: 293F 
E'H: Ac id i c 

ODOR THRESHOLD: 0.1 ~pm as Styrene 
SOLUBILITY IN WATER: N.A. 

4.5@ 20C(Styrene)SPECIFIC GRAVITY: 1.75-1.85 
Styrene EVAPORATION RATE: N.D. 

FREEZING POINT: N.D. 

PHYSICAL HAZARDS: Organic ~eroxide; 
COEF. OF WATER/OIL DISTRIEU~ION: N.D. 
Combustible Liquid 

LOKSET POLYESTER RESIN CARTRIDGE PAGE l OF 4 
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SE~ ·oN 7 - PREVENTIVE HEASURF 

SPECIAL PROTECTION INFORMATION: 
RESPIRATORY: Use HSHA (NIOSH) approved respirator if application 
produces vapors, mists, or fumes above the TLV. 
VENTILATION: Adequate to prevent vapor build-up above the TLV. 
PROTECTIVE GLOVES: Chemical resistant polyethylene or equivalent. 
EYE PROTECTION: Safety glasses or goggles as required to prevent eye 
contamination. 
OTHER: Use protective clothing to minimize contact vith skin. Wash 
contaminated clothing before reuse. 

SPILL OR LEAK PROCEDURES: 
SPILL: Ventilate area. Remove all sources of ignition. Absorb vith inert 
material and collect. 
WASTE ·DISPOSAL METHOD: Dispose of in accordance vith Federal, State, and 
local regulations. 
STORAGE: For maximum shelf-life avoid storage in direct sunlight, 
elevated temperatures or near sources of heat such as steam pipes and 
radiators. Store in a cool, dry vell-ventilated area. 
OTHER: Since the product ls a sealed cartridge, handling hazards are 
minimal unless product is damaged or misused. 
SHIPPING INFORMATION: Not Applicable 

-SECTION 8 - FIRST AID MEASURES 

EYES - Flush vith vater for at least 15 min. Consult a physician. 
SKIN - Wash thoroughly vith soap and vater. 
INGESTION - Consult a physician immediately. 
INHALATION - Remove to fresh air if effects occur. Call a physician-if 
effects persist. 

SECTION 9 - PREPARATION DATE OF MSDS 

Revision date: 12/11/89 
Previous revision date: 01/01/89 
For further information contact: Leo Hickam 
Phone number: (502) 863 - 6800 

SUPPLEMENT: 

HAZARDOUS INGREDIENTS Continued ... 

The following chemicals are subject to the reporting requirements of 
Section 313 of Title It! of the Superfund Amendments and Reauthorizaticn 
Act of 1986 (SARA) and 40 CFR Part 372. 

Chemical Name 

Benzoyl Peroxide 
Styrene 

LOKSET POLYESTER RESIN CARTRIDGE 
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~ .. a3sn1w1~~~ 
D/'/e:i.~~~ ~ ~.G .... ~ c..tt..:EL 

GeoF4eTOWN, KY : 150 CARLEY CT. 40324 
502/863-6800 

PRINCETON. WV Roge•s St & Ca;:ie'1on Ave 24740 Jo:..:,.45.75c~ 

GRANO JUNCTION. CO 144() Winters Ave 81501 30~245-4007 

INSTALLATION INSTRUCTIONS FOR CEL TITE RESIN CARTRIDGES 
Measu•• a~c ma•• drii: s:eei 1 • ion;e• 1~a~ ool! 1e,,g1'1 Nott T.,e bore 
no1e snou1c :;e snorlenec acco•d1n;17 .. ·.&n neace•s or truck pla!es are 
wSed. 

2 ll"l!te~ ~e:-...··ec 91 ...,,.,oe· o~ :a ... f·c;&s a,,i: ~·3C!- :.:01· :-.'o ~t-:e :ase vf :he 
""Ci• ocrro1nc: tre 'es.n 

3 W1tn tP'le he!d ot 1ne ool! placed firmly in the cnuck o: tn& ~.::1:11• or 1n a 
SP•"··~ w••nch ;:>uSP'I tP'le oOlt .nto tP'le 'lo1e Sio.,. rota••on is recommend· 
~ ~ut not r1tQ~1red to• adeQ1.ate m.x1ng 

• W!'len !~e bolt reacnes !US\ bet;-w ri.e roo!. SIOQ u;::..,are movement and 
spin the :>oil rap1dl) tor f••·e to ten seconds (Sff nole for stoper.) 

5. Stoo r:>tation ane pusn me~ u;:JWard .. r.r. the full tP'lr.is: trom tP'le macn1ne 
and hold un11: the res;n sets. 

6 11 t"• :iott tencs to dro:: out of me "lOle aie• t"• chuck o• a::acte' is ·e~ov· 
ec s1mo1y ;:i .. s~ 1t t;a:• i.p .nro the .,01e ani: no10 unt1: :l'le resin sets. 

7 NEVE~ '•·•otate tl'le OOH af1er the ""a: s;:i1n. as dama;ie !O :ne pan•ally· 
se: res•n may occur. 

9 -~ a:·~• .. e .~ax.f"'l'wrr. ~_,,,:;,,-a..,ce s•''!C~ion o~ ~Cl''! a-o?'-!' :a~· ~:e
~,~c- a:-ia ~!' a7•C ~ch! 01i,...·•·e· are -.tt; .mpo~a~t Ce1i;:e· 'ec~-·-:.a 

•ep,ese,,tar"es i'• a,·a11ao1e re assis: ,,, the Sillett1on of tne co,.ect com
b•~at•on ot components baseo on s;:iec1f1c apphca11o"s 

10. No:e for sto~r Contac! C.lh:e• tecnn1ca1 representative 

11 For a::iolica11ons other than fully g•outea bolts. C.1t111' technical 
rep·t!s&,,tat1ves will instruct mine personnel 1n correcl 1ns:a11a11on 
procedure. 

, 2 Can·1~ges snould ~~•ore: 1n a cool ... ,11.ve'1t:la:eo anc c; a·ea a ... a, 
f•om d1•eci sunhgnt. M·;· :e~::ia·at.-re cono•t•o"s ca" rea .. ce sr.eit "le 
ol canrioges. Stock rotat•O" 1' '•commended so tr.at o•oest stoc• is 
~:;ed hrsl. 

CAUTION: Do "Ot oper, or pu,.,ct~·e ::ar:•1oges. C..n!e~ts o! canrid·;es may cause mild 1rritat10., i"d snould !:le l•01ded Eyt protection should ai ... ays oe used 
.. r-.en bolling If resin ;on:acts :ne eyes. flusn 1mm11a1ately #111'1 ... ater for al ieut 15 minutes Call a ;:ihysic:1an. 

We believe 1r1at the 1ntorma11on conta.nec herein (wn1ch supersedes alt previous information on this sub1ect) •s true and rel<aOle We cannot be held res;:>0ns1ole 
for any 1oss 1n:ul) or damage rHul!1ng !•om .ts ~se. as. of r.ecess1ty. the information give" •S of 1 general nar..,re, so tP'lat users a'e advised to consult us at>out 
tn9'tr S~tt':1fl: orot-16mS 

Cen.:e• .,.,.,a.,ts :.,ar 1rs P'Od.;cts at :~et.me o! sr..;:iment conform to tP'le aophcaote eescr1c11011s nere1r. a~d a•• •,ee from oetecrs 1n ma:enais a.,.:: ,.or,mal'· 
s~ c .... ,:, c: .. Ei'i \'wt.rlr: ... l'ITY W~E':"ME~ :xPRESS IMPLIED OR STATUTORY. INCLUDING ""y WAR~M .. T CF MEi=IC~ANTABILIT'T OFi Fi-l'l;ESS FOR 
.. i::,e.;:;•1:.;~,:.;::; P:,..;:.::.cs:: SHALL EXIS7 I"' CON .... EC710N WITH Tl-1E SAi..E OR USE OF ANY CEL TITE' PRODUCT. AN!:' ALL SUCM \/\Mir= ....... TtES Ai<E 
··E=~;;, EX?i<ESS~Y EXCLUDED. 

•N "'0 EJENT SHALL CEL TITE' BE LIABLE FOi'< INJURY TO PERSON OR PROPERTY. LOSS OF BUSINESS OR PROFIT ON :.NY OTHER '.J1RECT . 
. '<DIRECT INCIDENTAL SPECIAL OF; CC!l:SEOUEl'l;Tl.t.L O:.MAGES. 
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Th': Lokse~· Polyester • 
Resin Cartndge Anchor System 

This srstem 's simplicity of 
application enables bolts 
of ,·arious lengths to be 
anchored and grouted in 
one easr operation, "·ith 
no need for injection 
equipment. 

The Celtite Te.:hnik system .:on· 
<.im of an easily handled '\:artr1dge," 
.:ontaining a high!)· reinforced polv· 
ester resin component, together with 
iu catalyst, in ac\'uratel~· mea;ured 
quantities. The rnmronents are 1so· 
lated fr,,m each other bo,· a ph,·>i.-al
.:hemical barrier which rrevent.<. 
rt>al'tion h:rween the ..:omponents 
until required. The cartridges are 
sausage--ha~d and de,igned for 
rarid insernon into a range oi bore 
hole si:es, where they ma~· be readily 
rushed co the excremity at any angle 
above or below the h0ri:on. There· 
fore, ortimum bolt an..:horage in a 
wide range of r0o:k or con.:rete 
strengths i~ easilv achie\'ed >imrly by 
adjusting the length of the resin an· 
chor :one. 

~o rea.:tion rakes place until the 
roof or rockbolt is rotated i.hrough 
the cartridge, mixing the compon· 
ents and initiating the .:uring a.:tion. 
The chemical nature (thi.,otropy) of 
the Lockset a cartridge allows the 
contents to be easily mi.xed yet 
minimi:es resin displacement after 
mixing is .:omrlete. 

The mixed re~in totally fills the 
area (annulus) around the bolt, 
which for standard "point" anchor· 
ages "111 be firmly bonded to the sub· 
strate and bolt "i.thin minutes. 

The ~rting rime o( the resin 
compont'nts can be controUed. A 
..:omrination of fast and slow-•etting 
cartridges makes pmsirle the simul· 
taneous ''~ration of an.:horing, 
gTt'uting and ten>ioning a ro.:kbolt. 
The >impli.:icy of this method of 
anchoring grouting eliminates the 
need for cumbersome tn)ection 
equipment. 

APPLICATIONS 
• Rock bolting in mines and 

tunnels. 

• Permant'nt rock reinforcement 
on highwa~· rock cuts, dams 
and underground rock struc· 
tures (power-houses and ma• 
chine~· galleries). 

• Integral ties between reinforced 
concrete and rock faces above 
or below water. 

• Vibration resist.ant anchorages 
for attachment of "critical" 
equirment to cone rett: or rock. 

• Anchorage for electrical trans• 
mission towers. 

• l:pli(t anchorages for near sur• 
(ace structures. 

• Immediate post·tensioning of 
steel reinforcements in rock or 
concrete structures. 

ATTACHMENT 3 

ADVANTAGES 

Accuracy. A.II An.:hora1?e< can no"' 
he ac.:uratel•• Je<rgneJ .,., ,ch C drne 
T t>.:linik re>in' hann~ rt:rroJu..:1C.le 
<trength .:hara.:tenmcs. 

Srecd. The fa;.r·gelling L:>l-er' re· 
sins enable rapid imtallarion to he 
carried out, a signifi.:anr ad\'antage 
in the area of tunnel bolting anJ re>ck 
slope stabili:ation. Aprlication oi 
load can be completed within m1· 
nutes . 

Pennanencc. The re>im prore.:r the 
embedded bolt frt1m corrosion Jue 
to acid-bearing water, sea or gr0und 
water. Atmosphere b precludeJ from rA 
the bore hole. rre\entrng further de· • 
terioration of the >trata. 

Safety. ~tillions of L:>k;er' re< in 
anchor~ arc u~ed every vear for ~nt· 
ical Jobs ;uch as roof •urrort or 
permanent· rock rernfor..:em .. nt rn 
mines, tunnel; and founJacion;.. 

\'ihrarion. C dtite T echnil.. an~h,1r• 
are not affectl'J by ,·irrarion anJ re· 
quire no rt>ten•ionrng e\·en after do>e 
rroxim1~· 1:-lamng. 

Stress-free. '.'io internal Hre,..e< are 
set ur in the rock or con.:rece by re<rn 
anchon. 

TECHNICAL SERVICE 

Celtite Technik i~ a\'ailaf:.le to di,;cuss 
with you both 1n>tallat1on te.:hni-1ues 
and the selel'tion of rroper L:>k>et • 
cartridge> for \'OUT rroiect. Our iielJ ·9 
represent.at1\·e;. are ready to review 
your arrlications and help you to 
de\elop suc.:essful. e.:onom1.:al 
anchoring systems. 
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Anchoring ____________________ _ 
l="TRODL'CTION 

f Mtallation of Ce/at~ 
Technik pol)·ester resin car• 
tridges in rock and concrete 
ha,·e ranged from application 
of short J."l·in.:h rebar "st;Jrter 
bars" into concrete to I J/8" 
diameter boles for rock rein· 
for.:ement, mea!'uring 55' in 
length, K·eighing o,·er JOO 
pounds and fullr embedded in 
re~in! 

A~CHORAGE STRE~GTHS 

To achieve maximum anchorage 
~tren~ 1:-etwttn bolt and concrete 
or rock, the difference in diameter 
between hole and bolt should 1:-e kept 
to a minimum. This also insures 
1:-erter mixing of both catalyst and 
resin. 

Standard Rebar or Thre-a.lhar bolts 
(rnnforming to :\STii :\-61; 
>re..:ificarions) are u~d "'ithout 
further refinement. Deformations 
on the bar ;;erve to effe.:tivcly mix 
the cartridge components during the 
",pin-in" or imertion c,·de. {SEE 
BOLT SELECTIO~ O~ PAGE 6). 

Spin adaptors are available from 
several manufacturers. Consult 
CELTITE 1 TECH:\1K for source 
infom1acion. 

L':".;QERWATER A~CHORAGES 

Lokset 1 cartridges can be arrlied 
in underwater anchorage arpli
cations over 24 inches in length, in 
both concrete and rock. Con5uft 
CEL TITES TECrr.-.1K for rour 
.•p«ific job requirements. 

APPLICA TIO~ EQUP\fE="T 

The hole-Jrilling e.;iuipment men
tioned in this brochure i~ generally 
suit.al-le for srinning in bolts. This 
e.;iuipment should 1:-e rotary percus· 
si~·e and have pro\·ision for inderen· 
dent rotation to maintain 100 rpm 
under load. Under no circumstances 
should the bolt be simply pushed 
through the resin cartridges as im· 
proper mixing can result, providing 
for possible anchorage failure. 

RESIN ANCHORAGE CHARTS 
Tyrical anchor:1ge loading~• in rock for point anchored rod;bolts u~d in accordance "'ith the manufac· 
rurer's recommendations. Intended as a guide for site trials, which 'IAill e~tablish the working specifications 
in the acrual ground conditions. •shoM·n in Kips (WOO lbs. = I Kip). 
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Packagffig. 

Order Cartridce Diameter Pieces Per Wei&ht Per 
Code (1) (inches) Carton Carton 

2312 15/16 50 27 .5 lbs. 

2812 1 118 35 29.5 tbs. 

3212 1 11'4 25 26.5 tbs. 

3512 1 3/8 20 26.0 tbs. 

4012 1 9/16 16 27.0 lbs. 

4512 I 3/4 12 25.0 lbs. 

Minimum shipment; single full cartons. 
:\ full pallet contains 75 cartl'ns of ~tandard 12-inch cartridges. 
( l) Do not fol"let to ~pecify &el time (11ee description section on pa&e 5 ). 

STORAGE PROCEDL'RES 

Luk..~t• "1"ndge~ should be srored 
in a cool, .,.,.ell-"enuLueJ anJ Ji;· a~a 
a'"ay from Jir~t <unlight. Hiih rem· 
rcrarure .:onJitions can reJu.:e shelf 
life. Carmd~ stored in e~i:~me 
temperarures ;hould be "normali:ed" 
at ;o.; ..:>-F for at least rwo J;w< rnor 
to u;.e to pro\'1Je Uir e~cteJ ~d nme. 

Pallets ;houlJ nvf ~ 'ta.:~cJ. 5to.:k 
rorac1,,m is rl'.;,~mm .. ndeJ ><' th•t the 
olJ~t m-.:k i< u;.eJ ftnt. 

SAFE H..\~OLl~G PROCEOL'RES 

REFER TO rnE ~v. TERL\L 
SAFETI' DAT . .\ SHEET. 00 not open 
or puncture .:.1"nJges prior co in~r
cion. Contents of .::utrtdges mav ~use 
milJ irritation and .:ontact 1h0ulJ be 
avoided. l'-e in aJequaielv \ennlaced 
.irea. :\voiJ prolonged inhalation of 
';.ror. Eve rn,te.:tion should alwan be 
u<eJ .. tien bolting. If re~in wnia.:t.< the 
~es. flu~h immediately ,.,;u, "''ater for 
at least 15 minutes. Se.:k meJi.:al 
attention. 

Typical Lokset• resin anchor applications 
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Stillini Ba~in Rock Andtors. 
Smithland Dam, Ohio Rfrer • 

. .\rmr Cmps of Engin<'l!t'S, Sa .. h,·iUe Disrrict . 
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·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Drift: 

Purpose of Hole: 

Location: 

Depth at Completion: 

Diameter: 

Approximate Collar Coordinates 

Vertical Angle: 

Direction/Azimuth: 

Remarks: 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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tt 3e324130&8 DYllDAQ Pel 

LEFT HAND THREAD 

• 
PHYSICAL PROPERTIES 

EFFECTIVE AREA: 0. 79 SQ. IN. 
UL T!MATE SiRENGTH: 90 KSI · 

ULTIMATE LOAD: 71. 1 K!PS 
YIELD LOAD: 47. 4 KiPS 

WEtGHT: 2.67 LBS./FT. 
MAX. BAR ¢ INCL. RIBS: 1. 12 IN. 

AVERAGE CORE ¢: 0. 95 IN. 
PITCH: 0. 492 IN. 

ATTACHMENT 4 
OYW!OAG POST-TENSIONING SYSTEMS OIBCl!QG: '°"""""' llY . ll Tl !WC Cl'.a "IM ic..w 

,_r,a~~' ~1 

fa_~: 
•. oz 
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e 30324130&8 OY~IOAG 

ovy,10AG SYSTEMS INTEA~ATIONAl U.S.A. INC. 

TABLE: COMPARISON OF BAR MECHANICAL PROPERTIES 

Bar Size/Grade 
ASTM 

17/GR 60 
A 615 

#7/GR 75 
F 432 

18/GR 60 
A615 

Yield Tensile Elon;. Yield Tens1le Elong. v1eld Tens11e Elong. 
Ck1ps> Ck1ps> CS> Ckips) {kips) CS> Ck1ps>Ckips> CS> 

3uaranteed 
cer ASTM 

g. actua1 

36 

~er mill cert. 42 

6/24/91 

54 8 

65 12 

45 60 a 4 7. 4 71. 1 

47 72 9 55 83 

ATTACHMENT 4.1 
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DYil.i DAG 

~~!!llAI. SIZE 
?AA7 tUABER 

1L UN./rrml 
· rEX I (IN. /rrrnl 
ie z llN./rrrnl 
R llN. /rnnl 
0 ilN ./ITYT\ I 
~ DEG. 
~OPM: 834!/ 

Ml!G ~ l MIN. llN./rrml 
I MAX. llN .lrrml 

WEiOO !.SS 

MATfRIAL: 
AUS~..RED ll.CTU IRON 
OR CAST srea. 
MIN. Yt6.0: !00 K.!1 
MIN. TENS: IZO KSI 
MIN. El. IN z•: 8' 

THREADFORM 
SEE NOTES 1&2 

J 

H ZCmrn 
ao&i..28810 B20UZ58t0 
1.375/~.9 l.6Z5141. 3 

1.Z50131.a 1.37513~.9 

0.865/ZZ.O t.000125. 4 
l.063/Z7.0 I I. 188/30.Z 

14 14 
743 785 

0.730/18.5 . 78Z/19. 9 
0.74Z/18,I .7~/ZO.Z 

O.Zl 0.54 

TCUJWCES: 

F~ ~1.1'£XZ.R.O: 
~/-0.040" 

~ 1.:~. 125/-0" 

FOR ~:t&• 

N 

>< 
~ 

•1 ~ 807U28810 I 
1 881 

l. 6Z5/4 I. 3 1. 750/44, 5 

1.375/~. 9 1.500138. 1 
1.000/ZS. 4 1. 12CIZ8.4 
1.188130.Z I. 313/33. 4 

14 14 
744 745 

O.a5e/Z1. 7 0.974/Z4, 7 
O.ee&IZZ.O 0.086/ZS.O 

0.5 0.7Z 

NOTtS: -

NOTE: 2 

f9 
B09Uzae10 
Z. IZ5154.0 

1.668/42. 9 
t.250/31.8 
1.438/36, 5 

14 
748. 

1.09&/Zl,8 
l.108/29. 1 

0.89 

FOUNDRY 
SYMBOL 

PRELIMINARY 
f 10 f11 

810028810 811lJZ8810 I 

2.Z50157.2 Z.6251&&.7 
j 

1.a1J1'8.o ! z.oe31~.' 
I. 419/36. 0 1.530138. 9 
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?. U.:nJin" R.:11uirc1111:nt~ 
') I Tile !:cnd·tcsl \C:Cc:mcn 'lh:ul ·.~1thst.1r.1t t::c:n11 i;c:it 

• 1 ... 1:nd :t ~111 w11~011t ::~:tck111i1 .in :!'c <Ju:~u!c ol :he: l:::nt 
;:.:; ·1011. T':c :i::ium:n1cn1' :'1lr rti:;;.::: :t' :::::11iinll .ind sites <Ji 
;ims .ire i:ri;.\c:il:cj 1n T:1tlc J. 

C) 2 1''.1..: ':.:nu :.:~t .;h:tll t:i: 111:u!i: (!n ~cc.::n1c:is ot' S\Otlii::i:r.t 
!c:iqtl\ tll c:i~uri: :'ri:;.: :.:ni.!i111 .\nrt ·.vnh .,i;p.ir:11us ·.11iar.h 
;:ro11ir.o:.1: 

J.2.1 C11n1111uous .1111t •J111ti.ir.n .i;:c:lic.1tion 1lt' tilr~: 
:hru1111ho11l :he cu::iuon 1li tl:c !:i:ndin~ llCl!r:1t1nn. 

9 2.2 t:nrcstr.c:cd :novcnii:nt cl :he sr.c::unr.n ;\l ~01nts 111 
·;Jnt:ict -.vr:h t!,1: :ici:ar:itus .ind !:cnrlin~ .111)11n1I .'\ rnn fr,.r. ~11 
r..it:ttc:. 

-> i.j C!csc wrJpi;1n; 01· the si:c:::mcn :miund the '"" 
.:11111n;1 ~!1c ::cm!ir.; ci:..:r:itinn. 

).j ('}t!'lc:r :ic:::;:t:tl:le mil~ :"er:: ml':hcd.' oi l:cnct 
:r:stm~. 111C!". lS cl:ir.:a!l .a ~!'CC: ... :I :tCrCSS lWO i;lll\S fr.:c In 
rot:l!t: ;ind .1c1:l1:n! '.he !;;::idil\I (OfCC 'Nllh ,l fixed 1)11\, m:ty 
t::c 11sr:d. When failures ccc~tr un,~i:r n\on: ~cv~rr. n\cthcd~. 
:i::c:ats sh:tll ':c ;:i:r:\\11tcd 1.1ndr.r thi: \;1mc1 tc.\t mr.:hcd 
;;r.:s1::il:cd in •).l. 

\I), r.:rniiuiblo V:ui1uion in W11ii:l11 

: 1). l T!1i: ;:crnus."hlc ·1:1n;Uilln .~h.111 nut e:...::.-d :i '"~ u111lc1 
~01ntt131 w~:&:lt. ;:xC:Ci't rllr l::ll" ;~'.al!.:r :han II• 1n. ;:l:ll:\ 
~oumt. :ile ;:;:r:mss1l:lc ·1:tr!:\lll'ln a\ wc:;~t s:1:i!I ::c c:omi:10:td 
ui:on t!1e :;1s1s cf ::1.: ;c:::i,:ss:~h: v:in;111cn 1:\ ,fo1n1c1cr 111 

Si:..:c:1f!c.:111on .~ 5: 0. l~.::nicr::n1 c:us .:1rc ;:•1.:thwc:t on :!:e 
l:;ms af 11ormr.al '"e1~!1:s. In no c;15C \h:tll the ovr.1wr.1ch& tlf 
.1ny l:.:tr 1::: !!1..: c.:tu~i: for ri:1cc::ton. 

: •).2 T'.:-: ;;:e:::1:c:~ :imit d ··:1r::1::c11 sh:tll '.:: ·:vil:iat.•d in 
\C:.:i_:~u:t:: ·'-lt~l i':-.l.::t~O: ?! .~l) . :~~!t~-!;!l~ :r.&.:::.,:l!t 

11. Fini!h 

: : "' ~.1<1. :~,;\~~'.';. ;1.u:"'.il·..: ·.1!._::-; ...... ;:·.:~~. ·1 "":~'..i '""J. . ..: 1- '.~ 

-.l~t ••• ... 111c:...: :·:.r :-.:~...::::..:n. :: .. ;\.:1:..:.~ · .. '":..; 1o···-.;.:".:. :.:"'.:~-. -"· 
.·: "'.~~-~~;-::;t!:'.!l .1:\·.t. ~:h~ ·...:.-~::;.; :· ..... -·....:~ ·f \ ... -~ lo" .. ! 

•. ~:"' ; ": :" ."": ; : l
0 

;\:; l: r: 
)lti :". 1 \·~ :~:r:c·:·..:::;1:r~ ·.t:.:· · · :: "": . ··..: .;:-: .. 

... ' ~!\.i.t :~ ·.;11:;1~==-~.:! .!c:~~:-:~:;::-·.1. •." . .::"": -~;.:.:-:;..;:-) ::-. 
·.l::::;i\~ -\11..:!l .r.-.;:.;.:~::~..:,r.~ :~id·..; ·..::·.:·.-.t.!: ·1: ·::: . .;:- :.:·::, . ...; :r 

: ~ .. : 1".::i<1r:11 ~'st i;cc.:;.:111u::1~ s~:iil :..: ::i.: :":•~l '~=:~c,, :r' ::-:c 
~:,, .i·; ~J1:c:1.t. T:tt~ nut ~trcs~ ·~~:.::-.ni:~.i:~on i;:i.11' =~ ~J."c~ ~rt 

:11 .. r1n111111:r\ :::1r Jr:~:i. 

i .' .. J 1':1c '.:c:'li.! 11:s& s1:i:c1n~cns sh:11\ C:1~ .:1r: :.._;ll s.:o::.on : I 
:he l::lr .1s roll.:d. 

1.1. ,>l11111h1:r o( r.:~•~ 

: .J. I l:nr i::u ~1ir~ :-Jn. 1 :o t 1 .. ndus1v.:, one :..:n~ion :est 
,,ml \Jiii! i:cnu test sh.lil ci: :'l~JCC ci t!lr. lar;cst si::: roilcd 
froin .::1r!1 ii.~;11. lr'. !'lnwcvcr. •n:tten:il from ar.c ::cat o!i:Tc~ 
by !h1..::: nr 111ari: ~c.~11;:1;11inct :1u:nl:crs. nnc :1m\lon lnd oni: 
1~,.nd t.:st ~h;ill be :na1lt: l1·on1 i':nth •he iu~:O:i.:.u .lni.1 lcwcst 
dr.~ll~ll:\li1111 1111111i:cr cit' the cdor:nr.~ b:irs rolled. 

1 l :J In the :":•se of '.'In!. i •I :rnti i ~ b:in. ,ir.c tc::ision :est 
'la! ,in1: h:•nrt tC~I ~h:ill ilC m:t'1C Of !"01Clt Si7.C ~:;1!i:d fr,o:m CJCh 
:-:c:lt • 

1 '· l~1·1t";t·; 

: -1. l If .111: :..::1•1le i'r1>i:e1~y ,if J:w tcn~11Jn test Sj:c:::~:cn .s 
:..:s~ t!1:in :11:1: •cc1::t:r.ct . .ind .iny ;:art ol :~..: :·~Jc::.iri: :s ou:s1.:..: 
th.: ~mli.!11' : .. : .. : oi the a:11:c !l'r.i:!1. ·" 1ndic.ite:1 :y sc::-::;c: 
sr.r:ii.·hr~ nta1 ::.::i nn the ~1:ectnW:\ t::ct'nrl'! tc~un;, :i ~i:ti:.st 
\h:ill l:l'l :11!0'~'"11. 

1·1.:1 If ti11: .1:sults of an or.~inJI :i:11SU'H\ s;:cc:tmcn :·:11\ :0 

:ne:ot th1• s1:rr.1t"i1:d :mn1ntum :r.c;mrcme:tts .i::d :ire ·.-r.t:t:!'I 
:.ccn l''' nf the r..:~u1rcd :i:ns1le st:-cn~th. ·N11\11n lOCC ;:s1 oi 
!:1c 1.::tmrcrl /:t.:~.1 ;:r.in1, or "vttlal\ ~wo ;::crc::i::igc un11s :i 
th!'! 1·rr'!mrcrl ··~·i1•3:1t:<J1\, ;i rc:at st-.;1!\ i:i: ~i:~1t~e~ on :··"IJ 
::111~0111 'i:r::::i11:ns :·or c:td1 or.~tn:il :r.ns1an si:cc1n~c:t ::'\l:;;r..: 
f1.:m :Lr. :ct. t:' .i;1 re:1ul:~ ,..,; :hcse :e:cst :1:c:::n~c::-.s :ac::t :::: 
'1:1·:-:lir.d rr.q11111·in.:ms. thl'! t..it sh.•1l t::t: ,•c.:::;;tr:t. 

l ·l.J It'" ;;r:~cl :est ::11:s :·or Ll!.:tscns ctl1c1· th~n .i:r.::!'::i::::~ 
rr:isnn5 or tl:iw, :a thi: ~i:c::::-n~n .1s , :csc1 :l:r.d ;!'I : -'·-' .i:-. .! 
I·' l, .1 1:•··~1 5h:ill er. ::.::r:11t1rd r.n two r:1111!011\ s;:c:::~·;::s 

tiont '.l1r. s:i1111~ '.o\. if ·he 1csults .:ii i:c1:1 :1:s1 spc:::":":::::s ~c~: 
::1c ~,:rr.iH&·rl :-.-::~~~r:~n1':nt!. ~he :,it ~h:iH ~e J~:::i:t:::!. 7'.~! 
;1•ti:~l ~h;ill ::r. ,:r::·,~, :::i::I <Jll :.~\: ~,;,·r;,.\.,:.:' ::1:11 .ir.: l: l~~ 
:r.n11;n:1t111r. ::i:t ::c1 !.·,s :h.111 ·j1i'F 

1·1 -1 :i .iny :i:~I ~1:••:"::::i::\ :.11'.s ·.:~:::111~1! •i ~.::~:i:::::'.' 
rc!'sc1:~ ~u.·h .. i 1:11hH·~ ~~i '.•:st;:~: ;:~~:·\~~r.~r::t .!I" .~:~..::·!:

s,:c~:ntcu .:a.-,~-, ... ,~~n. it ~.~·'"! ':!.! ,~ss..:ar'"~c.~ .,~..! J::..:t:::.::
,i:r1::1nr.11 1.1:c.·n. 

I ·1 . 3 It' •ny tc~t 5t:c:r.rn:c11 •!.;•·1:;vi;s :~.1'-"S· :t ~J'! - ! 

•lisc-:m1r1t 111&1 ·''~nt!u:r si:r.r:111cn .;t' ::1e ~01m.: s1z1: :.ir :·~=~ 
tnl! ~i111c :1..:~1 s11t:s1:1:11e:!. 

: ~-: r:~~ :\Sl'\!!"':.,::- .-~·:~·:~t~1::!i~ ~ ~::~ ·.;1·: ~~~:!~:" ~~~.' · • .:.": 

:';_:;.: ··~tr/. ,: i:l ~::~::.s ·.\i~:~~ ""~r!< ,;:~ :::.: :::::~;;...:: ~~· ..... .: 
:.'!"~~•tt.,,·r .. ~ ·~:·~~:" ~r::~,·:i~c:.:. 'J 1.! ,...1:-:s ;f :::-: ~J:-:·.:·~.::· .. ~· 

_-- \ 
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:r's ·.11crk1 that .:oncer:i :!te manufact:.i:e ~f :!':e :n:i:cr::il 
Jr.!ered.- r.te n~a:IUIXturK shall Jffor;:t :!'\e ::isi::e:ter :ill 
~eJSCr.J!:ie facilittCS :o sat:siy n1m thlt t!':C :T:l:C::":.11 IS =~:-:; 
:":.o::-::sr.c:d 1n lc:=r~:1cc ·M::h :!'::s s:e::1:';Q::on. l.il ::s:s 
-~".::;:t ;:r~duct .i:1:ily~1s1 :i:1J ;nsi:e:::cn, sli:ill :e ~.l~c lt :!":e 
;:~.l.:: i:r· ~~lr.·.:::ic:~:-~ ;r:~r :.J s!l";::":":c:i:. :.;~:c~~ .:t~C:"'·"~sc 
i;:e:;::e~. l~~ i~l.: :: iO :.:r.~·.;-::::! .is :ict :u :~:.:~'=~e 
~n:1e::su::iy w:th :::.: :::.:~l:::n ~i :!':c: ·.1.cr:u. 

l !.: F.:, GC'Jfr~.--i:.9!: ·'·:c:·r~1~tl~l c~.-i>-~':::t lS :t:!
::-.\ .:e sc:c::1:;c4 :n :!':c ::ir.:r:ic:. :!':: ::ntl'3c:cr :s :esr.c:ts1l:lc 
ror the ;:cr:°Qrmancc :Jr° all :nsc:e:::ion and :est ::::;~1rC:l':C::ttS 
sc:ec:11icd herein :ind may use his :iwn ~r :iny :it!':c:: sun:il:lc 
r:JC11itics rcr :he i::ert'crmanc:c or" the .:tsi:c::::on :ind :e~t 

· rcGu1remen:s · r:cc:ficd herein, un!css .::~:c:ro,.cd by tlle 
;:urc:h:i:er :it :1 c :i:r.e ~r i::urc:h:ise. i"!te ;:urc:!'::iscr sh.1!1 h:i.,.c 
t!':e light to 1mfor:n any or' the 1nsr.ccuons .tnd :ests :it the 
s:ini.: fre:;uency :is set r"onh i:\ th11 sc:c::::tia:1on •. ,.,hc:c such 
1r.~;:cc:ions Jre deemed :-:i:ceu:u·1 to 35.'u:e :h:it m:uen:il 
:oniorm1 to ;:r.:scr:t:cd :CG:mements. 

16. Rejection 
: 6. ! l:nlcss .it!t..::-.v:se sc:c::111cd. Jr.:1 ~:;i::::;c:n '":isc~ .Jn 

'.<:$IS :it:ide :n Jc::;m!.inc: w11!"l SJ. sl'::tll ::c ::::cr:i:;:t :o tl:e 
m:anuf:icturcr witlun 5 .,.,ork1n1 .:!:iys :·:oin th.: :-c::.:1i::t of 
s:implcs by :he i::urc:h:iscr. 

l 6.l M:it..:nal that shows 1111ur.uus .:!c:"e-.::s ~ui;~c:;ucnt !O 
us ~cern:ince lt the manuf:ic:u:er's 'NCrk~ w:'1 i:I: re;cc::cd. 
Jnd :~e nt:inufac:turcr shall t:c :toutied. 

11. Rche:1rtn1 
Ii. I S:imples tested in :iccnrd:ince ·Ni th S .J th:\t rc;:rcsc:r1t 

rc1cc:ted m:itc:n:il sh:i!I be i::rcscrvcd for :! weeks fro1n the c!ah: 
l'CJCC:tlOn is rc;:oncd :I) the m;inuf:ic:turcr. In c:tSC 01' C:iss:itis
::icuon with the results or the tests. t!"le m:inul":tctur.:r ntay 
m:ikc Q1m tbr a rchcanna within that un1e. 

IS. ~farkin; 

ti.: Wic:t '.c.1C:e::1 :·er ~:ti s!':::~e:it. ~ar, ;:-:i.I •e :~::· 
i::'.y ,e;::ir~te:i l:td ::~c:i .... :::i :::e ::·.J.:~:J:::~;~:~, ~-~l: ·r 
:c:s: ~ce~:::~.::it:c., ::1.:~:e~ 

. ~ . .: E.ich ;::- .:C:i.;c:r sr.a.l . ...:~:: :.:·:, · .·.c 1:. - .:.; ; ~ : !° .-.. 'i 
:i~Jrk::i; s:,:em. 

: ~ j .-'~l ::i:-1 :r:C~c::! :J :!:~s lii:!::::.:l:~<:~. !x.:;:·. ;·:·.
::c~c: =:irs .. ,,~1c::i s~lil :~ ::u;;e~ :·~r ;:J~t:. ~h:h: ·~e .~c~.:;:·<-~ 
:y :i ~:st;i:;:.::sh:r.; set .~r" :':'!:Irks :.:~::I; ~.:;:.:= ;·:.: :.~~ 
,urface cf .:ne m~e er" tlte ::ir :o .!c::ctc: :n :::e :·.:.:.:· ... :::.; 
or\!.:r: 

: 3J I Pw:t -:/ 0""=;:.-:-~t:cr er s-y~t:cl =~:Jc11snc:! .is 
the ;:rceuccr's :nlll .:.:s1gn:m.:n. 

l 3.J : Si:r1 t:es1~.·:c::c•1-~r:it;1c :i:.::itt:er ;cr.:$ccr:c.~; 
to ~ar C:es1gn:iticn :iuntt:er nf T1t:le l. 

l 3.J.J Ty;11 of St.z11/-let:er S 11iC:u::itir:; :h:it :!:..: ::i: .1.::s 
i:rcdu~d to :!"l11 sr:ec1tic:ation. 

t 3.J.4 .Wintnmm Yii!ld D1s111na11c;n-For Gral!e 50 ::irs. 
::ther the :tumt:er 60 or a s1n~e continuous lcngau~tin:&I .inc 
:!':rough :it :e.ist 5 spaces offset from the center or the ~ar 
m~e. For Gr:ide 7S ban. c:tlti:r t!':e nu~~r 7S or two 
continuous !on&;tudinal lines through :it lc::ui ~ sc::ic:cs nffsct 
C:tci'I direction rrom the :enter Of the b:ir. (:-iO l'l\Jt\t1ng 
cks1g:mion tiJr Gr:idc -'-0 :::irs.) 

t '). Pack11qin1 
19.1 When sc:ec11icd in the ;:urcnn~c ord.::. ~ackag:Mg 

shnll be in accor~nce wuh the i:roc:cuur:.s 1A_ F r.act1c:cs 
A 7CO. 

l 9.: Fo' v•J"t!"''"'t:nt Pm.::.ri:mi:nt 011/y--Whc:n spcci:icd 
in the ccntr.act er o;·Jcr, lr.d ror direct i::rccurer:i.:nt ;,y or 
direct shipn~cr:t to the U.S. ;ovcrnment. m:it.:r::il shall :c 
preserved, ;::iclc:tged. :ind packed in :iccord<1nc:c wnh tl':c: 
requirements ci ~ltl.·ST0.163. Ti1c ai:i:ilicable levels sh:11l 
t:e :is sc:ccili.:d ::i the c:ontr:icL ~fark1ng rcr shipment or" suc:t 
ntatc:rial sh:tll t:e in :ic:cer:iancc with Fed. Std. ~o. I 2J for 
civil Jgenc:C$ :ir.d ~UL·STO· l ;:9 Ccr military agencies. 

""• Altfel'Clll ~ 'et ~OlllfttJ ll'd II..,,.,, ! ...... _.,.,. 'OloectM9 !/!e ,_.., :I MfY =61.,., '"¥fl IU.,,lld ft e:,,,.ecllOll 
.. ,fl ""' ,_ --- ill 1111111,,,.,,. u... :111111 ,,_. ,,. •rct•"' ...... ,,.. :at•-lllCft :I •fl• •lllC:.11' cl .,,., t..cll 
,,.,,,,,, ,,,,.,.. ""' ,,,. ""'fl..,....,. fl-" ..... -.. .,,.,, c- 'WOOllW#il\I . 

..... ,,__,. I..,.., te - • llllf I ... II' Ille_..._ IN/llHCM e:Jf'-H - ....,, !le ...... ...er .. .,., 'i ... ,_,,,.II 
, ·1:1 ......... .,,,,., ....... ·---· 1elll--•.,. .-., -· .• ...... _:I "/'It,,~- :r 't:r MM#:CI'• J:W'~•<:• 
llffl :.•Olllfl !le _.. te ... ru I .......... .,_ - - - Ulltlvl :Ol'l:=tllllOll • I "'"''"9 ;I "/'e "UOCllJ;O:e 
·--~O& _,, '9....., .,,...,, II,....! .. lflel-,_ :_,,.911fl "I•• 10f ........ I .,,,, ~ ... ,,../CU.,._ ....... ,_ 
.._. ·- ·o tlle .1$N C:-.. e11t SI- '''IJlce SI .. ili'tllet:o/C/11& ~• '''C.l. 
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; ~. I •. I·~ ( I·"" I '. 1 - -. . t e.s - •·. , 
Oii tile devllooment of tto"d or 111 .. r ,, .,, • 
rett0n of tl'le roes, grout """••· MO • 
dftcrobed by L1nt11ofln ( 1972) •I ,9 "'"'' 
'" Br1t.J1n 10 USUll"I an tCu•vllent un11 0 ,,., 
d••Ct•Dur.on ol oond srrnt 11on9 111e r..,0 
1,,c11or Thus ti•• '"c"or 101d. fl , '''""' 
to 1111 fixed 1ncnor dH•CJn oy 1111 equ111on 

(1) 

F1'} J Pr3ss101111•111.11• moa.,s :as•a a" t•s• ru..,.ir .Jt rnm1y ''""'Cr~•• 
( 1'1!' "i11 _.,.. '"" I"'~ S••1e••~ ·~11 

,.,,,., .. c L = 'i·e~ J .. e-:: e"",;~· 

o -~· t>y L ::'e1:.,,, J"j "7 ... - M . .:Jav.as 
( ,;;.:., ··".,'!!"e 2 o:c-.N Jl"'~"'·i:i:-s Nere 
sg.:c~~ a: ,_ i:e-"tr!t ~,,c~"'~'" -~'.,Cd !Oi 

d1ss o.ie :o•d mi~~ :~e ·:c~ IT'dSS. s 
~·mp1y 10 ,,,st11I .1nc·ors .Jt ~ ilc••.,t .nc11. 
n111ens H . ., t~e -:n1;n 01 SoletancMe 
{ 19681 for t.,e Zarc:uas Da.., . .i.:91r11 In 
some other countr·u 1 ,.,. r1:,..um d.s:ance 
between 1ncMors s stoe:iuiated Broms 
( 191581. rev.1N1ng Swec1sn grac11c1. con hr. 
med a m1n1m•Jm sc1c ,,9 of 2 5,., wr.tlst ,,,, 
Czech Standard ( 1974) reco...,mends 1 5m. 
one cons.cer111on ti•.ng to reduce "nter-
11011 grouting·. aunc:.ign "''' cinenomenon 
11 not necesuril'J' 1 d1Hdvan1191 '" pr1c· 
t•Ct. 

It •S notewonlly tl'lll these gu•d• ~ules 
or 11111ro1enes are 0111d on exoeroenee 
1nd 1ng1neer;ng 1ud9ement. 1nd not on 1n 
1nt:.,,o1te 1tn0Nled91 of stress J.smtlutoon 
around the anchor. 

Remarks 
w.111 regard to uoloft c1c1c:ry no .. cero

mencal or pract1c11 1vodence and only very 
little 1111or111c11 c:ita suost1nt1111 the 
methods currently used (Taole II to c11cu 0 

late !he ult.mare ru1st1nce to oull·out of 
1nd1v1du11. or grou~s of 1nc~ors. lndffd. 
there would aopear to be results ( S1lim1n 
and Scllaefer ( 19A\ and Brown ( 197'l)) 
v1h1cll 1ndicJtl thac ;11lure .n 1 rock ,,. .. , 
doH not ~l!'etlll'f occur on t!le form of an 
1nv1ned 90 ~•CJ cor.1 ,, wedge However. 
it is r1111sur "CJ to ~ ... ow tftll mo11 des11ns 
are likely to bo conserv111ve rn adoct1n1 • 
cone method w1tn no allowance for the 
sh11r srrcni;:n of rne rock mass. 

N1vertne1aH. so~11 st•ndard•Ht•On on 
11f11y factors for :tmcorary and oerml• 
nenr anc:tors s desirable to;,i1ther with 
19r11ment on wn11 J11ow1nc11 snould tie 
made for surcft1t91 .:ue ro .. ,,co . .,sol.datea 
overburden Jnd :ne tlfect or uc:ier 11yers 
of w11111er.a rock 

In gener11. elfon snould .,ow be ••· 
pended. 1n 1ne form of fot11d tHt;ng in 1 

T 

. 
90•-~12 ucs 

"'C! ·a.,i;e ot •cclc .-..~:er Jls ~nr1 ..,J~,•s 

.v-. ,:i ~ave oc .. ., cJre'u11y :.Jss.· e~. .. 
.,,::er :o s1uoy tr•!t S"J:Je and cios.1 on J! 
:~c r:cw: lOn1s moo .. seJ JI "Jdure. SllC~ 

.::r:~,~,.,.r""tl snc-...c.J J:::~""'Od~t• !.~~'• 

~nc~ors Jnd 1rou;:is :nt'!o over • r1nqe oi 
.nc1on11:ons Only " :ro;~ Nl'f can ane.,or 
ccs.qn n rel4t1on :o Jv=::11I st10111ty 01 
oot"Tl•SIO 00111 :ecrin1C•lly ~nd eco,,omr. 
CJlly. 

BONO BETWEEN CEMENT GROUT 
ANO ROCK 

Introduction 
"1os1 oesu~ns to date conc1rn1ng srr119ht 

snalr h•ed 1nc11or1 1'1v1 011n succ11stu11y 
bu1d on the assum1111on of uniform oond 
~ str•oution over tne fi•ld ancnor surf.: :1 
Jr11 In 01ner words '' nu been gener:ally 
lCCIClted ,,,.t :ne bond dlVllOClld ·I 
,.,.,ely a function ol h•ed ancftor domen· 
Soans and acoiled load. 

However. recent exoer1men111 :and 
1neor111c11 1n11yses n1ve 1na1cat1G rnat tlle 
cnaracrer of the bond to the rock 15 more 
eo,,.111 ... •nd rei!ects add1t1on11 oeram•~•rs 
w"rcn often 91ve rose to 1 m11kealy non. 
uniform strlSI 0111r1ouuon. Tilua. '" many 
cues :lie naumed mecn1n1sm of road 
transfer .n the fixed ancnor zone may oe 
;ro111y 1naccura11. For .. 1111011. the s.tul• 
t•on could well 1ro11 where. for 1 "•911 
e1cac11y ancllor. 1111 •evel ot bond srress Jt 
rhe •Oldld (or prox1m111 end may oe ••· 
trlf"ely llogn. 00111bly 1011roacn1n9 l11lure. 
wner11a :ne more 011111 p1n1 of t,,e lixN 
ancnor may •n effect oe rec:undant. c:11rty. 
sucn 1 111u111on w.Jl ~Ive ' OHr rq on 
over111 111b1loty 1n11ys11. '"' •nrer11r1111:0.., 
of ancftor .. 11na1on1. 1nd 1on9-11rm cruo 
OCftlV•Our. 

D11.9n crrrer11 ire re\111wed rel111n9 !O 
1111 ..,,19n1tude and d•str·ouuon of bona. 
fiaed •nchor d1me,,s.ons. Jnd factort :f 
safety For cam11ar110,,. :Me results ot ,.,,.. 
v1n1 th1or11,c;11 •no ,..gar1ment1I -n •H~.· 
g111ons are oresenred. 

(1 : !He:~ ·i! .!·:--~r ! J-e:e• 
• -= wcr~ "Q i:::•; s:,ess 

) 

T.,,l a:or-:•e., s ~se-:i ' ....,a,.,y c: ... -·· ., ;. 
e.; FrJl"tCe 1·FJr;e~: 1::-:: ~ 3 . ..,. '.".!\ 

ear.:. 197Jl l.Jraoa \C:a:es ;:;;01 1·.: 
1.,;S~ (WMe. ·~iJl 

• "• ruoe s OHIO on 1Me fot:ow.nq 
S""llll Jss1.;.'Tlot,ors· 
(1) Transfer o! :!'le road fro,., :he ~•e·: 

1ncnor to 1111 'OCtt: :c;u's t>y ' ""'for,.. , 
d11tr1buted srrus 'ct,,,g over tfte wno1e ;r 
:ne curved surface of :ne fixed 1nc,,or 
(11) The d11m11er ot :~1 boreno11 1no :~e 
fixed 1nc,,or are •d1ntoc11. 
~iii) F11lure :a1111 gt1c1 by tlod1n9 11 :Me 
rack/grout .n:1•f1ee ( smcotn tiorenol• I ::ir 

by 11111ron9 1ci.1cent to t,,• rocatgrout .n. 
:erface ,,, weaaer medium (rougn ocre
,,ole). 
(11r) There are no di1con11nu1t1• or 1nller-
ent w•1•n•n ci11nea along wnoc:ft failure 
can ti• induced. and 
( v I There .s no rocal ::i1oondin9 It the 
grout/rock 1n11rt1ee. 

Where sftear srrenCJtll tests are cam.a 
out Qn reor111n1111ve ll'"':llff gt !lie rocot 
man. t~• m•••mum 1ver1;1 wortt;ng bone 
1trea8 It the roc•1 grout •nterllCe sllouoo 
not exceed 1111 m1n1tT1urn sn111 11ren91n 
d1v.ded tly tlle r111111nt uiery f1ctor I nor
mally not less 1111n 2~ ri'1•1 1ooro1cn aci· 
01ou "r1m1~·1y :o soit rocas where 1111 un•· 
u11I CCl'T'C1r111.v1 srrenc;:, (UC$) s ·•SS 

-· --

> 
' 

-.. 
# , 

tftan 7N/mm'. and ,n wn•c:'I 1ne ,,0111 ·'he 
been drilled using a rotary :erc11111ve teen
.,~•· in tfte absence :ir snear srrenc;:~ ~ 
~111 or field £:iull-cut '.Htl. L..ttrero"" ~ 
( 1!72l states :n11 :~e ult ""Ill tl:r"d s:,ess ::,; 
s often 11•1n 11 Jne-!1r-:., of :ne un.ax a• _, 
O:O:'T'OtlSllVI i!rt~t;:n Q; 0"Tllll•"I 'OC•S 
( 100 ::ier c:1nt e:re ••l:O"•'v 1 uo to 1 ,,,,. · 
...... ,.. "alue • Jf .& 2.,. .,,m.. .ssum -·: 
:nJt t"• c:ru1n:,;9 s:rent;:" of :,,e ee-~·: 
;rour s 1au11 :o :r ;reJ:r :M1n ~2"1 -
Ao111y1nq an 1cicartf'! u•t:y fac:or oi 3 :r 
""ere. ,v.,·Ch s :Of'Strvl:,ve Ollf;Mt; 
rMrnd tne laclr of r111van1 ou1. 1ne wa~'( • 

, -
"-::> 
~ 
:: 
~ 

Oli--~~~~~~~ 

r ull /IJ.C:1 

-1 ~ 

t 
02 --- .• - -- - ""' ---·r 

:r-
JJ 

F· ; . .,, .1c1ttt . .;n1r.10 =-rwc.•1•1' ,,.c.Jt sa~· t; .,n2 ~'"'•' ""'' 
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~.,Q .; .• .,. 

' -"'"''". 
"'•'~· ;,e ''"''•" to 

,, '"'' con,.ect•Oft ,, I l'')lewortfty ,,,,. 
C: Jt" 119:'0) •llow1 • lftl••lftllft' woftl1119 
11:-~ of 2 .&SN··""'· t11.11 ~ :11 • 11tety iac. 
r:· al 1 75 wll•Cll onoo:Jfn a v111.1e of r ,,, 
e• J 3,..,,,,,.,. 1n som~ •oo:•s. 01rt1c1.111r1y 
,:•J,UllF. •e#ll'Cr..., v1net '!S W•lll I rell• 
r ~·y tow.• "'''-• 11oe 111 ... .,,or:on 11111 p•" 
1 :.~I• 10 rer ce"r rock U':S ,., • ., le•d to 
,. 1rr111c •lly 'ow ur.,..111 ol s11e1r 
s:·~n91" 1 F 91 • 1no ~I '" sue., cues I"• 
.,,_,.,::itoon r"a: - ... 1<1...,.J•, 20·~5 :ier cent 
t..; 3 ,....,., C• 111ar.lief1. 

.is • 9 ... =• ~~ so•.: 1 •. s:s. b:"o1 v1:.ies. 
JS "fCQ''""'f"'O•O fllfO\.;-~ .: t~• NO•IO lor 
"":1 ''"9' ~· ;neo1.1s -~~!morcri•c 1no 
11: ""'"""'Y roc:u. are ::irutn11: .n T.tb•e 
ii' Wnere .nc1uoeo. :111 !1c1ar ol urery 
•t Jtff ro tlle u111m1rt an: wor~.ng oono 
,,; JIS. C.11Culllld ilUum•r'j unofONT! Dono 
a 1:•:t1u11on Ir •I common 10 ~.no t1111 tlle 
""'~"''""oe ol tlono 11'11m::.y 111e1110 tly 
••:11rr1"c10 enc;•neers: 1111 "''"'' aOCC!ld 
~c:· wort11n9 tlono 11res1 c'~•n 1oes .n tne 
rr ;e O 35 :o t 4N1mm· l(cc11 ( 1972) sug· 
.,,ts:J cono stre11es on tll•I range for w111&. 
1n10111m 1no 1rron9 rock I T1011 111). 1no 
ll"t """""'''" Cod• CA l5-19n llltU 
:P'l~ a vatu• ol 1 05N/mm· "" tleen uHd 
on a wode r1n91 of 19neo\iS ano 1ed1men. 
tit"'! rocu. tlur confirm1 :r.11 ••te testing 
1111 oerm1rreo tlond vlluu of uo 10 2.1 
N ~"' • 10 DI lfftDIOyed. 

. ~ 111:1 con11ec11on rlle dt1ft Ciecn Siano
.,: ( 1974) concluo" 1111t since the 11t1· 
muaon of oona '"il911Jtuoe 1no 01stnbut1on 
•• 1 comolH oroo•eni. fie.a 111cftor resra 
•" ;1.1l:f '""''Y• oe canouc:ad ro co11f'i"" 
oc·a v11ua '" an19n. 11 t:"lere ·• 110 elflc1-
•"~ or refr101e 1lter111r1ve. Ctrr11nly. a com. 
m~~ crocac:ure amOlllJSf •~:11or 01119ners 
·• :o '"'"e 11 nrrmatea of 11erm•as101e 
w:·•.r.g t10110 v1•u• Oy lac:ori"g r11e v1lue 
or :lie '""~age ulflmate tiono calcullted 
Ire-- tHf 1ncriors. wllen 1v111101e. U1u1Uy 
1111 ·ecommenoeo 11fery l1c:or rang• lrom 
2 :::i 3. tl1.1r •• lreauently lower '" vety 
c:-:e:enr •ock1. and ,,,,.,,, '" we1ker. 
list .re::i. or wHtllered v1riet1•. 
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1"" t•DI01ted For .; .. 1t1111e. Suzuki ft M 
t '!!72l SIJI• Ill.JI for ""'~"'"''" qr2n If 
t~I? •n.J·;~.:ucte ot :~e ';:'l.·:2 C.Jn ::ie uf:fr· 
rn ,,~,1 rrom tne ~t.;..1.1 ! .•. 1 

. ,. • IJOOiN - J !:? l"Vmm·l 
... r..:•e IV : nu,..Oe• ?I OIOWS 1111r 0 Jm 

-1~1 

:S n 1,1t1y, !,,.::1 ·1:"' ( i9"'(.i) ;1"11~a:11s 1 
~-.;:·~:.t~ .::t :c,wti:&:·1 " .,,,,..J -..:r .~.:to ao,.:J 

r .. , •0.01N (N.'mm-) (J) 

In grldts lll. II and I Clf Cllellr "o 'II· 
served I range ot r ,,, ot 0 21 - I C7N, ..,,., . 
bated on 1111 ancllors 11u ea to !111"r' 

Allllou911 •t wo"•d a11our t.o,.. •11•o•"e' 
oresen._d '" s"tlsequent i.ct o"~ :"" '.•e 
11sumo1.on1 ~301 '" re·u ~n :a .,,,,1 0,~ 
bona a.ur 11"1 o" ar• "01 ':' ctly acc:.ira,, 
it ·S ,.,~ttwort~v !l"t•C tew •3,1.Jrti !"! -!""· 

cou,,:ar<t! a: ·-e ·-,c..;. ;·: .. ~ -f~- ~=e _ . 
.,ew ..:cs ;~~ J'"e :'?@,., :: !,'!1 ........ ~ -: .. : 
cesstui :::i:-c·e~ c., .,, ·-:·.,..er :'"-: -?:·~ 

:.i1t s. •or:-11!· "'~'" ,-; :..:..,o . J .. !!' ... 

re-1m1'ioy1J or s: . .;,,r1y -~;i '1e: ;e_. 
ng on rnc ;o.;~<;e""e"l 01 '."'! =es ~-'!• 

T.-ble IV co,,ta1ns :2.J:a JCstrac·e'J · · • -
reports ol roe• anc"O' ::·:~1c:s :~·, ... :-
011. Ille wot1d In aoa.:.c:., :o :"• ..,o,. ~; 
totr. anct 11lt•mo1te oona ,.1"11. :!'le -H· 

sured ,,,., des·9neo uteiv factors are _ •. 
v1d1d ..,·here av1.iao1e In :1ri11n cases '." e 
fi•ed 1nc11or o.1m111r rias oeen .,,ffrrea. :' 
f1c1hc111 an11ys•s ot 1111 :111. as auo•·Sl't'1 

IC will bt noiea 11111. fvtn for one r::c" 
cys:e. tlle m19n1ruae ot tlo,,a usto ,,, ;ir1c 
tree 11 ••cremely "''"1t:11. -:'htr1 •re m•"v 
re•ons tor 11111. Ille mosr •m11on1nt ot 
wll1cll are: 
(i) 01llerenr du19ners i.;11 d1fl•r1nt bor-o 
v1l11e9 Ind safety t1ctors. wll1c11 may oe 
relued 10 IYD• of ancnor ana eatent ot '.~e 
1nct1or 1H11n9 grogram"'•· 
(i1) "'St111dard'" v1l11es tor 1 cen11n rocic 
1ype !lave often Ileen ,,.oa.fiea 10 ••fleet 
local oec:whar1t1H or .rr~u11r111H ot :~1 
gooro9y. 
(Iii) Factors related 10 :ft• cona1ruc1 o" 
cec:ftn!Qu.. • 9. dt11l1n9 metllod. flus11,,•9 
i=rocecture. and 910111 i:reuure ·iw111 '""u· 
ence ell• results obc11ne:2. (nte 11f1c:: ~, 
tll ... 1111ecc1 will tie a11c:ussea in i'art :
Co"91tucc1on.) 

On Ute wllole "lowever. ·t would ac:ur 
!1111 clle bond values 1ma1oyea a:t to a :a
gree c:ons;s1en1 w1111 rock cyoe and cc.,.. 
perency. 

Fixed anchor dimensions 
The recommeno111cns Tliele oy var•a"s 

engineers ,,,:11 r11a1cc :;:i 11nq1!"I oi '"".l 
1nc11or lfl aresen1ed .n 'l'Jc:!1 V ·..J,,oer C!'· 

:aon c:ona111ons t .s r1c::;n.s10 :!"Ill .., ... :, 

SllCrttr illl91l"S NOUIC s.,"f1ce. '"'" 1•·tr 
rne ~011hc:a: on of 1 ;t'"erous fac:or • 
ui11y Moweuer. for 1 •try sr1ort 1rc~:· 

:!'le •rf1c1 ot any suo:en oroci ,, ·::• 
ttu1111y 11on9 tn• anc!"lo•J9e zor•. a~a • 
c"n11ruc11on11 errors :r ·"•lfic::e,,c " 
co~IG induce 1 serious 11crease .n :·ar 
•llC:llors C:IOIC•ly. 

WICft r191ra 10 tll• Ci'IO•CI of inC!'IOr : J· 

'"erer several cons .. .iera: or.• may oe ta1<tn 
1n10 account: 

(rl Tvoe 1nct l•ZI of :1,.1on. 
(1t) The re1111on of d••-1:., :o aer•,,.e:rr 

area ol !iaeG anc:-~r J:"O ,,enc.J :~• 
1nct:or c101c.1y. JSS1om .. ,9 un.rorm 
bond. 

(111) R1110 of s:eet JrH :o c:rc:ss-Hct c,.11 
1re1 of bor1no•t ''r eflic1en1 oono : s
tr•buuon an~ cones.or or~ree:.:i:o 

(•") Or.111n9 m111100 1:0.1 ~ ; :o ae .. u.: 
an Cl 

(") N,u•,re of roc:k ,,, :•t J!'l:~.:r ~ore J"~ 
orestnce of i.:nc.:·~ .. ,,.,,," ::1 ; • • 
bur.le" I ,,,., 

The .1ur"ors "".:2 l•o- J ,u,..~• ·• ,-,. 
tri• nu~.:rao c:.:mrn~,e .'· J~c::-::: ·.1~ 

tftJt "'0 ..: "~c: ·•tJt.wrt ... i -iJ, :• · · 
vc:d b.:1r .,Q .n .'Tl,,,:1 :-~ • Jo.011 •. . 
:voe~ o .. i :·u "'C:" .•·;•ors •• 
l"•lr~nJ.,.•;,:,1:~j n •.:;t•/I 
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AICOMMINDA TIONS 

3.2.3 - F.ctors of S•fety 

ihe aesrgn road P 'or rrie a,.,c-or eaL..a1s :~e 
'T'aJC1m1.1m anr1c1carea 1oaa acc1:ei: :.:: !'"'! a,.,c .. cr 
::r-es rne factor of satery usea ,.. ... e -::es•gr" ::t 
:"'e a,.,c~orea srruc~-ure ihe .a'-"':•:"'-; 'Jc::·:• 
:a·':~, :ece~cs-:on~-e~·,,c'?:· .~:: :3; :- :-~ 

3.2.4 Anchor Tendon Design 

ine rencon size ,s ~e!erm,,.,ec s ... c., :""at !'"'e 
cesrgn 1oaa tor rne anc~or coes ,.,or e•ceea 60 
percent of tl'le g1,1aranreed ult1mare re,.,s11e 
strengtn 1GUTS1 ofrrierenaon Tl"e 1octe oft 1oaa 
wn1cn sna11 oe aeter.,,1nea oy rrie design 
engineer. mav t:>e rarger or smaller rrian tne 
aes1gn road. The recommendations for corrosion 
protection g111en 1n Section '5 O CJrrcs1on 
Prorectron sna11 t:>e cons1cerea 

3.2.5 ·Free Slre11ing Length 

Tne tree stressing 1engt1i sl'!ou1a nor oe 1ess rnan 
is feet [4 572m) 

3.2.1 Bond Length 

The t:>ond 1engtn can oe est1r-area oy r~e 

tottow1ng eQuat1on 

Lt:> 

Where 

,, 
d 

'· 

= 
rr • : • r. 

= oona rengtn 
= aes1gn ioaa tor tne ancnor 
= 3.14 
= diameter of tne drill "'O'e 
= wor1e1n9 aond stress .n trte interface 

oetween roc1e ana ;rout 

T..,e working o~-a stress used ~o jeterrn1ne tne 
oona 1engtn is orma11y 25 to 50 oercent ot tr.e
u1t1mate oona stress 

T""e ultlmate Oona stress aecencs on :!"e 

Snear streng:~ ot tne rccK 

2. :: scont1nu1t;es :n :!"e •ocK ~ass 

COMMINTAAY 

nie @f"g1l"'eer sriouic "'Ct :::mco·-'"i: .a•:_; 
'ac'.::rs 'J' sa'e!·1 ..,,..e;. -:es-~-·-; 3"' 3-:- :·Q: 
St" .. c:1.,."~ ~-~ ... -c-:-,.•3,,....•. ]--: .. :• ~~ ! : : .:·-: ~ 

.... ·- ·-~ ... :'1111 -:.-: .. - -

~ .. e 1oad ,,, an aricMor '.!!"'CO,, "T"3·1 e-:-e• 
•"'crease or cecrease -N1tM time ceoe,,c.r; :I"':-"" 
eenav1or ot me str:.;cture 

Tne m1n1mum stressing 1engtl'1 recommended rs 
:o cre•1ent s1gn1t1cant reductions 1n transfer 1oaa 
cue !O stress.ng ancnorage 1osses or ..,oveme,,r 

7°"'e ::ore er-gtri normally is not 1ess :,..an !Q fee! 
For -Jr,...a1 aco11cat10,.,s rrie ::O!"'C ::e!wee" :~e 
:e,..':Or! ar-= a:""C:it~r ;rou~ .s -:: :~ ~.cai 

c._!!·..,w: :es~s ,...3v :e -sei: :: :::!,._ ""~ ~-'! 
... •~:r-3re ·r"S.: ... ::-: s:r!ss :e!·he'!,.. ~--='"':':~a ... : 
:--~ 3,.:~cr ;"-: .. : ;: ..... -·~--= :!s:s _s_a, . "-?':- "! 
:·a::--! :i!,.::,.. .:JC3C :. :~ ,..C .. !~S~·= :,. ·-~ 

:c.nc ~,..;:~·~-=~cc:·: ,.. :--:=" ::· ·3.: :-~ 3.-c-:"' 
~·~11-our !est:-_: .... -: ""O: :-: -e·: ....... .:--: • :-e 
anc!'lors are :-:sr~·: as :esc~ ::e,: r :ec::cr J -

VVl'!e., se!ec: -; '."'e ... c·" "'; ::-~ 3:·~ss '."'e 
en91reer sr-o;.:.: c.:'"!s.:er :·e :r.'.•Cl· -a: .. ·e :· 
!1'!e anc~or ac:!1Cat1on ,ar:a!1crs ,.. "'"e •:c" 
cropert1es 1nc :-e r-sta11a: .::!"' :·:c-:·::..·-:s 
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st:-'!SS space ( ;,T) where ; and T denote normal and shear stc.esses, and J4Qrl.J.~" 

an envelope is -dfiwn tanqent to the cucles apresent1nq t!"le ultlmate ..S,~~7f-15"1b, 

shear stress of any 'Jal~• of confini:iq presso.Jre. 

When t!"le dat! !r~m ~ables 9.2.4-l and 9.2.4-2 are ?lotted, ~!"lree ~or.r'3 

circ~es which are normal for s~ rock salt are obt3ined in F19ure 

9.2.4-2A in stress space : ,Tl The ultimate st:esses can be 

approximated by a str3iqht line (Coulomb) en..,elope of the form 

T • c • : tan .. .. . In conventional 0 !iq 1neer :.nq. terminoloqy, C u called 

the cohesion and : , the anqle of internal friction. In this case, at 

ambient temperatures, rock salt from the 2,700 foot level has an apparent 

cohesion of approxllllately l,000 psi and an an9le of internal friction of 

33°. Similar data for other rocks are be1nq used for mine pillar 

desi9n. Rowever, it should be recoqnized that the ..,alidity of these 

ultimate stress analysM rests on two assumptions: (ll failure u 

independent of the intermediate principal stress, and (2) failure is 

defined solely in terms of stresses and independent Of strain, strain 

rate and time. Both of these assumptions are currently beinq evaluated 

for rock salt. 

In contrast to other roc~s. it is important to remember that rock salt 

under9oes lar9e deformations lon9 before the ~lt1mate stress is reached. 

Since these deformations can exceed lS• even at ambient temperature, it 

is conceivable that a practial failure condition might incorporate a 

maximum deformation criterion. To 1ll~strate tn1s case, t Coulomb 

envelope was constructed (Fiqure 9.2~4-28) wh1ch def1~es the stress 

maqnitudes at an arbitrarily chosen constant value of st:a1n 

1 ~ 
1 

• 2.5t). This value is th• averaqe strain at t!'te ult1mate stress of . 
samples tested in W'liaxial compression at ambient temperature and a 

loadin9 rate of 30 psi/min. It can be seen that Fi9u:e 9.2.4-28 is 

different from the ~lt1mate s~ress envelope in F19ure 9.2.4-2A. Clearly, 

the shapes of the Monr envelopes are hi9n1y dependent on failure 

cr1cecia. The values obtai~•d also depend on the manner in which th• 

Mohr's envelope is drawn. In Fiqure 9.2.4-2A, a ·~est fit• stra19ht l1ne 

can9ent to the circles ~as drawn; while l~ B, a parabola was drawn 

tan9ent to the c1rcles. 

f 
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APPENDIX C ·CHANNEL SUPPORT DESIGN 

The final design of the steel beam support system was the reslit d an evolutionary process that 
started by consJdering an I beam. The origlnat concept called for an I beam that would be held in 
place by eight rock anchors and four yieldable steel posts. This design had several dlfficultles 
with It: 

o Each I beam would weigh about 2,000 pounds. making the Installation process difficult and 
potentlaJly dangerous. 

o The supporting rock anchors could not be attached to the cantertlne d the I beam. 
Instead, the rock anchors would have to be attached by means d a separate plate to the 
flanges d the I beam. This would have generated excesa momenta In the beam as well as 
introducing torque forces, which would have been dlfflclit to calculate. 

o The yleldable posts would have been dlfflclit to test. and as they were not performing any 
function that the rock anchors could not provide, they were eliminated from the design. 

The finat design calls for a 15 x 40 channel with 11 rock anchors that are fastened through the 
centertine d the channel. 

The channel will be made d three 9 foot sections bolted together with four 7.5 Inch by 3 Inch 
splice plates which allow for greater ease In the handling and placamant d the channel. 

The beam has been designed to accommodate the unequal dlsbibutlon d the rock load, and the rock 
anchors will be tensioned to account for the fact that most d the detached load Is In the middle 
of the room. 

The support channel design calculations are given below. 
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GEOTECHNICAL MONITORING PROGRAM 

1.0 INTRODUCTION 

DRAFT 
09/10/91 

A system to support the roof In Room 1, Panel 1 has been designed on the basis al the rock 
mechanics data that Is given In the Geotechnlcal Design Summary Report (Westinghouse, 
1991 a). The design itself, la presented In the Design Report for the Supplementary Roof 
Support System, Underground Storage Area. Panel 1, Room 1 (Westinghouse, 1991 b). The 
support system accommodates a controlled yield al the roof rock as the creep al the salt 
takes place. The success al the planned system relies heavly on a monitoring program that 
will determine not only the geomechanlcal performance al the room but wll also assess the 
structural performance of the support system. 

The support system Is designed to carry the dead weight al a rock wedge that Is forming in 
the roof of Room 1. The development al this wedge has been established from the rock faJI 
that occurred In SPOV Test Room 1 and from obsaNatlons al fracture development In other 
parts al the underground facBlty. The wedge Is not yet fully formed but experience In Room 
1, Panel 1 would Indicate that It wll form within the next 7 years unless fracture 
development In the roof can be controlled. The support system In Room 1 has two purposes. 
It Is design to minimize the development and propagation al roof fractures thereby, ensuring 
that the rock remains self supporting for as long as possible, and secondly the system must 
have an capacity to carry the dead weight of the rock wedge once It forms In the roof while 
accommodating both vertical and lateral displacements due to far flald creep affects. 

The geotachnical monitoring program will establish the loads that are developing In the 
support and the deformations al the rock that are taking place around the room. The 
geotechnical data wl be used to ensure that the support system Is performing In a · 
controlled manner and to establish the load adjustmenra required to the support system In 
order to accommodate the creep movements al the satt, and to confirm that room performance 
remains within satlsfadory bounds. 

This plan describes the gaotachnical monitoring program that wll be Implemented to evaluate 
both the room performance and the performance al the support system. The plan describes the 
Instrumentation that wl be installed In the room. and It discusses the criteria that wl 
be applied to ensure that the support system la adjusted In a controlled manner and that 
room performance remains satlsfadory. It should be noted that as more data becomes 
available, especially on the lntaracdon al the support with the room. then the crlterta 
that ara the basis for adjusting the loads on the. support may require modification. 

The plan has been davaloped and wl be Implemented In accordance with the general 
requlr8rnents for the contrat al test adMtlea u described In the Geotechnical Engineering 
Program Plan (Wesdnghause, 1991 c). They CCNar the alghtaen criteria that ara defined In 
the QUlllty Auurance Program for Nuclear Faclltlee (ANSl/ASME NCA-1-1988). The 
Geotechnlcml Engfneertng Program Plan supporta the QUlllty Assurance Program Implemented at 
the site (Westinghouse, 1990). · 
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The geomechanlcaJ monitoring al a room can give Indications al Its deterioration. 
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Monitoring al the pedpnnance al excavations at the WIPP has already provided earty 
Identification al such conditions. SPDV Test Room 1 showed evidence al worsening conditions 
at least 3 years prior to the roof faDure In that room. In addition, the Geotechnical 
Expel! Panel has expressect confidence that Instrumentation In Panel 1 can give adequate . 
notification of deteriorating conditions (US DOE. 1991 ). 
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2.0 MONITORING OF ROOM PERFORMANCE 
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The program for monitoring room performance has already been developed and Implemented In 
Room 1, Panel 1. The basis for the monitoring Is that the measurements and obseNatlons are 
simple to make; That minimal maintenance of Instrumentation is required, that 
Instrumentation Is easly replaced If It malfunctions; and that conditions throughout the 
room are known. The data should also provide data on geomechanical performance features 
that have been Identified elsewhere in the underground facilty, especially In the SPOV Test 
Rooms as features that should be to give good comparison with other data collected at the 
site. Room performance ls being characterized from the following: 

o the developlnem of bed separations and lateral 
shifts at the Interfaces of the salt and the clays underlying 
the anhydrltes •a• and .,, •. 

o the establishment of the room dosure rates and determine I they 
are accelerating with time or exceeding expected rates. 

o the assessment of the behavior of the pillars. 

o the assessment of fracture development In the roof and floor. 

The Instrumentation In Room 1, Panel 1, was upgraded during the summer of 1991 from the 
original monitoring program established for the panel In 1988. Al. that time, !Imitations 
were Imposed on penetrations through the anhydrite .,,. In the roof. These limitations were 
In effect for waste st~ge considerations and no longer apply to the use of the room u the 
location for the bin scale tests. Roof conditions ara new assessed from obaeNatlon 
boreholes and from extensometer measuramenta. Measurements of room dolura, rock 
displacements and observations of fracture development In the Immediate roof beam can now be 
made and used to evaluate the performance of the room. The upgraded monitoring program was 
presented to the Geotechnlcal Expert Panel who considered that It was adequate to determine 
deterioration within the room and could provide early warning of deteriorating conditions In 
the room (US DOE. 1991). 

The location of the Instrumentation monitoring room performance Is shown In Figure 2.1. The 
specifications for the lnstrumenta ara given In Table 2.1. A summary of the lnstallatlon 
requirements lndudlng tolerances, workmanship and national codes and standards that the 
Instrumentation must meet are given In Appendbc A. Figures 2.2 and 2.3 provided the 
Instrumentation cabling layout for the convergence meters and extensometers respectively. 

2.1 ROOM CONVERGENCE MEASUREMENTS 
Vartfcal Ind hortzantal canvergenca stadons w1 be Installed at seven crou sactlons 
throughcU the room to monitor roof /floor and wd/wd room dosure. The locations for the 
lnstnmera ara provided In Figure 2.1. Al. each crou sedlon. roof /floor convergence wll 
be meuurad at mid span and at room quarter points Ind wall/w&J convergence wl be 
measured at mid room height The canvergenca measurements wll establish the rates of room 
dosure for comparison with predicted rates and wl be avaluatld to determine uaymrnetrtc 
roof /floor dosura of the room. 
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Each convergence station wUI consist of a machanlc8' anchor fixed about 150 mm below the 
rock surface. Catala of a typical convergence anchor Installation are given In FigUra 
2.4. · An extansometar consisting of a wire or tape stretched under a constant tension and 
with an accurate distance measuring device Is attached between the anchors . Changes in 
length between the anchors wll be monitored pariodlc8'1y to determine room dosura. The 
convergence measurements can be made manually or remotely. For manual measurements the the 
extensometer Is put In place only for a reading and Is subsequently removed. For the remote 
readings. the extensometer remains In position and the manual e>etensomater measuring device 
Is replaced by a electronic length measuring device. In our application In Room 1, a 
potentiometer readout with a range al 36 Inches wll be used where remote readings can be 
obtained. Remote r.aadlngs cannot be made at all locations because the permanent 

· , Installation of wires across the room will Interfere with access Into the room. 

2.2 EXTENSOMETER MEASUREMENTS 
Borehole extensomaters wl be Installed In the roof and the walls of Room 1. Roof 
extensorneters wll monitor bad separations at anhydrttes •a• and ,,., and dlatlon and creep 
movements within the Immediate roof beam of salt Wal extensometers wl monitor the 
lateral deformations within the pillars. 

Within each borehole, five measuring points will be anchored to the rock to monttor rock 
movements towards the room. Oetals of a typicaj borehole extensomatar lnstaJlatlon are 
shown In Figura 2.5. In the roof holes the anchors are nominally fixed at depths Into the 
hole of o, 8.5, 7.5, 13, and 14 feet. for the purpose of monitoring bad separation across 
the anhydrttes •a• and,,.. In the wall holes. the anchors are fixed at depths of 0, 5, 10, 
15, 25 and 50 feet. The specifications for the drlllng of boreholes. the lnstalatlon al 
e>etensometers and for the Instruments are given In Tabla 2.2. 

Calibration of the measuring davlce for the m~pl• point extansomaters wll be carried out 
either by the manufacturer or by the Sita Callbratlon Laboratory. Callbratlon wll be 
traceable to N.l.S.T. 

Readings wll either be taken manually with a readout davlca provided by the manufacturer or 
will be performed remotely through the automadc data acquisition system that Is maJntalned 
by the Manager and Operating Contractor In the underground. M81U'tng fraquancy, once the 
room Is In use as a laboratory for the bin scale tests wl be carried out fN9rf week. Thia 
frequency may be adlusted to meet any changes that develop. 

2.3 SURVEY MEASUREMENTS 

Survey measurements wll be made In the room by the surveyors from Mina Engineering. These 
rnauuramanta wll be used to 18P8f8te roof and floor daformatlonl. The rnauuramanta wl be 
taken on a routine bull, probably at Intervals-of about 3 months. 

2.4 FRACTURE MAPPING OF OBSERVATION BOREHOLES 

Three observation boreholes have bean drlled Into the roof of Room 1, Panel 1. 
Observations of bad separation and lateral Slrata shifts wl be made on a roullna basis at 
Intervals of about 3 months. The boreholes wll be monitored using a scndCh probe that hu 
bean used for the Excavation Etred Program (U.S. DOE. 1987). The halal can also be viewed 
with a borehole camera I the fracturas raqun vlsull observation. 

In addition. the boreholes for the rock anchors wl be observed from fractures lmmadlately 
following their drlllng. This wll be carried out using the scndCh probe. 
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2.5 DATA ACQUISmott 
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Th8lnstrurnentatl0 monitoring room performance, la currently read manually. Conversion to 
remote reading of Instrumentation Is plamed. Thia conversion will take place when the data 
acqulsltk>n system for the monitoring of the support system la Installed In the room. It 
may not be practlcal to convert al the Instrumentation to remote readlnga. The roof 
extensometers will be converted to remote reading. The ancllary equipment to allow remote 
reading of the quarter point convergence stattona wl be Installed but a final decision on 
Installation of the wires will depend on astabllshlng that they wll not be damaged by 
personnet malntaJning or sampling the bins. The roof/ftoor convergence stations at midspan 
I.e. down the middle of the central accesa way and the wd/waJ convergence srattons wll 
not be monitored remotely u they would iUrfere with access 

The Instrumentation wl be monitored from a data logger located In an alcove In S1960 of 
Panel 1 between Rooms 4 and 5. The data logger II part of the Geomechanlcal lnelrUmentadon 
System Installed In the underground. The system II conlralled from a computer located on 
the surface. The data logger that wl be used to remotely raad the Instrumentation 
monitoring room performance In Room 1 la alraady In place. The speclflc:adons to which the 
datalogger la manufactured are provided In Appendix A. 

The results from the Instrumentation In the room wl be evaluated on a continuous basis. 
Oocumentatfon of the results will be provided annually In th8 Geotechnical Field Data and 
Analysis Reports. 



3.0 MONITORING OF SUPPORT SYSTEM PERFORMANCE 
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The monitoring of the support system performance provides an assessment of the manner in 
which the support Is controlling roof movements indudlng the breakup of the Immediate 
roof. The monitoring program In Room 1, Panel 1 will evaluate the following: 

o the performance of the structuraJ system that supports the roof. 

o the load that develops In each rock anchor for the purpose of adjusting loads so that 
the buUd up Is controlled In a consistent manner. 

The basis for the Instrumentation must be that the measurements are simple; that 
Instrumentation Is easUy replaced If It maffunctlons; and that the performance of each 
anchor can be continuously monitored and raadly compared with perfonnance of other 
anchors. The instrumentation layout for monitoring the support system performance Is 
provided In Figure 2.6. Cabling layouts are provided In Figures 2.7, 2.8, and 2.9. 

The most Important of these measurements are those that determine the anchor loads. These 
measurements wUI be used to adjust the anchors to ensure that the anchors are not stressed 
beyond the allowable working stresses and that the roof Is lowered In a contraled manner 
that accommodates the continued creep of the solid salt 

The measurements of cable elongation and pressures developing on the sheeting are taken to 
determine how these components of the support system are performing. No adjustments are 
plamed on the basis of these measurements. However, If they show load buldup addltlonal 
actions may be considered. It Is not expected that breakup of the roof rock wl be 
excessN8, It appears more llkely that the rock wl remain prfmarly self supporting urd 
the detached wedge In the roof fully forms. It Is not expected that this wll occur within 
the next two years based on the experience obtained from SPOV Test Room 1 Therefore, It Is 
not believed that loads approaching the full weight of the detached wedge wll develop on 
the expanded metal sheeting and the cables. 

3.1 ROCKBOLT LOAD CELLS 
The rockbolt load cells monitor the axial loading on the rock anchors. The measurements 
wUI be made on each anchor and wl be the basis for adjusting the load on each anchor 
should an adjustment become necessary. 

Each load cell conslsta of a cytlndrlcal body with a central anrUUI for the rock anchor. 
The load measuring element Is a spool of high itrength steel or mwnlnum on which elactrtcal 
resistance Sb'aln gauges ara bonded In a ful bridge configuration that provides temperature 
stabllty and compenstatlon for off center loading. A steel outs cover and O ring Slafa 
protect the strain gauges from mechan1cal damage and water penetration. 

The load cells shall have sufficient capacity to measure up to !50 kips with a sensitivity of 
0.02 kips. In order to mmdmlze the vertical adjusunent on the tendons, the height of the 
load cells shall not exceed 75 mm. The typlcat load cell Installation Is shown In Figure 
2.10. 

3.2 PRESSURE CEUS 
Pressure Cells that wll monitor the pressures that develop between the expanded metal 
sheeting and the salt roof. The measurements wl be made In selected araas within the room 
that are expected to have the greatest roof movements and hence, be more susceptible to the 
development of loads due to the breakup of the Immediate roof rock. Typical pr8SIUf8 cell 
Installation Is shown In Figure 2. 11. 
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The pressure cell ls manufactured from two steel plates welded together. The space between 
the two plates Is fBled with de-aired antifreeze solution or hydraulic fluid and la · 
connected via a hlgh1Jressure stainless steel tube to a pressure gage and/or pressure 
transducer. A pump Is used to Inflate the pressure cell and press the cell against the 
rock. A change In load on the the cell wll cause a deflection of the diaphragm which 
results In a change In the fluid pressure. The pressure cells. In Room 1, wll be installed 
between the rock and the mesh to monitor the pressure distribution on the cable lacing and 
mesh. 

The pressure cells should be constructed from corrosion resistant materials such as 
stainless steel. Each pressure cell wUI have pressure gage. The pressure cell can be 
modified for remote monitoring by replacing the pressure gage with or adding a pressure 
transducer. 

The most Important factor to take Into consideration when Installing pressure cells is to 
ensure a good contact with the surrounding material and to avoid locaHzed or point loading 
of the cell. To avoid point loading, the pressure cells wll be encapsulated with a 
concrete based grout After the grout has set up, the pressure cells are placed between the 
rock surface and support mesh. The pressure cells are pumped up so that the cell ls 
completely fDled with fluid. 

Pressure in the cells will be monitored using pressure gages. Monitoring of the pressure 
cells can be change from manuaJly read to remotely read with the addition of a pressure 
transducer to the cell. 

3.3 CABLE ELONGATION 
Crack meters will monitor the elongation of the cables that support the mesh and expanded 
metal sheeting. The measurements wll be made on selected sections within the room that are 
expected to have the largest deformations and be more susceptible to breakup of the 
surftclal rock. Typical crack meter lnstallatlon Is shown In Figure 2.12. 

3.4 DATA ACQUISmON SYSTEM 
The data acquisition system shall provide for remote rnUtJplaxlng of the load calls at 
locatlons within the room. The data acquisition system shall be capable of handling the 
required number of multiplexers. The data acquisition system shall be configured to monitor 
33 rows of load cells, each row containing 11 loads cellL 

The data logger wll consist of a progranvnable controller, switching units. and a readout 
device. To prevent themal deterioration, the switching units must mWtlplex al signal 
functions for each lnsbument. ContJnuous connection to a consrant-voltage power bus is not 
allowed. 

The data logger wl Include a Racal-Vadlc Model VA1251G/K modem for data link connection to 
the surface d8ta logging computer. 

To faclltate compatlbllty with existing GIS aqulprnerf. mdsllng communication parameters, 
protocol, and programming must be Incorporated Into the data logging components. 

A Racal-Vadlc Modem Model VA1251G/Kwl exchange ASCH characterdataaverthedatallnk 
cable via the following parameters: 

0 
0 
0 
0 

Baud Rate 
Partly 
Stop Sb 
Word l.angth 

-300 
-Evan 
-One 
-Seven Bits 
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The two panel switches on the Racal Vadlc Modem are to be sat as fcllCMS: 

0 
0 

AnaJog/Ofgltal Loopback 
Transmit Reversal 

-OFF 
-OFF 
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The modem's RS-232 Interface wll connect with the supplier-provided control units to ensure 
proper data communications. 

The surface datalogglng computer has been programmed to communicate with all underground 
contra units through an exchange of ASCII charader data. The computer sends a two 
charader address sequence down the datallnk cable through the surface modem. Each control 

· unit then demodulates the charader sequence through Its modem. Each control unit Is 
uniquely programmed (via a PROM chip) to respond to Its own address sequence. Upon receipt 
of Its address sequence, each control uni wl poll Its lnstrumenCa. perform any necessary 
data redUdlon, and send lnstrumenr readings through the modem as a strtng of ASCII 
charadars. 



4.0 ADJUSTMENT OF SUPPORT SYSTEM 
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The most Important pan of the support system performance Involves the controlled yield of 
the root. It Is expected that the Interaction of the support system with the root wHI pass 
through several stages. 

The anchors will be set to a nominal load of 1000 lb after proof testing to 1.33 times their 
working load. The purpose of the praload Is to ensure that the lacing and meshing under the 
channel Is secured firmly In posttlon. Aa the loads change they wl be compared with an 
estimate of conditions. There are two cases to be considered. These are the control of 
load during the detachment of the wedge when the ful loads have not developed and the case 

, when the wedge has detached and the working loads have been reached and any continued build 
up would be dependent on the creep of the aolld salt onto the wedge that creates a stress 
buBd up In the support system that must be relieved by the contraled yield of the support 

Initially, the roof wll be self supporting as the fractures wl not have developed 
sufficiently to define a detached wedge. It Is likely that this condition will be 
maintained for a period of years. especially if the bolting systems are able to reduce the 
widening and propagation of the fractures that do develop. However, for worst case 
conditions, It must be assumed that fractures wll propagate and that gradually the degree 
of self support of the root wl be lost As this occurs, the rock anchors wl provide 
Increasing roof support and loads wll buld up In the anchors. Once the root wedge becomes 
detached, then the rock anchors wl be fully supporting the wedge and wl have reached 
their working loads. Control of anchor loads must consider the adjustments needed during 
load buld up when the wedge Is not Uy detached and load distributions may not be u 
expected, and those required once the wedge has detached and Is subject to bod\ verdcal and 
lateral movements due to the creep of the aolld salt 

In addition, the wedge shape must be taken Into account when estJmatlng the adjustments that 
must be made to the anchor loads. Two possible geometric shapes have been proposed to 
define the wedge that developa in the root of excavations. A triangular distribution 
ldentJfled from visual obseMltlon of the root fd In SPDV Test Room 1, and a parabolic 
distribution based on survey data of the root of the room aft• the fal For the purpose 
of assessing the adjf,lltments to the anchors In Room 1, bath dlalributlonl wl be compared 
with the field data to determine which Is men appraprtate. The compartson wl be carried 
Ot4 on a ttNt by ttNt basis and also fN8r time since the geometry of the wedge may depend on 
locatlon within the room and load distribution within a ttNt of anchors may change with time 
as fractures develop. 



4.1 CRl.TERIA FOR ~OAO ADJUSTMENT 
The criteria for adjusting the loads in the anchors are as follows for the two cases that 
have been identified: 

CASE 1: Load distribution below Maximum Working Load 
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This case will occur as the load develops from the nominally applied loads due to the 
Increasing support provided to the wedge as the fractures develop. During this stage It Is 
not obvious exactly how the loads will buld up, but It Is expected that they wl develop 
slowty because the rock is still self supporting. Based on these assumptlona. the following 
criteria will be applied to load adjustments for a row during the buld up to maximum 
working loads: 

o No adjustments will be considered necessary to a row al anchors untl 
the load In one anchor exceeds 4 kips. 

o If the load distribution within a row al anchors Is consistent with a trtangUar or a 
parabolic load distribution, then no adjustment is necessary. Consistent Is taken to 
mean, variations from the load distribution al less than 20 percent for all anchors 
in the row. 

o If the loading for a row al anchors Is consistent with a trtangular or a parabolic 
distribution but with a variation from 20 to 25 percent for an lndlvldual anchor, 
then no adjustment is necessary, but an analysis shal be made to establish the rate 
al load Increase for all anchors within the row and to estimate whether the varfadon 
Is increasJng and the time that It will take to reach a value al 25 percent above the 
remainder of the distribution. 

o If the load distribution for a row al anchors Is consistent with a triangular or a 
parabolic load distribution but with a variation al 25 percent for an lndlvldual 
anchor, then an adjustment to that anchor wl be canted out The load on the 
anchor wl be reduced by not more than 50%. 

o If the load In one anchor excaeda 4 kips and the load dlslribudon within the row Is 
not consistent with tither a triangular or a parabollc dlltrlbutfon. then a study 
wBI be carried out to establish whether an altematlve plausible load dlsb'lbudon 
can be established. If this Is posstble, then this distribution wl be used to 
determine the adjustment to the anchor load. 

For example, I the loads develop on OQ8 side al the room due to assymmelric room dosure, 
then an assymmetrlc load distribution may b8 found to be a more appropriate basis for load 
redistribution. 

CASE 2: load Dlstrtbudon at Maximum Working Lcada 

load dlslributlon at maximum working lolld " considered to haw devaloped when conlrOlled 
adjustment al a row al baits cannot reduce the anchor laeda below lw.fa that.,. consistent 
with the weight al a detached rock wedge. Once this stage Im been raeched, then the 
following criteria wtl be used to adjust the anchorl In each row: 

o If the measured load In an anchor ts 1 o percent or more rNet the allowable working 
load tor that anchor, an adjustment to the load wl be made. The load on the anchor 
wl be reduced by nae more than 50"9 al Its allowable working load. 
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o If the load distribution does not conform with a triangular or parabolic 
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distribution, a.study will be carried out to determine whether the measured 
dlsbibutlon Is reasonable and can be explained In terms of a geometric wedge shape 
that Is appropriate. 

These criteria are based on our expectation of the performance of the roof rock and of the 
support system and their Interaction. A mock up demonstration Is planned In another room In 
Panel 1. During the demonstration, loads In the anchors wll be adjusted to establish the 
effects of changing loads by a comaled amount on the loads that develop on nearby bolts. 
Should the data from the demonstration Indicate that the criteria do not provide adequate 
control for support system adjustments. then altematlve criteria wll be developed. The 

, appllcatlon of the modified criteria to the adjustment of the support system In Room 1 will 
require the approval of the Manager of Engineering for the Managing and Operating Contractor 
for the WIPP with concurrence from the Managers of Operations, Safety, and Quality 
Assurance. 

4.2 ANALYTICAL EVALUATION FOR LOAD ADJUSTMENTS 
In parallel with the monitoring of actual loads In the rock anchors. a study will be carried 
out to determine the load transfer that can occur between anchors. The study will lnduda 
field tests and analytical computations. The field tests will Investigate how load changes 
In one bolt affect adjacent bolts. Computational analyses wll look at load transfer 
effects between bolts. These studies will be completed before adjustments to anchor loads 
are required In Room 1, Panel 1. 

Computer sJmulatlons wll assess the affects of adjusting the loads within the tandona . 
This will be dona on a row basis, since the avalabl• software codas ant based on two 
dlmansJonal modelling and It Is assumed that In eractlon effects between rows spaced 
nominally 10 feet apart will not be slgniflcanl The codas that will be used ant VISCOT, a 
finite element coda and Fl.AC, a finite difference code. Both codas were developed for the 
structural analysis of geologic media. The VISCOT code which Is a version of a publicly 
avaDabla coda originally developed by Hinton and Owen (1982) was modified for used In the 
Salt Repository Program for the disposal of high level radioactive wastes. The Fl.AC coda Is 
a propietary coda developed with funding from the Nuclear Regulatory Convnlsslon for 
application to repository projects. 

The codas will be used to determine Interaction affactl between bolts supporting the 
Isolated rock wedge. Thay wll establish I adjusting the load In one anchor within a row 
will change the loads In other bolts within the row and by how much. Thay wl also assess 
whether assymmetrlc load distributions can develop due to lateral or dlffarantlal verdcal 
dlsplacaments of the salt and how these affects can be compensated for or minimized by 
adjusting the anchor loadL 

A prellmlnmy assessment of load redistribution has been canted our using VISCOT. For the 
case of the fUly detached wedge reduction Is bolt loading of wl be redislrlbuted among 
the other bolts In a row without overtoadlng of any bolt. The redistributions for a number 
of cases are shown In F1gures 4.1. It should be noted that the study of bolt load 
adjustment wl be an ongoing activity and that fteld data wl be assessed to determine the 
effectiveness of the analytical evaluatlons for load adjustmentl. 
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SUMMARY OF AFFIDAVIT OF MARCUS A. WILEY 

Mr. Wiley is a registered professional engineer with 

nineteen years of mining industry experience. He is president of 

a mining consulting firm and has been responsible for the 

development and maintenance of dozens of project schedules for 

mining and related construction activities. 

Mr. Wiley reviewed DOE planning documents concerning Test 

Phase activities. He employed project management computer 

analysis and concludes that ten years, and in any event no less 

than nine and one-half years, would be required to complete the 

Test Phase activities. This period is significantly beyond the 

term of the administrative land withdrawal. 



AFFIDAVIT OF MARCUS A. WILEY 

STATE OF COLORADO ) 
) SS. 

COUNTY OF ARAPAHOE ) 

MARCUS A. WILEY, states as follows: 

1. I am a registered professional engineer in several states (New Mexico 

license number 8384, Colorado license number 14650, Oklahoma license number 

14203). I have nineteen years of mining industry experience since graduation from 

college. My Bachelor of Science degree in Mining Engineering was obtained in 

1972 from the New Mexico Institute of Mining and Technology located at Socorro, 

New Mexico. 

2. I make this affidavit for the purpose of setting forth, in accordance with 

accepted techniques, the time schedule or "time line" that demonstrates how the 

proposed Department of Energy (DOE) nuclear waste tests at the Waste Isolation 

Pilot Plant (WIPP) will be conducted and how much time they would, in fact require. 

My conclusion is that ten years (and in any event, no less than nine and one-half 

years) would be required - a period significantly beyond the term of the 

administrative land withdrawal involved here. 

PERSONAL BACKGROUND 

3. I was employed by Consolidation Coal Company from 1972 through 1981 

Page 1 of 5 



Affidavit of Marcus A. Wiley 

in increasingly responsible engineering and management positions throughout the 

United States. Among those positions were mining engineer, project engineer, 

senior mining engir 1eer, production foreman, maintenance foreman, maintenance 

superintendent, mine superintendent and project manager. I worked in mines 

and/or engineering offices located in Utah, New Mexico, Colorado, Montana, Illinois 

and Ohio. I worked in various phases of mining including exploration, geologic 

mapping, mine planning, scheduling, mine economics, permitting, government and 

public relations; equipment selection, employee selection, training, construction, 

maintenance and operations. 

4. Wiley Engineering, Inc. is a mining consulting firm organized in October 

1981 to provide professional services to the industry. Its office is located at: 9137 

E. Mineral Circle, Suite 380, Englewood, Colorado 80112. I am its president. The 

firm provides clients with assistance in exploration, geological mapping, reserve 

evaluation, mine planning, mine design, project scheduling, permitting, operations 

review, feasibility studies, economic analysis, computer applications, bid evaluations, 

contract evaluations, project management, contract mining, contract reclamation, 

conveyor belt design and construction, and litigation support. 

5. Between August 1983 and August 1985, I also served as the President of . 
Ranchers Coal, Inc., located in Miami, Oklahoma. In this position, I managed an 

investor acquisition of an Oklahoma coal company and supervised a four-fold 

increase of producti~n. I had overall responsibility for financing, marketing, lease 

acquisition, geology, engineering, permitting, scheduling, reclamation, safety, 
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Affidavit of Marcus A. Wiley 

operations, transportation and public relations. 

CREATION OF TIME SCHEDULE 

6. A comprehensive plan and time schedule is critical to the success of any 

project. A great deal of my experience has been in the planning and scheduling of 

operations. I have been responsible for the development and maintenance of 

dozens of project sc.nedules for mining and related construction activities. 

7. I conducted the time line analysis with the assistance of Darlene K. 

Sherrod. Ms. Sherrod received a Bachelor of Business Administration degree in 

Business Management and a Bachelor of Business Administration degree in 

Business Analysis from Texas A&M University located in College Station, Texas. 

Her study in Business Analysis included numerous courses in scheduling, computer 

science, operations research, statistical analysis and project management. After 

college, she worked on various scheduling and project management assignments 

utilizing numerous computer applications. Ms. Sherrod acted pursuant to my 

direction and reported directly to me. 

8. I reviewed materials prepared by the Department of Energy, Sandia 

National Labs, Westinghouse Waste Isolation Division, and the Environmental 

Evaluation Group of New Mexico relating to the WIPP Project. accepted and 

utilized the assumptions and specifications set forth therein as to the amount of 

time each element of the proposed test would require. I then prepared time line 

schedules for the testing of nuclear waste proposed for the WIPP site. 

9. The following documents among others were reviewed for the preparation 
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Affidavit of Marcus A. Wiley 

of the WIPP project time lines: 

A. 40 C.F.R. §§ 190-91 

B. Test Plan: Bin CH TRU Tests (SAND 90 8500) 

C. Test Plan Addendum #1: Bin Scale Tests (SAND 90-2082) 

D. Status of the WIPP Project (Neill & Chaturvedi) (Waste Mgmt. '91) 

E. Critical Experiments and Time Lines (W.D. Weart, SNL) 
(Aug. 12, 1991) 

F. Room Stability Expert Panel (April 1991) 

G. Waste Retrieval Plan January 1990 (DOE/WIPP 89-022) 

10. PERT and Gantt schedules were prepared using computer application 

software. The schedules prepared are a Gantt chart titled "WIPP Project Schedule 

of Activities" (exhibit 1) and a PERT chart titled "WIPP Project PERT Chart" (exhibit 

2). These schedules incorporate the Wet and Dry Bin-Scale testing, the Alcove 

testing, laboratory testing, solubility/leachability tests, waste retrieval and safety 

margin for retrieval. The time line starts with the issuance of notice to proceed on 

October 3, 1991, and assumes receipt of nuclear waste on October 1 O, 1991. 

Furthermore, the assumption is made that specified and required start-up testing 

has been completed as described in test plan documents. The time line 

incorporates the phasing and ttme requirements for other various activities as 

discussed in the documents reviewed. 

11 . The computer software used to develop the PERT and Gantt charts 

which describe the WIPP project scheduling is Time Line published by Symantec 
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Affidavit of Marcus A. Wiley 

Corporation located in Cupertino, California. This software package is designed 

specifically for use in project management and related applications. 

12. The attached Gantt (exhibit 1) and PERT (exhibit 2) charts show a total 

time requirement of almost 1 O years (October 3, 1991 to August 8, 2001) to 

complete the proposed testing and retrieval of nuclear waste as discussed in the 

documents reviewed. This time period extends four years beyond the date for the 

end of the administrative withdrawal (June 29, 1997). (Note: if it were assumed 

that the last bins delivered to the site were tested only for the duration of the first 

bins received, then the total time requirement might be reduced to about nine and 

one half years - still well beyond the administrative withdrawal period.) 

Statutory verification: 

I declare under penalty of perjury that the foregoing is true and correct. 

Executed on October 5, 1991. 
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government in investigating the violations, use of environmental 

audits and other procedures to ensure compliance with all 

applicable environmental laws and regulations, and use of 

~easures to remedy expeditiously and completely any violations 

and the harms caused thereby. 

This guidance and the examples contained herein provide a 

framework for the determination of whether a particular case 

presents the type of circumstances in which lenience would be 

appropriate. 

II. Factors to be Considered 

Where the law and evidence would otherwise be sufficient for 

prosecution, the attorney for the Department should consider the 

factors contained herein, to the extent they are applicable, 

along with any other relevant factors, in determining whether and 

how to prosecute. It must be emphasized that these are examples 

of ~he types of factors which could be relevant. They do not 

constitute a definitive recipe or checklist of requirements. 

They ~erely illustrate some of the types of information which is 

relevant to our exercise of prosecutorial discretion. 

It is unlikely that any one factor ~ill be dispositive in 

any given case. All relevant factors are considered and given 

the ~eight deemed appropriate in the particular case. See 

federal Principles of Prosecution (U.S. Dept. of Justice, 1980), 

Comr.tent to Part A.2; Part B.J. 
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A. Voluntary Disclosure 

The attorney for the Department should consider whether the 

person.11 ~ade a voluntary, timely and complete disclosure of the 

~atter under investigation. consideration should be given to 

whether the person came forward promptly after discovering the 

noncompliance, and to the quantity and quality of information 

provided. Particular consideration should be given to whether 

the disclosure substantially aided the government's investigatory 

process, and whether it occurred before a law enforcement or 

regulatory authority (federal, state or local authority) had· 

already obtained knowledge reqardinq noncompliance. A disclosure 

is not considered to be "voluntary" if that disclosure is already 

specifically required by law, requlation, or permit.~ 

B. Cooperation 

The attorney for the Department should consider the degree 

and timeliness of cooperation by the person. Full and prompt 

cooperation is essential, whether in the context of a voluntary 

disclosure or after the government has independently learned of 

violation. consideration should be given to the violator's 

11 As used in this document, the terms "person" and "violato:r 
are intended to refer to business and nonprofit eneities as we 
as individuals. 

2.1 For example, any person in charge of a vessel or of an on 
shore facility or an offshore facility is required to notify 
appropriate agency of the United States Government of any 
discharge of oil or a hazardous substance into or upon inter 
the navigable waters of the United States. Section Jll(b) (5) 
the Clean Water Act, 33 u.s.c. 132l(b) (5), as amended by the 
Pollution Act of 1990, Pub. L. 101-380, § 430l(a), 104 Stat. 
533 (1990). 
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willingness to make all relevant information (including the 

complete results of any internal or external investigation and 

the names of all potential witnesses) available to government 

investigators and prosecutors. Consideration should also be 

given to the extent and quality of the violator's assistance to 

the government's investigation. 

c. Preventive Measures and Compliance Programs 

The attorney for the Depart~ent should consider the 

existence and scope of any regularized, intensive, and 

comprehensive environmental compliance program: such a program 

may include an environmental compliance or management audit. 

Particular consideration should be given to whether the 

compliance or audit program includes sufficient measures to 

identify and prevent future noncompliance, and whether the 

program was adopted in good faith in a timely manner. 

Compliance programs may vary but the following questions 

should be asked in evaluating any program: Was there a strong 

instit~tional policy to comply with all environmental 

requirements? Had safeguards beyond those required by existing 

law been developed and implemented to prevent noncompliance from 

occurring? Were there regular procedures, including internal or 

external compliance and management audits, to evaluate, detect, 

prevent and remedy circumstances like those that led to the 

noncompliance? Were there procedures and safequarjs to ensure 

the integrity of any audit conducted? Did the audic evaluate all 

sources of pollution (i.e., all media}, including the possibility 
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of cross-media transfers of pollutants? Were the auditor's 

~eccm.mendations implemented in a timely fashion? Were adequate 

resources committed to the auditing program and to implementing 

its recommendations? Was environmental compliance a standard by 

Nhich employee and corporate departmental performance was judged? 

D. Additional Factors Which May Relevant 

1. Pervasiveness of ~Toncompliance 

Pervasive noncompliance may indicate systemic or repeated 

par~icipation in or condonation of criminal behavior. It may 
-

also indicate the lack of a meaningful compliance program. In 

evaluating this factor, the attorney for the Department should 

consider, among other things, the number and level of employees 

participating in the unlawful activities and the obviousness, 

seriousness, duration, history, and frequency of noncompliance. 

2. Internal Disciplinary Action 

Effective internal disciplinary action is crucial to any 

compliance program. The attorney for the Department should 

consider ~hether there was an effective system of discipline f1 

employees who violated company environmental compliance polici 

Did ~he disciplinary system establish an awareness in other 

employees that unlawful conduct would not be condoned? 

3. Subsequent Compliance Efforts 

The attorney for the Oepart~ent should consider the ext~ 

of any efforts to remedy any ongoing noncompliance. The 

promptness and completeness of any action taken to remove th 

source of the noncompliance and to lessen the environmental 



- 6 -

resulting from the noncompliance should be considered. 

Considerable weight should be given to prompt, good-faith effor~s 

to reach environmental compliance agreements with federal or 

state authorities, or both. Full compliance with such agreemen~s 

should be a factor in any decision whether to prosecute. 

III. Application of These :actors to Hypothetical Examples1./ 

These examples are intended to assist federal prosecutors in 

their exercise of discretion in evaluating environmental cases. 

The situations facing prosecutors, of course, present a wide 

variety of fact patterns. Therefore, in a given case, some of 

the criteria may be satisfied while others may not. Moreover, 

satisfaction of various criteria may be a matter of degree. 

Consequently, the effec~ of a given mix of factors also is a 

~atter of degree. In the ideal situation, if a company fully 

~eets all of the criteria, the result may be a decision not to 

prosecute that company criminally. Even if satisfaction of the 

criteria is not complete, still the company may benefit in terms 

of degree of enforcement response by the government. The 

followinq hypothetical examples are intended to illustrate the 

operation of these guidelines. 

Example 1: 

This is the ideal case in terms of criteria satisfaction and 

consequent prosecution leniency. 

ll -While this policy applies to both individuals and 
organizational violators, these examples focus particularly upon 
situations involvinq organizations. 
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, -· Company A regularly conducts a comprehensive audit of 

its compliance with environmental requirements. 

2. The audit uncovers information about employees' 

disposing of hazardous wastes by dumping them in an 

unpermitted location. 

3. An internal company investigation confirms the audit 

information. (Depending upon the nature of the audit, this 

follow-up investigation may be unnecessary.) 

4. Prior to the violations the company had a sound 

compliance program, which included clear policies, employee 

training, and a hotline for suspected violations. 

S. As soon as the company confirms the violations, it 

discloses all pertinent information to the appropriate 

government agency; it undertakes compliance planning with 

that agency; and it carries out satisfactory remediation 

measures. 

6. The company also undertakes to correct any false 

information previously submitted to the government in 

relation to the violations. 

7. Internally the company disciplines the employees 

actually involved in the violations, including any 

supervisor who was lax in preventing or detecting the 

activity. Also, the company reviews its compliance progr, 

to determine how the violations slipped by and corrects t 

weaknesses found by that review. 
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8. The company discloses to the government the names of 

the employees actually responsible for the violations, and 

it cooperates with the government by providing documentation 

necessary to the investigation of those persons. 

Under these circumstances Company A would stand a good 

chance of being favorably considered for prosecutorial leniency, 

to the extent of not being criminally prosecuted at all. The 

degree of any leniency, however, may turn upon other relevant 

fac~ors not specifically dealt with in these guidelines.ii 

Example 2: 

At the opposite end of the scale is Company Z, which meets 

few of the criteria. The likelihood of prosecutorial leniency, 

therefore, is remote. Company Z's circumstances may include any 

of the following: 

l. Because an employee has threatened to report a 

violation to federal authorities, the company is afraid that 

investigators may begin looking at it. An audit is 

undertaken, but it focuses only upon the particular 

violation, ignoring the possibility that the violation may 

be indicative of widespread activities in the organization. 

2. After completing the audit, Company z reports the 

violations discovered to the government. 

ii For example, if the company had a long history of 
noncompliance, the compliance audit was done only under pressure 
from regulators, and a timely audit would have ended the 
violations much sooner, those circumstances would be considered. 
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3. The company had a compliance program, but it was 

effec~ively no more than a collection of paper. No effort 

is made to disseminate its content, impress upon employees 

its significance, train employees in its application, or 

oversee its implementation. 

4. Even after "discovery" of the violation the company 

makes no effort to strengthen its compliance procedures. 

5. The company makes no effort to come to terms with 

regulators regarding its violations. It resists any 

remedial work and refuses to pay any monetary sanctions~ 

6. Because of the non-compliance, information submitted to 

regulators over the years has been materially inaccurate, 

painting a substantially false picture of the company's truE 

compliance situation. The company fails to take any steps 

to correct that inaccuracy. 

7. The company does not cooperate with prosecutors in 

identifying those employees (including managers) who 

actually were involved in the violation, and it resists 

disclosure of any documents relating either to the 

violations or to the responsible employees. 

In these circumstances leniency is unlikely. The only 

positive action is the so-called audit, but that was so narrow 

focused as to be of questionable value, and it was undertaken 

only to head off a possible criminal investigation. Otherwis~ 

the company demonstrated no good faith either in terms of 
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compliance efforts or in assisting the government in obtaining a 

full understanding of the violation and discovering its· sources. 

Nonetheless, these factors do not assure a criminal 

prosecution of Company z. As with Company A, above, other 

circumstances may be present ~hich affect the balance struck by 

prosecutors. For example, the effect of the violation (because 

of substance, duration, or amount) may be such that prosecutors 

~ould not consider it to be an appropriate criminal case. 

Administrative or civil proceedings may be considered a more 

appropriate response. 

Other examples: 

Between these extremes there is a range of possibilities. 

The presence, absence, or degree of any criterion may affect the 

prosecution's exercise of discretion. Below are some examples of 

such effects: 

1. In a situation otherwise similar to that of Company A, 

above, company B performs an audit that is very limited in 

scope and probably reflects no more than an effort to avoid 

prosecution. Despite that background, company B is 

cooperative in terms of both bringing itself into compliance 

and providing infor::iation regarding the crime and its 

perpetrators. The result could be any of a number of 

outcomes, including prosecution of a lesser charge or a 

decision to prosecute the individuals rather than the 

company. 
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2. Again the situation is similar to Company A's, but 

Company c refuses to reveal any information regarding the 

individual violators. The likelihood of the government's 

prosecuting the company are substantially increased. 

3. In another situation similar to company A's, company o 

chooses to "sit on" the audit and take corrective action 

without telling the government. The government learns of 

the situation months or years after the fact. 

A complicating fact here is that environmental 

regulatory programs are self policing: they include a 

substantial number of reporting requirements. If reports 

which in fact presented false information are allowed to 

stand uncorrected, the reliability of this system is 

undermined. They also may lead to adverse and unfair 

impacts upon other members of the requlated community. Fe 

example, Company D failed to report discharges of x 

contaminant into a municipal sewer system, discharges tha 

were terminated as a result of an audit. The sewer 

authority, though, knowing only that there have been 

excessive loadings of X, but not knowing that Company o 

a source, tightens limitations upon all known sources o: 

Thus, all of those sources incur additional treatment 

expenses, but Company O is unaffected. Had company o 

revealed its audit results, the other companies would 

have suffered unnecessary expenses. 
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In some situations, ~oreover, failure to report is a 

crime. ~, ~., 33 u.s.c. § l32l(b) (5) and 42 u.s.c. § 

9603(b). To illustrate the effect of this factor, consider 

Company E, which conducts a thorough audit and finds that 

hazardous wastes have been disposed of by dumping them on 

the ground. The company cleans up the area and tightens up 

its compliance program, but does not reveal the situation to 

regulators. Assuming that a reportable quantity of a 

hazardous substance was released, the company was under a 

legal obligation under 42 u.s.c. § 9603(b) to report that 

release as soon as it had knowledge of it, thereby allowing 

regulators the opportunity to assure proper clean up. 

Company E's knowing failure to report the release upon 

learning of it is itself a felony. 

In the cases of both Company O and company E, 

consideration would be given by prosecutors for remedial 

efforts; hence prosecution of fewer or lesser charges might 

result. However, because Company D's silence adversely 

affected others who are entitled to fair regulatory 

treatment and because company E deprived those legally 

responsible for evaluating cleanup needs of the ability to 

carry out their functions, the likelihood of their totally 

escaping criminal prosecution is significantly reduced. 

4. company F's situation is similar to that of company B. 

However, with regard to the various violations shown by the 

audit, it concentrates upon correcting only the easier, less 
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expensive, less significant among them. Its lackadaisical 

approach to correction does not make it a strong candidate 

for leniency. 

5. Company G is similar to Company D in that it performs an 

audit and finds violations, but does not bring them to the 

government's attention. Those violations do not involve 

failures to comply with reporting requirements. The company 

undertakes a program of gradually correcting its violations. 

When the government learns of the situation, Company G still 

has not remedied its most significant violations, but claims 

that it certainly planned to get to them. Company G could 

receive some consideration for its efforts, but its failure 

to disclose and the slowness of its remedial work probably 

mean that it cannot expect a substantial degree of lenienc~ 

6. Comprehensive audits are considered positive efforts 

toward good faith compliance. However, such audits are nc 

indispensable to enforcement leniency. Company H's 

situation is essentially identical to that of Company A, 

except for the fact that it does not undertake a 

comprehensive audit. It does not have a formal audit 

program, but, as a part of its efforts to ensure compli2 

does realize that it is committing an environmental 

violation. It thereafter takes steps otherwise identic 

those of Company A in terms or compliance efforts and 

cooperation. Company H is also a likely candidate for 

leniency, including possibly no criminal prosecution. 
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In sum, mitigating efforts made by the regulated community 

Nill be recognized and evaluated. The greater the showing of 

good faith, the more likely it will be met with leniency. 

Conversely, the less good faith shown, the less likely that 

prosecutorial discretion will tend toward leniency. 

IV. ~ature of this Guidance 

This guidance explains the current general practice of the 

uepartment in making criminal prosecutive and other decisions 

after giving consideration to the criteria described above, as 

Nell as any other criteria that are relevant to the exercise·of 

criminal prosecutorial discretion in a particular case. This 

discussion is an expression of, and in no way departs from, the 

long tradition of exercising prosecutorial discretion. The 

decision to prosecute "generally rests entirely in [the 

prosecutor's] discretion." Bordenkircher v. Hayes, 434 U.S. 357, 

J64 (1978) • .21 This discretion is especially firmly held by the 

criminal prosecutor.§/ The criteria set forth above are intended 

only as internal guidance to Department of Justice attorneys. 

They are not intended to, do not, and may not be relied upon to 

create a right or benefit, substantive or procedural, enforceable 

51 
.::!./ Although some statutes have occasionally been held to require 
civil enforcement actions, see, ~., Dunlop v. Sachowski, 421 
U.S. 560 (1975}, those are unusual cases, and the general rule is 
that both civil and criminal enforcement is at the enforcement 
agency's discretion where not prescribed by law. Heckler v. 
Chaney, 470 u.s. 821, 830-35 (1985); cutler v. Hayes, 818 F.2d 
879, 893 (O.C. Cir. 1987) (decisions not to enforce are not 
reviewable unless the statute provides an "inflexible mandate") . 

21 ~Iewman v. United states, J82 F.2d 479, 480 (O.c. cir. 1967). 
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at law by a party to litigation with the United States, nor do 

they in any way limit the lawful litigative prerogatives, 

including civil enforcement actions, of the Department of Justice 

or the Environmental Protection Agency. They are provided to 

guide the effective use of limited enforcement resources, and do 

not derive from, find their basis in, nor constitute any legal 

requirement, whether constitutional, statutory, or otherwise, to 

forego or modify any enforcement action or the use of any 

evidentiary material. See Principles of Federal Prosecution 

{U.S. Dept. of Justice, 1980) p. 4; United States Attorneys'· 

~anual (U.S. Dept. of Justice, 1986) l-l.000. 



SUMMARY OF AFFIDAVIT OF LOKESH CHATURVEDI, Ph.D. 

Dr. Chaturvedi is a geologist and civil engineer who is Deputy 

Director of the New Mexico Environmental Evaluation Group ("EEG"), 

which provides independent technical evaluation of the WIPP project 

to the· State of New Mexico. Dr. Chaturvedi has worked for EEG 

since 1982. He has published over fifty research papers, is 

familiar with the numerous published EEG reports dealing witli 

scientific and technical aspects of the WIPP and has visited the 

WIPP site d.n about 50 oGcasions including about 40 underground 

inspections. (!! 2-6). 

Dr. Chaturvedi discusses the background and proposed use of 

the WIPP and the EPA standards which ultimately will be used to 

decide whether the WIPP is suitable for the safe and permanent 

disposal of transuranic radioactive waste. (!! 8-14). He 

concludes that: 

• The EPA standards ·for demonstrat1ng the suitability of the 

WIPP do not require underground testing with radioactive waste. 

(! 14). 

• DOE is unable at the present time to perform any of its 

proposed tests at the WIPP site except.for the Dry Bin Scale Tests. 

(! 15) • 

• The Bin Scale Tests (both Dry~~nd Wet) clearly do not need 

to be co~ducted in.the facility and could be done elsewhere, in 

which event the experiments would be safer and the test data would 

be more reliable and available sooner than if the tests are 

performed at the WIPP. (!! 15 and 17); 



• There are serious problems in performing the Dry Bin Scale 

Tests at the WIPP including upheaving salt floors which are 

unsuitable for holding bins, collapsing roofs in the underground 

excavations and the expected generation of flammable gasses within 

the bins. {! 15 (a) -(d)) • 

•· Although DOE has acknowledged that the Dry Bin Scale Tests 

do not have to be performed at the WIPP site, the decision by DOE 

not to do this appears more logistical {work force available at 

WIPP) and symbolic (emphasis on bringing radioactive waste to WIPP) 

than scienttfic (need to experiment in the mine, even though there 

may be delays in obtaining data and the quality of data may not be 

reliable) • {! 17). 

• EEG has various public health·and safety concerns relating 

to Public Land Order 6826 (January 28, 1991), including the absence 

of any numerical limit on the amount of radioactive waste brought 

by DOE to the WIPP and ·the absence of a requirement for disposal 

of the waste after the experiments. (! 16). 
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SUMMARY OF AFFIDAVIT OF MARION DEMING. R.N. 

Marion Deming is a Registered Nurse and a member of Local 

1199, National Union of Hospital and Health Care Employees, AFL

CIO, currently serving as the National Union Heal th and Safety 

Coordinator for the approximately 30,000 union members across the 

country. At the invitation of the New Mexico affiliate union, Ms. 

Deming travelled to New Mexico during September 1991 and personally 

conducted a survey of the hospitals located along the designated 

New Mexico routes for transportation of radioactive waste to the 

WIPP. Ms. ~ming concludes (!·3) that none of the hospitals along 

the WIPP route are currently ready to respond . to potential 

emergencies related.to waste transport to the WIPP. None of the 

hospitals have WIPP-specific emergency response plans in place. 

Hospital facilities lack separate entrances for contaminated 

patients. They lack decontamination facilities for both patients 

and employees, separate facilities to dispose of contaminated waste 

water, and separate ventilation systems. In addition, none of the 

employees in hospitals along the WIPP route have received hands

on training that focuses specifically on the hazards associated 

with WIPP emergencies. The employees in the hospitals were unaware 

of the availability of radiation detectors used to measurE 

plutonium contamination, with the exception of one hospital, whos 

detector was broken. Only one h~spi tal had the medicatio 

necessary·to combat plutonium contamination. 

·. 



SUMMARY OF THE AFFIDAVIT OF JUDITH M. ESPINOSA 

Judith Espinosa is the Cabinet Secretary of the New Mexico 

Environment Department (NMED). Secretary Espinosa has statutory 

authority to enforce the New Mexico Hazardous Waste Act (HWA) which 

is the.analog to the federal Resource Conservation and Recovery Act 

(RCRA). Since 1985 New Mexico has had federal authorization to 

administer and enforce a hazardous waste management program. 

Secretary Espinosa testifies that the DOE submitted a mixed 

waste Part ~ permit application for WIPP on or about January 18, 

1991 and that DOE submitted a mixed waste Part B pe~it application 

for WIPP on or about February 28, 1991. By letter dated July 1, 

1991, NMED preliminarily concluded that DOE did not make a timely 

HWA mixed waste permit application for the WIPP. NMED further 

preliminarily concluded that the WIPP may not qualify for interim 

status under the HWA. 

·. 



SUMMARY OF AFFIDAVIT OF GABRIEL FERNANDEZ-DELGADO 

Dr. Fernandez is a civil and geotechnical engineer and a 

Research Engineer at the University of Illinois in Urbana and has 

taught.there as Visiting Assistant Professor of Civil Engineering. 

Dr. Fernandez concludes that the waste emplaced for tests 

cannot be expected to be retrievable after 18 months and may be 

nonretrievable within about a year. Specifically: 

1. T~ere can be no assurance that Room 1, Panel 1, the test 

room, will remain stable for more than 18 months from 

this date. (! 9). 

2. SPDV Room 1, where a major roof fall occurred in February 

1991, was barred to access after slightly more than six 

years, and Room 1, Panel 1 is slightly over five years 

old and if it follows th~ pattern of SPDV Room 1 would 

be closed to access within about a year. (! 9). 

3. The OOE's proposed roof support system is defective in 

the following respects: 

a. The bol.t length which is anchored in resin is too 

short. (! 17). 

b. The system is too limited in ability t'o deform to 

adjust load distribut1pn; thus, bolts may become 

overloaded. (! 18). 

c. The system fails to deal with the shear forces which 

will b~ar upon the roof bolts at the point of rock 



fracture and where the bolt connects to a support 

channel. (!! 19-20). 

d. The system.must bear the weight of buckling forces, 

which exceed the design load. (! 15). 

e. Essential equipment clearance may be lost due to 

breakup of the roof beam. (! 21). 

f. Failure can occur or accelerate at an unpredictable 

rate. The system may result in sudden 

accelerations. (1 22). 
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SUMMARY OF AFFIDAVIT OF DON HANCOCK 

Mr. Hancock is the Administrator of the Southwest Research and 

Information Center ("SRIC") in Albuquerque, New Mexico and Director 

of SRIC's Nuclear waste Safety Project. Since 1976, he has 

participated in all public proceedings involving the evaluation 

under NEPA of the potential environmental impacts of the WIPP. 

Mr. Hancock concludes: 

1. Based ·on internal documents which he obtained from the 

agencies (attached as exhibits), DOI requested DOE to analyze the 

alternative of delaying underground experimentation with radio

active waste at the WIPP site pending legislative withdrawal of the 

land by Congress. DOI stated that DOI preferred a iegislative 

withdrawal and wanted to be assured that the environmental impacts 

of an administrative withdrawal would be "considerably less" than 

those of a legislative transfer of land. (! 8). 

2. The Final Supplement to Environmental Impact Statement 

("FSEIS") and the DOI and DOE Records of Decision do not consider 

or analyze the altern~tive or awaiting Congressional withdrawal 

before proceeding with underground testing with radioactive waste. 

(! 9) • 

3. Comments submitted by the SRIC and other parties, 

including the comment that legislative withdrawal should ·be 

analyzed, were addressed insufficiently or not at all in the FSEIS. 

(! 10). 



4. He is familiar with the WIPP legislation currently being 

considered by Congress. Based on the bills and amendments the 

environmental impacts of legislative land withdrawal might be 

significantly different from the environmental effects of 

administrative withdrawal, particularly with respect to 

determination of compliance with disposal standards and the terms 

and conditions of on-site experimentation with radioactive waste. 

(! 11) • 
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SUMMARY OF AFFIDAVIT OF LINDA L. LEHMAN 

Ms. Lehman is a geologist and hydrogeologist who specializes 

in nuclear waste disposal issues and performance assessments of 

nuclear waste disposal facilities. 

Ms. Lehman concludes that the DOE will not be prejudiced by 

an inability to conduct tests with radioactive waste at the WIPP. 

Specifically: 

1. There is no necessity for the dry bin scale tests to be 

c9nducted underground at the WIPP. The tests could be 

conducted on the surface at a laboratory facility at or 

near the present storage location, probably with less 

risk and inconvenience. (!! 18-23). 

2. The remaining elements of the DOE test plan - the wet 

bin-scale tests, bin-scale solubility tests, and alcove 

tests - ai:e not now prepared to be conducted. Moreover, 

all the bin-scale tests can be conducted at an off-site· 

laboratory facility. (!! 24-27). 

3. The information to be obtained from the dry bin-scale 

tests is· of unknown i~p~rtance and appears to be of 

marginal importance. (!! 28-49). 



SUMMARY OF THE AFFIDAVIT OF JOHN p. LESHY 

Professor Leshy teaches law at Arizona State University and 

is former Associate Solicitor at the DOI from 1977 to 1980. He has 

taught, written and consulted extensively about the FLPMA and has 

specialized knowledge of the FLPMA with respect to the WIPP based 

on his· experience at the DOI. 

Professor Leshy concludes that a legislative withdrawal would 

be required in order to permanently store nuclear waste at the WIPP 

site. (paragraph 23} 

As Associate Solicitor at the DOI, Leshy wrote a memorandum 

to the BI.M stating, "We have suggested informally to DOE's counsel 

that DOE seek specific legislation which would reserve the 

necessary core areas (surface and subsurface) for the project. DOE 

appears to favor such an approach ••• " {paragraph 15, Exhibit C) 
. 

Congress passed the FLPMA in part to prevent the executive 

from making land withdrawals in an uncontrolled and haphazard 

mann~r and on the basis of the Public Land Law Review Commission's 

recommendation that withdrawals of a permanent or indefinite term 

should be accomplished only by an act of Congress. (paragraphs 18 

and 19) 

The reporting required in the FLPMA is mandatory for land 

withdrawals (paragraph 20). An extension of an existing 

~dministrative withdrawal must also~ be reported to Congress. 

Moreover FLPMA .mandates that an administrative withdrawal shall not 

be extended ·for a purpose which is different from the purpose of 

·.the original withdrawal. An extension of a withdrawal cannot be for 

a period longer than the original ~ithdrawal period. (paragraph 22) 



SUMMARY OF AFFIDAVIT OF JACK PARKER 

Mr. Parker is a geologist and mining engineer, specializing 

in rock mechanics. He is an independent consultant who was 

selected by the DOE in 1991 as a member of the DOE's expert panel 

reviewing the.room stability problems encountered at the WIPP. 

Mr. Parker concludes that the waste emplaced for tests will 

become non-retrievable within less than a year. Specifically: 

1. Room 1, Panel 1, the test room where the waste will be 

p~aced, exhibits fractures similar to those which gave 

rise to the roof collapse in SPDV Room 1 in February 

1991. (!31) . 

2. Failure of the test room is highly probable. (!31). 

3. If the test room follows the pattern of SPDV Room 1, it 

can be expected to be closed to access by October 1992. 

(!31) • 

4. The DOE' s proposed roof support system, relying upon rock 

bolts, is exposed to shearing and breaking of the bolts. 

There is insufficient bolt clearance to accommodate shear 

movement. (11 37-42). 

5. The equipment clearance necessary to retrieve the waste 

will be lost within less than a year. (!! 44-45, 47). 

6. The DOE' s roof· support system will probably impair 

warning of a roof failure by masking the acceleration of 

.closure which provides a warning·signal. (! 47). 



SUMMARY OF AFFIDAVIT OF CHRISTOPHER J. WENTZ 

Christopher J. Wentz is employed by the New Mexico Department 

of Energy, Minerals and Natural Resources ( "EMNRD") . He is 

Coordinator of EMNRD's Radioactive Waste Task Force which provides 

technical and policy analysis concerning the WIPP and is 

responsible for coordinating emergency response preparedness. 

Mr. Wentz has calculated that the State of New Mexico would 

lose at least $50 million in mineral revenues as a result of 

administrative withdrawal of public lands for the WIPP (which 

calculation is based only on oil and gas resources and does not 

include foregone revenues from any of the other known mineral 

resources at the WIPP site) • C!! 3-10). He states that on October 

3, 1991, DOE notified the State of New Mexico that the first 

ship~ent of radioactive waste would arrive at the WIPP "as early 

as October 10, 1991." He subsequently has been informed that the 

truck will depart from the Idaho National Engineering Laboratory 

in Idaho Falls, tdahc at 10:00 a.m. MST (Noon EST) on October 10, 

1991. (! 11} • Upon commencement of the first shipment of 

radioactive waste, the State and its local governments will have 

to mobilize a substantial amount of personnel and resources,. 

ranging from mechanical and radiological inspections ~o emergency 

medical services to State and local law enforcement. (!! 12-13). 



SUMMARY OF AFFIDAVIT OF MARCUS A. WILEY 

Mr. Wiley is a registered professional engineer with nineteen 

years of mining industry experience. He is president of a mining 

consulting firm and has been responsible for the development and 

maintenance of dozens of project schedules for mining and related 

construction activities. 

Mr. Wiley reviewed DOE planning documents concerning Test 

Phase activities. He employed project management computer analysis 

and concludes that ten years, and in any event no less than nine 

and one-half years, would be required to complete the Test Phase 

activities. This period is significantly beyond the term of the 

administrative land withdrawal. 



SUMMARY OF AFFIDAVIT OF LOKESH CHATQRYEDI. Ph.D. 

Dr. Chaturvedi is a geologist and civil engineer who is 

Deputy Director of the New Mexico Environmental Evaluation Group 

("EEG"), which provides independent technical evaluation of the 

WIPP project to the State of New Mexico. Dr. Chaturvedi has 

worked for EEG since 1982. He has published over fifty research 

papers, is familiar with the numerous published EEG reports 

dealing with scientific and technical aspects of the WIPP and has 

visited the WIPP site on about so occasions including about 40 

underground inspections. (!! 2-6). 

Dr. Chaturvedi discusses the background and proposed use of 

the WIPP and the EPA standards which ultimately will be used to 

decide whether the WIPP is suitable for the safe and permanent 

disposal of transuranic radioactive waste. (!! 8-14). He 

concludes that: 

• The EPA standards for demonstrating the suitability of 

the WIPP do not require underground testing with radioactive 

waste. (! 14). 

• DOE is unable at the present time to perform any of its 

proposed tests at the WIPP site except for the Dry Bin Scale 

Tests. (! 15). 

• The Bin Scale Tests (both Dry and Wet) clearly do not 

need to be conducted in the facility and could be done elsewhere, 

in which event the experiments would be safer and the test data 

would be more reliable and available sooner than if the tests are 

performed at the WIPP. (!! 15 and 17). 
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• There are serious problems in performing the Dry Bin 

Scale Tests at the WIPP including upheaving salt floors which are 

unsuitable for holding bins, collapsing roofs in the underground 

' excavations and the expected generation of flammable gasses 

within the bins. (! 15(a)-(d)). 

• Although DOE has acknowledged that the Dry Bin Scale 

Tests do not have to be performed at the WIPP site, the decision 

by DOE not to do this appears more logistical (work force 

available at WIPP) and symbolic (emphasis on bringing radioactive 

waste to WIPP) than scientific (need to experiment in the mine, 

even though there may be delays in obtaining data and the quality 

of data may not be reliable). (! 17). 

• EEG has various public health and safety concerns 

relating to Public Land Order 6826 (January 28, 1991), including 

the absence of any numerical limit on the amount of radioactive 

waste brought by DOE to the WIPP and the absence of a requirement 

for disposal of the waste after the experiments. (! 16). 



STATE OF NEW MEXICO ) 
) ss. 

COUNTY OF BERNALILLO ) 

AFFIDAVIT OF LQKESH CHATURYEDI. Ph.D. 

I, Lokesh Chaturvedi, Ph.D., do hereby depose upon my oath 

and state as follows: 

1. My name is Lokesh Chaturvedi and I reside in the City 

of Albuquerque, County of Bernalillo, state of New Mexico. 

2. I am employed as the Deputy Director of the 

Environmental Evaluation Group ("EEG") and have been so employed 

since March 1988. From June 1982 to March 1988 I was employed 

by EEG as Senior Engineering Geologist. 

3. As detailed in my resume, a copy of which is attached 

hereto as Exhibit A-1, I received a Ph.D. in Geological Sciences 

from Cornell University in 1969, a M.S. in Civil Engineering 

from Purdue University in 1965, a M.Sc. in Applied Geology from 

University of Roorkee in Roorkee, India in 1963 and a B.Sc.in 

Geology, Physics and Mathematics from Maharaj a' s College in 

Jaipur, India in 1960. I have taught courses in Introductory 

Geology, Physical Geology, Geology for Engineers, Introduction 

to Geological Engineering, Site Investigation, Engineering 

Geology, Subsurface Exploration, Environmental Geology, 

Hydrogeology, Soil Mechanics, Rock Mechanics, Geomorphology and 

Geological Oceanography at both undergraduate and graduate 

levels. Since 1968, I have authored or coauthored 56 published 

research papers on the subjects of Radioactive Waste Disposal, 



Remote Sensing, Geothermal Hydrology and Mechanical Properties 

of Rocks. I have performed several funded research projects in 

site evaluation for radioactive waste disposal, geothermal 

hydrology and multispectral remote sensing and I have performed 

several professional consulting projects in the areas of 

hydrogeology, subsurface exploration, engineering materials and 

nuclear waste disposal site investigation. 

4. The State of New Mexico established EEG in 1978 to 

provide independent technical evaluation of the Waste Isolation 

Pilot Plant ("WIPP") located near Carlsbad, New Mexico. The 

United States Congress provides 100% federal funding for EEG 

through appropriations to the U.S. Department of Energy ("DOE"). 

EEG has offices in both Albuquerque and Carlsbad. In addition 

to multi-disciplinary technical evaluation of the project, EEG 

performs independent environmental monitoring of air, water and 

soil, both on-site at WIPP and in surrounding communities. 

5. Since 1978, EEG has published 49 EEG Reports and many 

other papers dealing with scientific and technical aspects of 

WIPP. I have read and am generally familiar with the contents 

of all of these published EEG Reports, a list of which is 

attached hereto as Exhibit A-2. 

6. I personally have visited the WIPP site on about 50 

occasions including about 40 underground inspections. 

7. The Attorney General of the State of New Mexico has 

requested that I provide this affidavit in order to reflect my 
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assessment of various scientific and technical aspects of the 

WIPP Project. 

8. The WIPP Project was authorized by Public Law 96-164 

(December 29, 1979) "for the express purpose of providing a 

research and development facility to demonstrate the safe 

disposal of radioactive wastes resulting from the defense 

activity and programs of the United States exempted from 

regulation by the Nuclear Regulatory Commission." DOE manages 

WIPP, and Sandia National Laboratory provides scientific and 

technical services. 

The WIPP facility is intended for permanent disposal of 

over 6 million cubic feet of transuranic waste, containing about 

lS million curies of radioactivity. Transuranic ("TRU") wastes 

consist of radioactive elements heavier than uranium which 

remain radioactive for thousands of years. TRU includes 

radioactive isotopes of plutonium, thorium, americium, uranium, 

neptunium, curium, californium, cobalt, strontium, ruthenium, 

antimony, tin cesium, cerium, and europium. About 97% by volume 

of the waste planned for WIPP consists of contact-handled 

("CH-TRU") radioactive waste packed in ordinary SS-gallon steel . 
drums. Ultimately, about 8SO, ooo drums of CH-TRU waste are 

expected to be emplaced in the WIPP repository. The drums of 

CH-TRU waste also contain various kinds of hazardous waste 

which, for all but approximately a dozen drums, has not yet been 

characterized as required for experimental purposes. The 
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remaining waste--only 3% by volume but approximately 30% by 

curie content.:..-is highly radioactive remote-handled ("RH-TRU") 

waste, about 7,500 containers of which will be shipped in casks 

not yet designed. 

Because of the need to permanently isolate radioactive 

wastes from the environment, the WIPP facility must be carefully 

designed and tested to ensure that the probability of escape of 

radionuclides to the biosphere (the Earth's air, water and soil) 

does not exceed the limits mandated in regulations which are to 

be promulgated by the u. s. Environmental Protection Agency 

("EPA"). 

9. The WIPP repository is located in southeastern New 

Mexico about 25 miles east of Carlsbad, New Mexico. The WIPP 

site is located on 10,240 acres, constituting a 4 mile by 4 mile 

piece of land. When completed, WIPP will consist of 56 

underground "rooms" excavated in an ancient salt bed 2,150 feet 

beneath the surface. Salt deforms plastically under pressure 

and is expected to close around the waste after emplacement. 

Each room will be 300 feet long, 33 feet wide and 13 feet high. 

To date, seven of the planned 56 waste rooms have been 

completed. CH-TRU waste is planned to be stored in 55-gallon 

drums stack three high in the rooms and drifts. RH-TRU waste is 

expected to be placed in containers 10 feet long and 2 feet in 

diameter in horizontal holes about three feet in diameter 

drilled into the walls of the various rooms. 
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10. The geohydrology of the WIPP site is an important 

parameter that needs to be understood for reliable predictions 

of future behavior of the repository. The WIPP site is located 

in the lower part of a 2,000 foot thick salt formation known as 

the Salado Formation, which dates to the Permian Age (225 

million years ago). overlying the Salado Formation is the 

Rustler Formation, consisting of anhydrite and siltstone with 

two water-bearing dolomite members. Underlying the Salado 

Formation is the Castile Formation. Thirteen boreholes have 

encountered pressurized brine in the upper Castile Formation in 

the northern Delaware Basin, where the WIPP site is located. 

11. Groundwater provides a potential pathway for 

radionuclide migration to the biosphere. Because of this, WIPP 

site assessment to date has focused largely on the Rustler 

Formation's water-bearing members and the Castile Formation's 

pressurized brine reservoirs. Two previous WIPP sites in the 

area are abandoned by DOE after exploratory boreholes (ERDA-6, 

drilled in 1975, and WIPP-12 in 1981) encountered pressurized 

brine beneath or adjacent to each proposed site. The present 

WIPP site is located about 1.25 miles to the south of the WIPP-

12 borehole. 

12. In addition to the water present in the Rustler 

Formation's water-bearing members and the Castile Formation's 

brine reservoirs, the amount of brine expected to seep directly 

from the Salado Formation into the excavations is another 
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important parameter that needs to be understood. The Salado 

salt may be saturated with brine, and the brine inflow from the 

salt, albeit at very low permeability, may contribute an unknown 

quantity of brine to the repository once the ventilation of the 

facility ceases to remove moisture. DOE is conducting a series 

of tests to assess the permeability of the salt beds surrounding 

the WIPP facility and to measure the amount of brine inflow. 

None of these ongoing tests requires the emplacement of 

radioactive waste in the repository. 

13. The rapid closure of excavations in salt is another 

important parameter. The WIPP facility was designed for a 25 

year operation because of the predicted difficulties in keeping 

it operationally safe much beyond that period. Geomechanical 

measurements in the WIPP excavations show that the closure rate 

due to the creep of salt is three to four times faster than 

initially predicted. Because of closure and the presence of 

layers of clay and anhydrite in the salt, some parts of the 

facility excavated in 1983 have collapsed or are already unsafe 

and closed to entry. On June 19, 1990, a slab of rock weighing 

an estimated 100 tons fell from the ceiling in heated Room A-

2. On February 4, 1991, the roof of Site and Preliminary Design 

Validation ("SPDV") Room l, excavated in 1983, failed; a slab of 

rock weighing an estimated 1,200 tons separated from the roof 

and crashed onto the floor. Entry to SPDV Room 1 is now 

forbidden. SPDV Room 1 is similar in dimensions and in geology 
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to the rooms where DOE proposes to conduct its experiments with 

radioactive waste. If the roof of a test room fails and 

collapses while test waste is present, the possible consequences 

to the workers and the waste bins could be severe. DOE is 

therefore designing an elaborate system to prevent roof failure 

and to provide warning of an impending failure. 

14. The design and long-term safety of the WIPP 

repository, and the ultimate decision whether to use WIPP for 

permanent disposal of TRU waste, will be judged through an 

assessment of WIPP's compliance with standards to be promulgated 

by EPA ("EPA Standards, II codified in 40 CFR 191). The EPA 

Standards require a probabilistic assessment of potential 

scenarios for release of radionuclides from the repository to 

the biosphere (groundwater, air or soil) for 10,000 years. The 

EPA Standards also set limits of probabilities and magnitudes of 

such releases. 

The EPA Standards contain two subparts. Subpart A limits 

the radiation exposure of members of the public from the 

management and storage of radioactive waste and also applies to 

facilities designed for temporary storage of the waste. Subpart 

B was developed to assure long-term integrity of a geologic 

repository for nuclear waste. Standards contained in Subpart B 

apply to the proposed Nevada repository for high-level waste and 

to the WIPP. Since waste containers are expected to be 

received, handled, examined and transported underground prior to 
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permanent emplacement, Subpart A provisions apply to WIPP during 

waste handling operations. Compliance with Subpart B is 

required prior to a decision to leave the waste underground for 

permanent disposal. 

Subpart B of the EPA Standards was vacated by the First 

Circuit Court of Appeals in 1987 and was remanded to EPA for 

revision and repromulgation. As of this date, EPA has not 

promulgated revised Subpart B Standards. Sandia National 

Laboratory on behalf of DOE expects to complete its assessment 

of compliance with the old, vacated Subpart B Standards in 1994. 

If the revised and repromulgated Subpart B Standards modify 

substantially the vacated Subpart B Standards, DOE's 

demonstration of compliance may require additional years. 

Neither Subpart A nor Subpart B of the EPA Standards nor 

the latest draft of the revised Subpart B EPA Standards requires 

experimentation with actual radioactive or other waste in a 

repository. 

15. As of this date, DOE has announced plans to ship a 

maximum of 105 bins of CH-TRU waste to the WIPP site to be used 

in the Dry Bin Scale Tests. Each bin will contain the contents 

of between 4 and 6 drums of CH-TRU waste. In my opinion, it is 

not necessary for DOE to experiment in the WIPP repository with 

actual waste, and in fact DOE has acknowledged that Bin scale 

Tests do not have to be performed at the WIPP site. 

DOE' s plans for experimentation with waste at WIPP 
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have changed substantially during the past four years. In 1987, 

before any plans for waste experiments were available, DOE 

stated that it needed to ship 125,000 drums of waste (15% of the 

total volume capacity of WIPP) to WIPP for research and 

development purposes. In 1988, a draft of the first report 

outlining DOE's plans for experiments with TRU wastes at WIPP 

was issued. The report proposed filling four of the WIPP rooms 

with CH-TRU waste to monitor gas generation. The specific 

quantity of waste was not identified, but at approximately 6,000 

drums per room, it would have been about 24,000 drums (2.8% of 

the total volume). In 1990, DOE published a new plan proposing 

to perform Laboratory Scale Tests, Bin Scale Tests and Alcove 

Scale Tests relating to the production, depletion and 

composition of gases from TRU waste. DOE proposed to commence 

these tests "in parallel." 

With respect to the Laboratory Scale Tests, DOE 

intends to conduct the tests in laboratories away from the WIPP 

site. 

With respect to the Alcove Scale Tests, DOE is unable 

to perform the tests at the present time. DOE engineers have 

attempted to test inflatable seals for the alcoves, but these 

have not been successful. Without an effective seal, gas would 

leak out of the alcoves, making accurate measurement of gas 

generation impossible and the data unreliable. DOE now plans to 

design and test a rigid concrete seal to contain the gases. DOE 
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expects to perform its "initial" gas barrier acceptance tests in 

May 1993. Because of the nature of the WIPP geologic strata 

where fractures rapidly develop all around the excavations in 

roofs, floors and walls within a year or two after excavation, 

it may not be possible to maintain the alcove seals for the 

duration of the Test Phase, even if a seal appears effective 

immediately after its emplacement. 

With respect to the Bin Scale Tests, DOE determined in 

1990 that the proposed Wet Bin Scale Tests, which involve 

sampling of liquids from the bins, could not be performed at 

WIPP, because the WIPP repository lacks the necessary 

containment to handle safely liquid plutonium contaminated 

samples. DOE is now prepared to perform only the Dry Bin Scale 

Tests, using a maximum of 105 bins or 630 drum-equivalent. (A 

"bin" is a rectangular steel box which holds 4 to 6 drums of CH

TRU waste.) The current DOE plan is to emplace the bins in rows 

along the walls of Rooms 1 and 2 of Panel 1, with two bins 

stacked in each row. Gas measurements from the bins would 

continue for five years. However, there remain several serious 

problems in performing the Dry Bin Scale Tests at the WIPP site. 

(a) The upheaving salt floor in a mined room is not 

a suitable location for placing double-stacked bins, each 

weighing up to 2 tons. Even without any loading, the floor 

periodically needs to be dug up with heavy equipment and 

"reconstituted" with compressed crushed salt. There is no 
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published analysis of loading on this floor. It appears that at 

a minimum, the bins would have to be removed periodically to 

reconstitute the floor which will upset the test environment and 

possibly affect adversely the collection of data. 

(b) Because the roofs of the SPDV rooms, which were 

excavated in 1983, became unstable within six years, the Panel 

1 rooms where Bin Scale Tests are planned were rock-bolted with 

10-foot mechanical rockbolts. Because of the mechanism of 

failure, however, the 10-foot rockbolts in Panel 1 rooms are not 

expected to extend significantly the life of Panel 1 rooms. 

Room 1 of Panel 1 was exc~vated in May to August 1986 and is 

five years old. The other rooms in Panel 1 were excavated 

between 1986 and 1988. 

(c) EPA has placed various conditions upon DOE's 

underground experiments with waste, including the requirement 

that DOE demonstrate that the concentrations of flammable gases 

are less than 50% of the lower explosive limit ("LEL") in air. 

Periodic purging of the bins, to comply with this condition, is 

expected to affect adversely the reliability of the test data. 

(d) The Dry Bin Scale Tests are going to be conducted 

in closed, pressurized vessels, thus, the underground atmosphere 

of the WIPP is not a factor in the experiment. Thus, as DOE has 

acknowledged, the Dry Bin Scale Tests do not have to be 

performed at WIPP. 

16. EEG has several concerns relating to protection of the 
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public heal th and safety under the terms of the Public Land 

Order 6826 (issued on January 28, 1991): 

(a) The Public Land Order does not establish a 

numerical limit on the amount of TRU waste DOE may bring to WIPP 

prior to demonstrating compliance with the EPA Standards 

governing safe disposal of radioactive materials. · The Public 

Land Order requires DOE not to ••• "exceed the amount that can 

feasibly be removed should the site not be selected as a 

permanent repository." While the DOE identified a need of 0.5% 

by volume (4500 drums) of the CH-TRU waste for experiments, the 

most recent version of the DOE WIPP decision plan (August 9, 

1991) has deleted the solubility tests and the alcove tests. At 

this time DOE has concrete plans to experiment with a maximum of 

105 bins (630 drums), that is 0.08% of the total volume or a 

total of 17.5 truckloads. 

(b) The Public Land Order does not preclude the 

introduction of RH-TRU waste. 

(c) The Public Land Order does not close the surface 

to mineral leasing. 

(d) The Public Land Order deletes the prohibition on 

"burial of radioactive materials" found in the 1983 Public Land 

Order 6403. Hence, it appears that "burial" is no longer 

precluded. 

(e) The Public Land Order is unclear whether 

operational demonstration with waste is allowed. 

12 



(f) The PUblic Land Order does not require any plans 

as to the disposition of the waste after the Test Plan. 

(g) The PUblic Land Order does not require that 

experimentation with actual waste be of value in performance 

assessment. 

17. The WIPP facility has been designed and constructed as 

a full-scale repository for permanent disposal of up to 850,000 

drums of CH-TRU waste and 7, 500 containers of RH-TRU waste. DOE 

plans, however, to use the WIPP facility for experimentation 

with TRU wastes over the course of five years or longer. With 

at least two years required for emplacement of waste and two 

years for retrieval, the total time necessary to conduct the Dry 

Bin Scale Tests is at least nine years after the initial 

emplacement. 

The WIPP repository is not an ideal place for performing 

experiments with radioactive waste. Operational problems are 

repeatedly being encountered, and the solutions to these 

problems are expected to become more difficult with the aging of 

the facility. In contrast, the Bin Scale Tests planned by DOE 

to be conducted in the WIPP facility clearly do not need to be 

conducted in the facility and could be done elsewhere, in which 

event the test data would be available sooner than if the tests 

are performed at WIPP. The decision by DOE not to do this 

appears more logistical (work force available at WIPP) and 

symbolic (emphasis on bringing radioactive waste to WIPP) than 
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scientific {need to experiment in the mine, even though there 

may be delays in obtaining data and the quality of data may not 

be reliable). 

In my opinion, it would be safer and faster to further 

define gas generation rates {the purpose of the Bin Scale Tests) 

by experimenting with waste in locations other than WIPP. In 

addition, DOE should accelerate its schedule for conducting the 

other tests that do not require the use of radioactive waste, 

the results of which are necessary to assess compliance with the 

EPA Standards. DOE' s primary goal should be to complete the 

calculations necessary to assess WIPP's compliance with the EPA 

Standards, to create the basis for an informed decision about 

whether to use the site as a permanent repository for the 

Nation's TRU waste. No underground experiments with waste are 

needed to accomplish that goal. 

~ 
LOKESH CHATURVEDI, Ph.D. 

Dated: 

SUBSCRIBED AND SWORN•TO before me by Lokesh Chaturvedi, 
"'JA ,,,._ 

Ph.D., on this o<.J.1 day 

My Commission Expires: 

Of~ , 1991. 

~~ 
NOTARY PUBLIC 
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(505) 828-1003 office 
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Pilot Plant (WIPP) - the first planned deep geological repository for 
radioactive waste in the US - as part of an interdisciplinary team of 
scientists and engineers. 
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Associate Professor in Geological Engineering, Departments of Earth Science 
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Research Assistant, Multispectral Remote Sensing Research Project, Department 
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Teaching Assistant, Department of Engineering Geology, Purdue University, 
Lafayette, IN, September 1963 - December 1965. 
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October 15-19, 1990. 
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SUMMARY OF AFFIQAVIT OF GABRIEL FERNANDEZ-DELGADO 

Dr. Fernandez is a civil and geotechnical engineer and a 

Research Engineer at the University of Illinois in Urbana and has 

taught there as Visiting Assistant Professor of Civil 

Engineering. 

Dr. Fernandez concludes that the waste emplaced for tests 

cannot be expected to be retrievable after 18 months and may be 

nonretrievable within about a year. Specifically: 

1. There can be no assurance that Room 1, Panel 1, the 

test room, will remain stable for more than 18 months 

from this date. (! 9). 

2. SPDV Room 1, where a major roof fall occurred in 

February 1991, was barred to access af~er slightly more 

than six years, and Room 1, Panel 1 is slightly over 

five years old and if it follows the pattern of SPDV 

Room 1 would be closed to access within about a year. 

Ci 9 > • 

3. The DOE's proposed roof support system is defective in 

the following respects: 

a. The bolt length which is anchored in resin is too 

short. ( ! 17) • 

b. The system is too limited in ability to deform to 

adjust load distribution; thus, bolts may become 

overloaded. (! 18). 

c. The system fails to deal with the shear forces 

which will bear upon the roof bolts at the point 

of rock fracture and where the bolt connects to a 

support channel. (!! 19-20) • 
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d. The system must bear the weight of buckling 

forces, which exceed the design load. (! 15). 

e. Essential equipment clearance may be lost due to 

breakup of the roof beam. (! 21). 

f. Failure can occur or accelerate at an 

unpredictable rate. The system may result in 

sudden accelerations. (! 22). 



Affidavit of Gabriel Fernan4ea-Delqa4o 

Gabriel Fernandez-Delgado, depos~s and says: 

1. I am a civil and qeotechnic~l engineer and currently 

hold the position of Research Engineer at the university of 

Illinois in Urbana, Illinois. In that position I engage in 

teaching, research, and. con5ultinq. Ky resllll1e is attached as 

Exhibit A. 

2. I was educated in Colombia through my underqraduate 

years. I qraduated in 1970 fro~ th• Universidad de los Andes as 

a Civil Engineer. I received my M.S. degree from the university 

of Illinois in Soil and Rocle Mechanics in 1972. I received my 

Ph.D. from the university of Illinois in Geotechnical 

Engineering in 1976. 

3. In 1971 though 1976 I worked as Research Asaistant in 

the Department of Civil Engineering at Urbana. In 1976 throuc;h 

1984 I taught at Urbana as a visiting Assistant Professor of 

Civil Engineering. Since 1984 I have concentrated primarily in 

research as a Research Engineer at the University. 

4. In my practice X have considerable experience in the 

rock mechanics of underground evaporite deposits: 

a. I was associated with Dr. A. J. Henderon, Jr. in 

projects at Bayou Chocta~, West Hackberry, and Bryan 

Mound, Louisiana, which concerned the development of 

general criteria for the acceptance of existing and 

proposed salt cavities as oil storage vessels. The 



caverns were located at depths ranging from 1500 to 

3800 ft. 

b. In Windsor, Canada, I evaluated the structural 

stability of· an underqround storaqa cavern dissolved 

out o! salt materials. The cavern ia located 1300 ft 

deep in a aalt layer overlaid by a sequence of 

sandstone, dolomite and shale layers. 

c. In PUgwash, Nova Scotia, I evaluated the propos~d 

expansion of the present salt mining works loe«ted at 

two levels 600 and BOO tt below the qround aurfaoe. 

The project involved structural stability analysis and 

apecif io recommendations (room and pil.lar sizes, 

monitorinq program, excavation sequence) regarding 

excavation of an intermediate mine level connecting 

the present Jllininq levels. 

d. Xn Fort Saskatchewan, Canada, I acted as 

consultant with regard to a deep salt storage site for 

Northwestern Utilities Limited in the evaluation, 

dasign and develoPlllent of a storage cavern system in 

600-ft-deep salt deposits in the Fort Saskatchewan 

area. The project involves implementation of field 

testing to 

properties 

datermine 

of salt 

most relevant engineerin~ 

in-situ: developt1ent and 

redistributions around the cavern as well as 

corresponding short and long-term (creep) of the rock 

mass surrounding the openings. 
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e. I have also examined the solution mining potential 

of salt formations at the Carqill Salt Mine in 

Hutchinson, Kansas and other salt mines in the same 

vicinity. 

5. I have been retained as a consultant to the State of 

New Mexioo in connection with certain room stability problems 

encountered at the Waste Isolation Pilot Plant ("WIPP"). 

6. I examined certain. geoteobnical data reflaot:.inq the 

origins of the room stability problem. 'l'hese include: 

a. Geotechnical Field Data and Analysis, DOE 

WIPP 91-012 (June 1990) 

b. Interim Geotechnical Field Data Report, DOE 

WIPP 86-012 (Fall 1986) (extracts) 

c. oesiqn Validation Final Report, DOE WIPP 86-

010 (1986) (extracts) 

d. Borns, D.J., and J.C. Stormont, An Interim 

Report on Excavation Etf ects Studies at the 

Waate Isolation Pilot Plant: Delineation of 

the Disturbed Rock Zone, SAND 87-1375 (1988) 

e. Stormont, J.C., Discontinuous Behavior Near 

Excavations in a Bedded Salt Formation, SANO 

89-2403 (1989) 

f. Desiqn Criteria Waste Isolation Pilot Plant, 

Revised Mission Concept -IIA, WIPP OOE-71, 

Rev. 4 (extracts) 
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9. Cook, R.F., Position Paper: Life Expectancy of 

Room 1, Panel 1, Draft (1991) 

h. Brunwa.ld, H.P., and H. c. Howarth, Compression 

Tests of Roof-Salt Slabs Supported by Potash Salt 

Pillars, RI-3386, u.s. Bureau of Mines (1938) 

i. Brookman, T.R., Panel 1 Roof Bolting, Design 

Calculations, EWP-51-0-0433 

7. X alao reviewed the Report of the Geotachnica.l Panel 

on the Etteotive Lite of Rooms in Panel 1, DOE/Wl'.PP 91-023 (June 

1991), and the report entitled Waste Isolation Pilot Plant, 

Supplementary Root Support Sy•tem, Underg-round Storaqe Area, 

Room l, Panel 1 (August 1991). The first report (the June 1991 

report) contains the initial assessments of members of an expert 

panel which was convened to exallline the room stability probleius 

that the DOE has encountered at the WIPP. The second report 

(the August 1991 report) contains the proposed roof support 

system which is to be installed in an effort to prolonq the life 

of one of the underground rooms. It is my understanding that 

the DOE plans to conduct tests with radioactive vaste in that 

room. 

8. I also visited the WIPP site on September 27, 1991, 

in the company of attorneys from the Off ice of the Attorney 

General of New Mexico. There was an extensive underground tour. 

In addition, I consulted during the tour with Mr. Tom 

Schultheiss of Sandia National Laboratories, Mr. Harry Bibby, 

who is in charge o~ mining operations, and Mr. Jim Mewhinney, in 
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charqe of environmental co111pliance. l also spoke at length with 

Mr. Hamish Miller, who consulted in connection with the design 

of the proposed roof support syste•. 

9. I have not yet oompleted my analysis of the problem 

and the proposed solution. However, at present it seems clear 

that the proposed support system is not likely to extend the 

useful lite of the test room, Room 1 of Panel 1, much beyond the 

projected lite without auch support. I would oonaur with the 

consensus of the expert panel report that there can be no 

assurance that RooJll 1, Panel 1 will relnain stable for more than 

two years ~rOJll the date o~ their report, or eighteen months tram 

this date. I would add that predicting the date when an 

underqround room will fail is axtreJllely difficult. For that 

reason it is very possible that the roof of Room 1, Panel 1 may 

either fail, or give such warning of failure that access to the 

room must be barred, well before the eighteen month point. I 

note that the data on SPDV Room l, which experienced a major 

roof failure on February 4, 1991, show that access to that room 

was suspended when that room was slightly over six years old. 

(August 1991 report, at Fiq. 5.1). Room l of Panel l is now 

slightly over five years old. 'l'hus, if it follows the pattern 

of SPDV Room 1, the room would be closed to access within about 

one year. 

10. My examination of the WIPP facility provided data about 

the oriqins of the stability problem as well as the deficiencies 

of the proposed solution. 
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11. I observed the maqnitude of the 1991 roof fall in SPDV 

Room l, where a segment of the roof wei9hin9 an estimated 1400 

tons separated from the root and fell. SPDV Room l is now 

closed to any access, and I was not permitted to enter the room. 

12. I also observed the roof fractures in Room 1, Panel 1 

the room Where test waste will be p1aced -- and ooncluded 

that they to11ow the sama pattern a• the fractures which led to 

the fall of the root in SPDV Room 1. 

13. In SPDV Room 4 I noted in observation holes in the 

floor and the roof that underlyinq and overlyinq strata have 

moved between three and six inches relative to the openinq in 

approximately two years. These are substantial shear movements 

which are part of the cause ot tba failure of the underqround 

rooms. 

14. The proposed support system relies upon 13 foot Dywida9 

rock bolts anchored with resin qrout above the anhydrite "b" 

clay layer. These bolts are designed to protrude 18" from the 

root to aocol!lln.odate horizontal and vertical deflection, i.e., 

the lowering of the roof rock. The rock bolts are anchored in 

and placed in three inch diameter clearance holes running to the 

anhydrite "b" layer. The bolts ere fed throuqb a 1-1/2" hole in 

a steel. channel 1511 wide by 3-1/2" deep. The channel is 27' 

long, comprised ot three nine foot sections joined by 

fishplates. Eleven bolts secure each channel set, and the sets 

are placed at eight to ten foot intervals. There is an 

additional lacing system comprised of 5/8" wire rope fastened 
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with diagonal eight foot resin grouted Dywidag rock bolts. The 

lacing is placed laterally and longitudinally on three foot 

centers. In addition, there is 3/4u x l" expanded steel mesh 

and 4" x 4" mesh formed of welded 1/4" steel wire. 

15. In my discussions with Hamish Miller and his staff, I 

learned that the proposed support structure is not expected to 

stop separation of the strata from occurring. Rather, it is 

expected to support the fractured root beam once it comes looae. 

'l'he system, howover, is only designed to absorb the 

gravitational load, not any additional stresses. Mr. Miller 

stated to me that he recognized th.at the downward force ot the 

roof beam coUld exceed the torce of 9ravity. This is because 

there is a tend.ency to buckle due to the roof beam being sUbjeot 

to horizontal stresses. 

16. In my opinion the proposed support system suffers from 

several deficiencies which could render it ineffective to resist 

the forces which give rise to a roof fall. 

17. The bolt lenqth which is anchored in resin--a three 

foot seq.ment--seems too short. The load, with time, will travel 

up the bolt. Shear forces will develop and weaken the bond in 

the lower parts of the bolt and move upwards. (creep of salt 

material in anchor zone). In addition, the bolt will be 

subjected to potential lateral deflection, which diminishes its 

load carrying capacity. The desiqnera have only tested the 

rapid load capacity of the bolt -- i.e., testing to failure at 
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about 47 thousand pounds. This ~ay not reflect the long-term 

steady-state capacity of the bolt system. 

18. To equalize the bolt load one must pay the price of 

deformation of the structure. That is, if you slacken a nut, 

the roof comes down lower in the given area. The ability to 

deform appears to be limited by the rigidity af the channel 

structure. Therefore, there may be no choice but to overload a 

qiven bolt. 

19. Most important for the support system to deal with is 

the shear force on the bolt. 'l'he system does not deal with this 

force. I:n pra.otica, the seven toot roof beam will first 

compress inward after the excavation, as lateral stress bears on 

the intact member. This causes thQ e.nds to shear inward toward 

the center. Thereattar, fractures will continue to develop and 

miqrate toward the weak anhydrite - olay seam lyinq seven feat 

above the roof, which seam cannot transmit sotress and so 

concentrates it. We saw such fractures along the edqes of the 

roof; how deep they go is not known. It appears to ~e also 

that the three inch diameter clear~nce hole is inadequate to 

deal with the expected horizontal movement. This will lead to 

excessive bolt stress and potential bending. These shear 

stresses mean that the bolt at the point of shear -- at or below 

the anhydrite layer -- is bent and loses load carryinq capacity. 

20. Another potential location for stress concentration is 

the connection between the bolt and the channel, because the 
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stiffness of the channel may not be able to accommodate the non

u~iformity of the load that initially develops on the bolt. 

21. The saqging of the roof will cause breakage of the 

salt, which in turn may resUlt in substantial loads on the 

lacing system. There is considerable stretch in this system, 

but it will have to bear a considerable load. The lacing may 

bulqe so low between the horizontal members that the necessary 

clearance is lost. unifori:i ~ehavior is not to be relied upon. 

22. The design review panel advised that the operator set 

up 90-no-qo oriteria in advance for abandonment of the room. At 

present, there are no such criteria. The operator will simply 

monitor through various means and continuously reevaluate the 

pe.rtormancs. I have a fundamental disaqreement with this 

approach. Failure can occur or accelerate at an unpredictable 

rate. Our predictive ability may be off by several months. The 

system may result in sudden accelerations. The various rooms 

are not identical, since the strata, although they seem to be 

fairly uniform, are not identical. Therefore, .criteria in terms 

of closure acceleration or the like should be set down in 

advance as guidelines for retreat. 

23. The monitoring system is elaborate but not unifonnly 

effective. Load cells on each bolt and pressure cells may not 

provide all the required information to assess the structural 

performance ot the bolt (e.q., bending stresses at the anhydrite 

level). stresses are not simply in tension. 

9 



I 

.j_ .... 

'· 

24• It would be much more p:::udent to •oal• off the dGAd 

WRiqht ot t.ne root 'beam up to the anhydrite "b" lay•r, make an 

arch, and bolt the new roo!. Thi• weu• Clono at two shatt 

stat~ons {woste shatt and salt handling shaft), and thay •~•~ow 

reasonably •~aoie. 'J.'he sy::sLt.1lu adopted by tho oo:iz containtJ •nu"ny 

uncertainties tha.t cannot be pre<11cted And that suay lee1d to 

failure at a rat• that i• unpredictable. Proven 8yste~• have 

been !9noi.66d. 

I declare under penalty of perjury under the laws ot thg 

United Statea of Aln•ric~ th~t the tor~9oin9 is true and correQt. 

EK•dUt•d on:_ tJ~-J.o~ 7 

10 

- 0 ·-



H 
< 



PZRSOJIAL DATA AJm PRO~l88I0•1L RECORD 

Name: 

Acldreaa; 

Marital StAtUA: 

Dat.e ot Birth: 

IPVCATION 

oJ.vL1 1'n~in••~ 
1970 

CABRIEL FERNANDEZ-DELGADO 

2230 Civil Eng.ln8erin9 Buildinq 
Univ•r•ity of Illinoi• 
Urbana, Illinois 61801 

Married 

NovcJllbcr 13 1 1949 

Uu.l .. 01.olllcall ~ I.ND IU11lc• 
Boc]ota, Colombia 
~oui:n Amar.tea 

M. s. -soil and Rock Mttciuan.lc» 
1972 

un1vers1~Y or Ill1no1s 
Urb~n~, Illinois 61001 

Ph.D.-Geotechnical En9ineerin9 
1976 

UniverHil.y of Illinoia 
Urbana, Illinoic 61801 

QARDI 

U.S. National committee for Rock Mechanics case histories award 
tor a siqnifSc~nt, ortqinal contribution, 1987. 

ADACEJ(lC IXPIBIEBCI 

A/71-1976 

Research En9inoor, Onivercity of Illinoie at 
Urbana-Champaign. 

- Organizer and speaker at a Oniveraity of Illi
nois short courae on the use or Sho~crete for 
Und•rcJroun4 support. Course sponsored by Urban 
Ma&• TrAncportation Administration. 

Vicitin9 Acoictant rrofeesor of Civil En9ineer
in;, Univeraity of Tllinois at Urbana-champai9n. 

Research Assistant in tho Department of Civil 
Enq1neer1nq at ~ne university of Tllinois. 
~rincipal research involved; 
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C>.BRtEL FERN~DEZ-DELCADO 
Paqe 2/Proteas1onal kecord 

a) 

b) 

c) 

development of deaiqn criteria for thin 
shotcrete 11n1nqs and mix aes1qn consider• 
ation• of conventional ahotcrete. 
a f1ald-or1ented 1nvastt9~t1on of conv•ntion
al and experimental &butcret.e to tunnels. 
Th• field pr04Jra• va• carried out in tho 
wasn1nqton Metro system, oupont station. 
larqe-acale testing of innovative tunnel 
support syateas vith aonolithic concrete 
r1nqe made with •teel f1l:>er concrete and 
hor•••hoe ahaped ateel ••t• fabricated from 
hollow and concret.A•filled tubular box ••e
tions. 

Teachinq Assistant in the Department of Civil 
Enqineerin9. CE 280 (Section 8) Introduction to 
Soil Mechanic• and Foundation En9inaerin9. CE 
384 Applied soil Mecnan1cs and c~ 4g1 (Section 
CD) Deep Foundation•. 

8111ABQK AOTIV!Till 

- Member oC a National Aca'1~my u! En9lneerin9 
team aent to investigate the 9aotechnical aspectc 
ot the mudslides qenerated aurinq tne 1985 exp10-
aion of th• Ruiz volcano in Colombia, South 
America. 

- Conaultant for SHRI (Salt Hinin9 neeeQrch 
Institute) in different ~tudieR to evaluate 
cause• and failure mechanisms resultin9 in lal"9e 
sinkhole formation. 'l'hcca ctudico include invaa
t1qat1on ot 1n-s1tu subqraae conditions, evalua
tion of the atructural stability of underground 
•~terials and monitorin~ ot th• behavior of th••o 
aaterial•. Criteria ha• been developed to pre
diot recponcc of tho c~adc materii:il• and to 
provide desiqn quidelines for davalopmant of 
larcJe undercJround, deep, salt caverns in ditter
ent 9eol09ical ••t-up•. 

- Consultant for Tudor Engineering Company for 
planninq and cond~ctinq a study ot in-situ struc
tural support capal:>111ties or different shotcrete 
typ•• - Underground ReaeQrch Chamber -Atlanta. 
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GASRIRL FERNANOEZ•DELGA.DO 
Paqe 3/Protessional Record 

QOHBPLTIIQ g1p11tgns1 

l;sapple1 of HYDBQR9!1Jl PP.OllCTI 

TARDEI.A DAM -- Po.ld•to.n. A••oc:io.to of Dr. A. J. Hendron Jr. in the 
•tability analy•i• of th• ••rvic• spillway of Tarbela Da11l as 
well as ~h• lett &lope ot the plunqe pool. Evaluation ot 
th• rock elope stability for propoeed chan9ca at outlet 
tunnAlA 3 and '· Tt tncludad davalopment of diff•r•nt 
approachu11 for • more realistic evaluation ot hydro4ynamic 
tore•• a9ain•~ rock •lop••· 

VAIONT U\NDSl:IIDE -- Italy. Aaaociate Of Dr. A. J. Hendron Jr. for 
. review and evaluation of th• failure mechanisma involv•d in 

the vaion~ lan4s11de. 

CHA'J'tJG~ ANn NOTTELY DAMS -- Nnrt:h carnlinA ~nd Gaor9ia. Dyna•tc 
tJt.abilJ.ty analyais. Chatuge Dam .111 lucated in KorU1 
Carolina on the Hivasse• River and is a hoaogeneous dam vith 
a maximum hei9ht equal to 144 ft ana 2840 rt lonq. Nottely 
Dam, located in Georgia on the Nottely River, ia a rocktill 
dam with a l•rcJ• central core. Th• dam ha• a maximum hei9ht 
ot iso rt and 1• 1940 rt lonq. 

SUAREZ RIVER HYDROELEC'l'RICAL DEVELOPMENT •• Cons:ul tant tor contocol 
cconsultor1a tecn1ca colomq1ana) 1n the pre•teasib111ty and 
feaaibility •tudi•• of tho hydro-•loctrical development of 
the Suarez Riv•r. Colollbia, South Allarica. 

JC:PONG HYDRO PROJECT -- Republic: of Ghana. A•cociata of Dr. Hendron 
1n the evaluation ot the static and dynamic stab1l1ty ot a 
three mile lon9 dike in tbe Volta River. 

EL CAJON DAM -- Honduras. .tVa1uat1on or the structural stab1l1ty 
of the underground Powerhouse chAmber, o.pproximately 
30x40xl7Sm, and located in eavernouc limecton• mat•rials. 

AMBROSIA LAKE FACILITY -- Nev Mexico. conaultant tor Woodward ' 
Clyda Enginaara tn tha avaluat1on of aftacttvanaaa of a 
cutott wall to •itigate seepage tluWti ancl t.be inrluence or 
th• wall in the over.all stability of the exis:tin9 failin9 
dams. 

GUAVIO DAM -- Coloml:>ia. Conaultant to the Empraaa de Energia de 
Boqota 4ur1nq construction ot a ~iu tt hiqn rocxr111 dam, 
vith 15 kilometer• of power c::onduits and 2200 ft deep 
undAr9round poverhouae. 
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CASRIEL FERNANDEZ-DELGADO 
Pa9• 4/Profe£·atonal Record 

RIOCRANDE II PROJiCT •• ColoJllbia. Member of the Board ot Concul
tants tor a combined energy and water supply scheme tor Lbw 
City of Medellin (Colombia). rrojeot involves an c::thtill 
dam, 27 kilometer• of povar conduit• and a 2200 ft deep 
underqround poverbou••· 

JIGUEY AND 7'GtJACAfl! DAMS -- Dominican RepUbl1C~ Member Of the 
Board o! consultant• tor two concrete arch-gravity dame (~40 
ft high and 100 ft hi9h) on the N1sao River Basin. Project 
aJ.so involves l:> kilometers or tunnels, two under9round 
powerhouse&; and two c:otterda_, approxia.:..tely 35 actcrc 
high built with roller compacted concret~ (RCC). 

PORCE ~I -- Colombia. Membe~ of the Board of Coneultanta tor a 130 
meter high roller-compacted concrete (RCC) dam on the Poree 
river. Th• proj~ct include• a 6 :kilometers long power 
tunnel and a aurtace power house. 

bMP1•• ot llLOlB otp:rLITX 

CLlNCH Xl Vt;X tsKt:t=U~ JU:At:l'UK PLANT -- Tennessee. Associate ot Dr. 
Hendron on reviov of alop• at4bility Anlllyoio carried out in 
vertical rock cut• up to 120 ft deep. De•iqn of the 
required support and review of the ruck bolt, bl11atin9 and 
inetrument4tion apcoifioationc. 

BUS TERMINAL •• PORT AUTHORITY -- Nev Yor:k and Nev Jeraey. 
Associate of Dr. Hendron on wed9• •tability analysis for a 
verc1cal rocx cut, 60 tt deep, with bu1ld1nq loads 10 tt 
away trom the edge. 

CLlMAX MlN~ -- climax, coloraao. Associate or Dr. Hendron in the 
stabilization of a 1500 ft ta.11, 500 ft wide olopc in 
reaidual aoila. 

RUCX-A-CHOCKY BRIOCE -- American River, California. Hanson Enqi
nooro, Cprinqfiold, %11inoic. Ctabiiity anaiy•i• of rock 
alopea aecurin9 hiqhly loQded Anchor c~blca oupportinq the 
brid9e. 

LA PAZ - COTAPATA HICHWAY.-- Bolivia. Evaluation ot slope sta• 
bilSty problams alon9 axiatinq road aliqnment east or La 
Paz. Special eJ11pha.,i1t was made in analyzing and developin9 
reaedial measures for two. road soctionc where ••••ive 
lanaa11aea developed in rock and co11uv1a1 ma~•r1al•, 
reapectivoly. 
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GABRIEL FEJUfANDEZ-DELCJAOO 
Pa90 5/Prote•aional Record 

lxypl11 ot TVJQOILI 

QUINCY SEW!R TlJlfN?:L -- Quincy, Illinoi•. Aaoooiate of Dr. Hendron 
for evaluation ot 9round and hydrAulic loatt• on a 1.s2 tt ~y 
4 . 62 ft horseshoe-shaped tunnel, 4 o tt deep, cir i ven in 
limestone. Asaeeaaent of the required. support and evaluft
tion or the raintorcemant needed. 

ESLLI!tP TUNNEL PROJECT - SABROOU CDJERATING PLANT PROPERTY -
Rockford, IL. Associate ot Dr. Hendron on 'J•Uteehnical 
report on CJeology and aoil condition:., ground b9havior, 
cntioipat64 tunnel condition•, devatarinq and support 
requirements. The report also included. the results and 
analysis of a field pwnpin9 teat aa vell as cost aatimate 
and bidding procedure•. Specifications tor excavation, 
support, anel perrormo.nce cu.ring uunu"-£u'-'"-l1.1u vea.·• •l•o 
written. Monitoring of perfnl'"Wlance and construction 
actually Deinq carried out. Tunn~l i• 9 ft in diaaeter, 
2000 ft lon9 and located 40 ft below 9round surface. 

l-4U HIGHWAY TUNN?;L -- Overton Par>t, Memphis, Tenne••••· Aacooiate 
of Dr. n. B. Heuer in the feaci.bility nf constructinq 
hiqhway tunnel throuqh overton Park. 

O'DONNELL MINE -- West Virginia. consultant: tor CONSOL, Consolida
tion Coal Company, P1ttsburqh, on tl1e dt1i.;i9n ot a support 
system tor an inclined, 2000 ft lon9, access tunnel throu9h 
sandstone and shales. The projact included the desiqn ot a 
rocx &>olt•mesn-shotcrete •u.ppo.r\. lininq as well caa develop
ment of ahotcret• apeoitioation•. 

MOUNT ADAMS ANCHORAGZ TUNNEL -- Cincinnati, Ohio. ARMCO, Inc. 
Anclyeis and design of a 9-ft diameter tunnel which vi!l be 
uaad to provide anchoraqe tor a hiqh capacl\.y Li.Wack &yatem 
supporting a cylindrical pile wall. 

MT. BAKER RIDGE TUHHt;ll -- Seattle, Washinqton. Au~lysis ot a GO-ft 
diameter hi9hvay tunnel in CJlaoial till; multiple drift 
per1~etAr ~unneis t1i1ea v1tn concre~e. 

AURORA RAMPARTS -- Colortdo. Analysis and das19n of a lO-tt 
damatar ou~1•~ in sandstone·materiala. SLu~y ot internal 
hydraulic pressure effect• on b~rc portion• ot the tunnal. 

GUADALUP~ lV -- Medall1n, Coloml1la, south America. Consultant for 
tho contractor in the analysis and design ot linar rein
forcement in a 6 Km-lonq water pressure tunnel. Tb• 15-tt 
diameter tunnel wae excavated in QuQrzite and Hornblondc and 
had intern~l precauras ran9inq from 140 psi to JOO psi. 
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GABRIEL FERNANOEZ-DBLGADO 
Pa9e 6/Proteaaional Racord 

CHINCAZA PROJ'IC'l' -- Bogota, Colombia, South harica. consultant. or 
the Empre•a de Acueducto de Bogo\.a, in the evaluation of 
remedial meaaur•• to be iaploaented in the failed section• 
of the Palaeio-Riobh1nco tunnel •tretch. This tunnel 
excavated in &h•l•• and sandstone• had an overa9c internal 
pr•aeure of 100 pci. 

BATH PROJECT -- Virqinia. conaultant for H~r•a Acsocia~aa in th• 
evaluation of the effect• ot nearby quarry blast1nq on the 
liner ot dra1naqe tunnels and Bhatt• ot the upper daa of the 
Bath Project. 

PEHEUNC!U; PROJECT -- Chile. Consultant to the consortiwa CBPO
Techint in the evaluation of qround behavior and support 
requir•••ntc for the a 1/2 Jeilometer lonq pressure \.uunel 
(tunnel comun). 

MESITAS PROJECT -- ColoJDJ:>1a, ~outn Merica. Cumsullcant to the 
Empre•a• Cle J::ncrq1a a:l.ec,;r1c• on Uaw dw•l'Ju , .. r ... tlnto:r<0cd 
concrete 1 inars to repair several sections of a 10 kilometer 
long power tunnel excavated in the EGotcr Andee Cordillera. 

BI-COUNTY WATER 'l'UNN~u -- Washington, o.c. Consult11nt to the 
Washington Suburban SAnitary ColDJllission in the dGsiqn ot 
remedial measures to u~rAda the liner ot a b 1/2 miles lonq 
vater•aupply pressure tunnel that ha• shown excea:tivc 
leako9e. 

HONOLULU SERR TUNNEL -- Honolulu Hawaii. Plonnin9 And Implemen
~-~ioft ~~ ~i•l~ •vzsloratory proaram for A fiOOO ft lonq, 10 
ft diameter sewer expansion tunnel in downtown Honolulu. 
EvAlUGtion of tiold exploratory program and prep~ration or 
9ttotechnical report ana specitications tor pol.c:mLial 
bidder•· Specirications included excav~tion, dovaterin9, 
tunnel support, qround movement critAria - errect ot 
blaatinq vibrations on near~y structure~. 

SUPB~CONDUCTING SUPERCOLXDI!R Conoul~~n~ ~o ESAS:CO En9inaorin9 
Company, to evaluate tunnel 9round conditiono and tunnel 
requirement• at 3 ditterent ait•• in thA ctata of Nev York, 
~o excava~• a &U a11as lonq tunnel and lar~~ unde~qround 
chambers. 
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UMpl11 of lOJlJIRUIOlfl 

KILIZN POWER STATIOB -- Ohio, AnAly1is of coil exploration data 
for Dayton Power and Liqht co. Job done in association with 
Dr. M. T. Davi•son, 

OVERPASS SYSTEM -- Boqota, Cololllb1a. AREAS, Ltc1. oeaign of 
toundat1ons at four different interaec:tion• in overpa•• 
~Y·~·· ~ .. l'ft9nta. Th• oro11ct involv•d reviAw of the coil 
con41t1on• and proposed deai9n toundatlona; ii: alao inoludod 
wave equAtion analyai• and planning and int•rpret.Ation of 
load testc on 'o cm x 40 cm x 4.2~ m lonq concrete pilea. 

EXXON .RESEARCH L\BS -- Clinton, Nev J•r••Y· V.XXON Corporation. 
Review or sW>surtace con'11t1ona a• w~ll a• foundation 
doasiqn. It inc:luded de:1i9n ot caissons in eound and 
partially veath•r•d rock•: atudy or aubsurtace c1rainaqe 
sys~ema and development o! criteria tor proof testing of 
rock underneoth the drilled piers. 

ALLIED HOSPITAL -- Scran~on, Pennsylvania. Loewe and AsQooiatoc. 
Deai9n of foundation& tor a hospital locat•d above excavated 
coi19l 111inea. It inc1ue1ed sUbsiaence studies ot Uus a1.·•a and 
uv~luation o! the structural atAbility ot the coal mine 
root. 

ffOLSUNG NUCLEAR POWER PIANT -- l(oroa. .l\esociate ot Dr. Hendron in 
the revi•v and analy•1• of load-aer1ection data measured at 
the reactor toundatlon; involved analysia ot extenaometcr 
data. nnd development of a model to predict tound;iit ion 
cettle111anta and potential 1mpl1cat1ona 1n 1:he •truc~urcll 
behavior of the reactor. Foundation aateriQla conoicted of 
daoito and a99loa•rate. 

1x1J1Rl•• ot LABa• P1PEaa1ov1p orz•x•Gs aim MTJ!Es 

PEACHTREE SUBWAY STATION -- Atlanta, Ccor9ia. 
Parsons, Brinckerhoff, ouada and Douqlas. EValuation of the 
structural stability ut the roe~ cavern and propoeed liner 
deai9na. 

Ml!:RCY HOSPITAL -- Scranton, Pennsylvania. Loewe and Accociate•. 
Dcci9" and con•truction of.a 50 ft hi9h and 800 ft lonq 
rataininq vall a~ Mercy ttosp1~al. Pro1ect .ln\;luded design 
and long term monitoring of a permAncnt rock-bolt anchor 
cyct•• to aupport tha wall; it alRn included preparation of 
apec1t1cations tor the support •Y•l~m 4.nd other excavation 
aspect• ( i 1 e. blasting proccduro&, protection of nearby 
structur••, ete.) 
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HARVARD SQUARE EXCAVATION -- Boston. Parsons, 8r1nckerhorr, 
Quade and Dou9la•. Preparation ot geotechnicAl r~port on 
geolOC1)' 1 rook condition• and 9round behavior - anticipated 
excavation c:ondi~ion, qround water and suppu1·L i:equb·ement• 
- protection ot eensitive adjacent etruature• •preparation 
of cpeoification• tor excavation, support, pertol"llllnce and 
monitorinq or the underground openin9. 

BAYOU CHOC'l'AW, Wl:S'l' HACJCBERRY AND BRYAN MOUND -- LOu1eiana. 
Assoc1aee ot Dr. Hendron in tho development of gcnoral 
criteria for the aoooptance of axi•tinq and proposed aalt 
cavitiea ae oil atoraqe vessels. caverns were local•d at 
depth• ranging trom 1~00 to 3800 tt. 

SULPHUR MINES -- I.ou1s1ana. Associate ut D1:. Hendron in oil 
storage feasibility study. 

CALGARY -- Canada. Associate or Dr. Hendron in a feasibility study 
for the development of Gtorage caverns in Calqary. 

WARJU;N PETROLEUM STORAGE CAVERNS -- Windsor / Cenada. EvAluation of 
etructurAl etability of an underground ,,;toraqe cavern 
dis!lolvad out of salt material•. The cavern J.ti located 1300 
tt d~ep in a aalt layer overlaid by a ocquence ot sandstone, 
dolomite and shale layara. 

PUGWASH SALT HINE -- Nova Scotia, Canada. Canadian Roek Salt. 
Evaluation of propORAd expansion ot the present salt minlnq 
wor>ca located at two levels 600 and eoo tt below the qround 
eurtace. The project involved ctructural stability analysis 
and apecifie rac:oJ11J1endations (room and pillar ai&es, 
monitoring pr09ram, excavation eequence) re9ardin9 excava
tion of an inter111ediat• mine level connectinq the present 
1111n1n9 lavela. 

LUCJCY FRIDAY SHAFT .. _ Idaho. :I. S. Re.dpath Corporation. Desiqn Of 
a 700-tt deep, 20-tt diameter con<.;U1te •haft at the Hecla 
Hine, Idaho. Project involved evaluation of in-situ at.re~~ 
condition•, de•19ft of •haft 11n1nq, evaluation ot th• 
interaction between llning and 5urroundin9 rock m4tcrial• 
and predictio~• of linin9 deformations. Thia shaft will be 
the deepest m1n• •hart in the western hemispheres whan 
completed. 

DEEP SAT,T STORAGE • FORT SASM'l't:m:wAN -- Canada. Cun•ultant tor 
Northwe•t•rn Otilitiea LiJDited in the evaluation, de•i9n and 
dovolopment of a storage eav~rn ayatem in 600-tt-deep salt 
deposits in tne Fort saeJtatcbew4n ere11. Project involve• 
implementa~ion of field teatin9 to dotermine JDost relevant 
en9inoerin9 propert1•• ot salt in-situ: development and 
redistribution• aroun4 the cavern a• well ae correspondin9 
short- and lon9-term (croop) of the rock 
ma~~ ~urroundinq the openinqs. 
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•xampl•• or ap1axp1vc1 

CARCILL SINlCMOLE -- Hutchinson, l<AnsaR. Associate or or. Hendron 
on aUbsurface e>eploration to investigate the formation of a 
300 ft diameter, 33 ft deep ainJchole. 

SOWTION MlNING RESEARCH INSTITUTE (SMRil -- KANSAS. Conaultont to 
study ainJchole foraation in carqill Salt Mine, Hutchinson. 
:Kansas. 

SOLUTION KININC RESEARCH I.NS'l'I'l'UTB (SKR.I) -- Kansas. Study of 
tiinkhol• formation 1n Carey salt Mlne, H\itchinaon, lCaneae. 
ORTON SALT -- Ohio. Evaluo.t.ion of preaent brine field• and 

. development of nev field« at the salt plant in Rittman, 
Ohio. 

MORTON SALT -- JCansaR. Evaluation ot structural stability aud 
tuture developme::nt ot dissolution cavern• o.t thoir salt 
plant in Hutohinaon, Kanaaa. 

Examples of J)Y)JAJ(JC BOIL 1¥1> ROCg BBSEONBI 

GREEN COUNT~ ~UCLEAR ~ACTOR -- Nww York. Evalua~!on of q~ound 
motion• at proposed nucJ.ear tac111t1es resulting !L·um 
potential surtoce explosion• at a nearby quarry. 

PROYF.CTO H£RCULES II -- Mexico. EValuation o( yround motion• at 
propoaed coal mine facilitie•, rcculting from blasting at 
nearby open pit mine. 

THORNTON QUARRY -- Chica90, Illinoi•. !:Valuation of the st.abjllty 
of a 300 ft high railroad ridqe throu9h the middle of the 
quarry under th• dynamic: loadin9 produced by nearby blact
in9. 

MONOAWMIN SUBWAY STATION - Baltimore. EVnlu.ation of .blasting 
effeoto on th• stability of th• subway ~xcRvation slopea. 
Analf•i• of blastinq - induced qround motlun" and vibra
tions. Preparation for potential liti9ation. 

LEHIGH BUILDING - xanXakee, Illinoi•. Evaluation of the impact ot 
demolition-induced vibrAtiona and dynamic 9round aotiona on 
the etruetural be.hAvior of •djacent bu1ld1nq. Preparation 
ror l1t1qation. 
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IJ[Qplll or PORT llGIDIUU.U 

PORT DEVELOPMENT PROJECT JM GUAYAQUIL -- Ecuador, south America. 
Review or soil condition• and proposed deaiqn of a vhart 
that included dred9in9, fill, retaining vall and piles. 
Slope Rtability analysis and suqqestions ut alternative 
solutions. 

PORT DEVEU>PMENT l" PUERTO "OlfT -- Chile, South b•rica. Evalua
tion of pile capacity to support nev wharf facilities. 

CERREJON COA~ MINE u::>ADING FACILITIES -- Bahia Portete, Colombia. 
Enqineerin9 consultant to evaluate foundation deRiqn for 
lar90 oil atorage tanks and tor the coal transportation and 
loadinq tAcilltle•. 

ltlBL'.ICl\TIOZ!IS 
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th• En91neerinq 1·ounaa~1on conrerence un sbotcrete tor 
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Concrete InRt1tuta, P\lbl1ca~ion ~~-54, oc~ober, 197e. 

Ferni:andcz-Del9ado, c., :J. W. Mahar, and F.. J. Cordinq (1976): 
SHOTCRETE, LARG~ SCALE ~STING OF THIM LINERS WITH A FIAT 
ARCH GEOME'fRY 1 UIUC FinAl Report for U.S. Department of 
Tran£portaEion, Federal ~81lroad Administration. 
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SHOTCR?;TE LIKE~, Ph.D. Diaaertation, University or Illi
nois, Urbana-champai9n, DepArtment ot Civil Enqineerinq. 

Fernande~·Del9ado, a., E. J. cordin9, J. w. Kah~r, and M. L. van 
Sint Jan (1979): THIN SHOTCl<!TE LININGS lN LOOSENING nocx, 
4th Rapid Excavation and Tunneling Conferonca, AtlantA. 

Fernandez-Delgado, c., E. J. cord1nq, J. w. Mahar, and K. L. Van 
Sint Jan (1981); ATIAN'l'A RESEARCH CHAMBER MONOGRAPH -
APPLIED RESEARCH i'OR TUNNEr..c;, u. s. Department ot Transpor
tation, Report ~o. UMTA•6A-06•0007-81-1, March, 1981. 

Hendron, Jr., Alfred J. and c. Fernandez (198J): DYNAMIC AND 
STATIC DESIGN CONSIDERATIONS FOR UNDERGROUND CHAMBERS, 
Proc:eedin9s, ASCE National ConvAntion, Philadelphia, 
Pennsylvania, pp 157-197. 

Fernandez-Delgado, c., and A. J. Hendron, Jr. (l~H4): INTERP~TA
TION OF A LONG 'l'J:;RM IN•SITU BOREHOLE TEST IN A DEEP SALT 
FORMATION. Bulletin of the Ac:aociation nf Enqineerinq 
Coolo9istc, Vol. XXI, No. 1, 1984, pp 23•38. 

Fernandez-Delqado, G. (1~85): EVALUATION OF DYNAMIC STAU!L1TY OT 
EARTH AND ROCICFII.T. DAMS, Proceed1nqs, Seminar on Earthquake 
~nq1neerinq Rese5rch Institute, Onivoreity of Puerto Rieo, 
MayGCJUeZ, May, 1985. 
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SUMMARY OF AFFIDAVIT OF LINPA L. LEHMAN 

Ms. Lehman is a geologist and hydrogeologist who specializes 

in nuclear waste disposal issues and performance assessments of 

nuclear waste disposal facilities. 

Ms. Lehman concludes that the DOE will not be prejudiced by 

an inability to conduct tests with radioactive waste at the WIPP. 

Specifically: 

1. There is no necessity for the dry bin scale tests to be 

conducted underground at the WIPP. The tests could be 

conducted on the surface at a laboratory facility at or 

near the present storage location, probably with less 

risk and inconvenience. (!! 18-23). 

2. The remaining elements of the DOE test plan - the wet 

bin-scale tests, bin-scale solubility tests, and alcove 

tests - are not now prepared to be conducted. 

Moreover, all the bin-scale tests can be conducted at 

an off-site laboratory facility. (!! 24-27). 

3. The information to be obtained from the dry bin-scale 

tests is of unknown importance and appears to be of 

marginal importance. (!! 28-49). 
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'# APPIDAVIT OF LINDA L. LIUIKAJf 

Linda L. Lel\a3.n, bc1n~ duly 5worn, depo••• and aaya: 

~00% 
~uu;i: 

1. I a~ a principal ot L. Lehma~ ' Aasoci~taa, Inc., a 

counseling fira spec1alizin9 in hydrologic and nuclear waste 

mattera loca.tad in Burnsvill•, Minnesota. 

2. My resume is attached aa •xhibit. A. I 9raduated tro11 

the Florida Atlantic Ul'liveraity in 1974 with a B.s. in GeolOCJY 

and f~a• the University of south Florida in 1978 vith a x.s. in 

Bydroqeoloqy. 

3. I e a llefJistared Geolo'Ji&t in the st.ate of! Indiana: 

a Professignal Hydroqaologist, certif i-1 ~y the Aaerioan 

lnati tut• of Rydroloqy: and a Certitied Cround water 

Prof assional of th• ASsociDtion of G~ound Water Scientists and 

En.9ineers. 

4. l was a Hydraulic: En9i.neer wi'th the Nuclear Regulatory 

commission for tbree years. I have worked •• a consultant in 

both biqh-level and low~level radioactive waste 4iapo•al issues 

for the pa•t nine year•. 

s. Ky low level waate •Xl'•rience includes evaluating the 

low-level and. •ixc waste d.ispo•al facilities at the 001 uranium 

processinq· facility in Fernald, OhioJ as well a• the diaposal 

and remediation of low-level, aixed, transuranic an4 h19h-level 

DOE defense wastes at the Hanford Reservation. In addition, I 

have directed efforts tor State and private client• in the area 

of low-level radioactive waste disposal, 
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'· My workinq 'k.novledqe of nuclear waate rec;ulation• i• 

extensive. I participated in the drattin9 and. development of 

the NRc•a 10 Cl"R 60 requlationa relatinq to hiqh-level 

radioactive dispoaal, and 1.n 'the development of Minnesota' 1 

Radioactive Waste Nan&qement Act (lf.N Statute 116C.71•116C.7•), 

and th• ~ulaa Relating- to Exploratory Drilling for the Disposal 

of Riqh-IAV•l Radioactive Waate (MH Part 4410.7900-4410.7,34). 

7. Aa principal of L. Lahman • Aaaociat:••• Inc., I waa 

Technical Coordinator tor the Yaki•a Indian Nation review at the 

Basalt Waste Isolation Project (BWIP). I waa the t•Chnical lead 

under ooratraet to the Minraesota Gov•mor • s N\lclear Waste Council 

reqa~dinf sitin~ of a nuclear waste repository 1n crystalline 

rock .. 

. 8. I am curren~~y a contractor to tb• State of Mavada'• 

Nuclear Waste Project Office providi119" hydrogeolociic and 

regulatory analyse• to t.h• state• a hiqh-lev•l waste proqra•· 

'rhrcu9h proqrammatic: and technical review of technical and 

procedural document• and attendance at 001/RRC sponso~ed 

meetinqa •nd work11hop• ~ have acquired ~road familiarity with 

radioactive waste problems. 

t. .A• a Hydraulic Enqineer with the u.s. Nuclear 

Requlatory Couission (NRC), I provi4ed technical review ot th• 

u.s. Department of Ene~ (DOE) !Ugh-Level Radioactive Waste 
• 

Disposal Proc;rma at the Nevada T••t Site and the Hanford Site 

with respect to hydrology, particularly 9%'ound water and solute 

transport· •odel 1119. I developed the nc conoep~ual 
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hydroqaoloqi~ aodel at th• Hanford Site in th• Paaco Basin, an4 

applied th• awxrr code to evolu&t• site auitability to~ a high-

level radioactive waste repository. I also oriqinated, 

implement•d, and uanaqed a large private contrac~ for the NRC 

vhich provide~ a comparative analysi• of computer codes used to 

license repositories and their applicability to specific sites. 

10. I have been ret.ainecl by the state of Nev Mexico to 

assist in a.naly1in9 the current at&tus ot the pertonaance 

assessment by th• Department at Enerqy c~oos•) oone•rninq the 

Waste Isolation Pilot: Plant ("WIPP•). 

11. Before tha WlPP 11ay b• employed. for t!iaposal of 

radioactive waste, the DOB must establish its coaplianca with 

certain standards promulqat.ed by the EnviroNDental Protection 

Agency. These are the Standards tor Mana9ement and Disposal of 

Spent Nu.clear Fuel, Ri9h-Lavel and Transuranic Radioactive 

waste. Th• 19&5 version of thes11 requlationa is codified at 40 

CFR 1191. Subpart 8 of these standard& contain• th• criteria 

from long-term dispcaal of radioa.:tive waat.e. The Subpart 8 

standards wera vacat9d by the Court of Appaola for the First 

circuit and are currently under consideration by the EPAJ 

however, no n•w •tandards hAV• ~een propose4. With the oonaent 

of the st.ata of Nev Mexico, th• DOS has in th• meantime 

continued to evaluate oompliance with the 1985 •tandards. 

l2. I ~ave undertaken a review gt the current statWI of 

th• DOE' s ef~ort to d•monstrate compliance vi t.h the !:PA dieposal 

ste1nd.ards a.nd the proposed dry bin-seal• test• and other planned 

3 
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teat• in an att••Pt t;o determine th• contribl.ltion that such 

tests zay make to a. performance asse•sment ot the WIPP• a 

~ompliancQ with the EPA disposal st5ndard•. 

13. Th• !!PA •tandards include th• containment Requiremant I 

which provides as follows: 

"Disposal systeu tor spent nuclear fuel or high-level or 

transuranic radio&etiva wa$tea ahall be deaiqned tc provide 

a re~sonable expectation, 

assessment, that th• cumulative rel•a•e of radionuclide• to 

the acceaaibl• anvironment for 10,000 year• after dispo•al 

tram all aignificant proceaaes and events that nay affect 

the disposal system •hall: 

(l) Have a likelihood ot less than one chance in 10 of 

exceedinCJ the quantities calculated accordin9 to 4l'a.ble 

l (Appendix A)1 and 

(2) Rave a likelihood o~ l••• than one chance in l,ooo ot 

exceedin; ten tim.• 'the quantities oalculated 

aceordi"9 to Ta.bl• 1 (Appendix A). 11 40 c.r.R. 

1191.13(•)). 

Th• •~ction ~cntinu•s, explaining that the performance 

assesssent need not provide "complete assurance• of compliance. 

Rather, "what is required i• a reasonable expectation, on the 

bas ls of the reec:>rd betore th• implementing aqency, that • 
compliance 1'it.h fl91.l3(a) will be achieved." (40 C.F.lt. 

U9l.13 (~)). 

' 
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14. Th• EPA Standards also contain Individual Protection 

Require11Mnts. (40 C.~.~. 1191.15). This aection r•quirea that 

disposal .ayatem• for transuranic waat• "provide a reaaonabl• 

expectation that, for 1,000 years after disposal, undia~urbad 

pertomance of the disposal system •hall not cause the aMual 

dose equivalent from the dispoaal ayatem to any member of the 

public in the accessible environment to exceed 75 millirema to 

tbe whole body or 25 millire'IUI to any critical o~gan.• (Id.) 

15. Coaplianee vi th th• above reqqireme~t• i• to be 

evaluated by a proces• of analysi• imown •• a "performance 

assessment." Th• term is defined. in the IPA Standards: 

,.,,Perfornan~ asaeasment• mean• an analyaia thati (1) 

id.entities the processes and event• that might attec:t the 

disposal aystem; (2) examine• th• effect• of th••• 
proeeasea and events on the performance ot the disposal 

syatem: and (3) estisatea the cwaula't.ive releases ot 

radionuclidea, considerincJ. the associated \UlCertainties, 

caused by all signiticant processes and eventa. These 

estiutea •hall be incoJ:porated into an overall probability 

distribution ct cwnulative r•l•aM to the ext.ant 

practicable." (40 e.F.R. §191.12 (q)). 

16. I have reviewed pertinent aateriala c;oneernin9 the 

performar.ce assas:ment at th• Waste Isolation Pilot Plant 

( "WlPP"), incl.udinCJt the followings 

a. 40,C.F.R. Part 191 

b. ~eet Plan: Alcove CH TRU Testa (SANO 90 8499) 

5 
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c. Teat Plan: Bin CH TRU Testa (SAND 90 8SOO) 

d. Test Plan: P•rtormance Aasesam.ent (DOI WIPP 19-011) 

e. Test Plan Addendua U i Bin scale teat• (SAND 90• 
2082) 

f. Status Report.a Potential f~r IA:>nq•'l'erm I•olation 
(SAND 90-0616) 

;. Preliminary Compariaan witb 40 C,f.R. Part l 191 B 
(SAND 90-2347) 

h. WIPP Partonaance Asse.ssmentt 1~90 snapshot (SAND go .. 
2338) 

i. statua of the WIPPProjeot (Neill' Chaturvedi) (Waste 
Mqmt. I 91) 

j. WIP:P !'SAR Addendum (July 1991) (WP 02-9 Rev. 0) 
(excerpts) 

k. Letter, EEG to Hunt (DOE), Au;. 9, 1991 

l. critical ExpQrimenta and ~i•• Lines (W,D. Weart, SN~) 
(Auq. 12, 1991) 

17. From an exa•ination ot thee• aatarial•, cU•eusaions 

with personnel of th• Environmental Evaluation Croup {ttEBG•), 

and my knowledqe of the perf orJllance asseaaaent proeas•, three 

principal ooneluaions can he reached: 

a.. First, there is no nec:essit.y tor the dry bin ac&le 

tests to be conducted underground at the WtPP, or at any other 

sp.cific location. These tests could be conducted on the 

1'b oo i 

surfacA at l&boratory facility at or near th• present store;• 

location, and there might well be less riak and inconvenience 

than l f they were conductec1 ~t the w:tPP. 

b. s~~>nd, th• remaininq elements of the DOI teat plan 

-·th• vet bin aoal• ~••ts, bin-aoale solubility teata, and 

alcove teats--are no~ prepared to ba conduct.•d at the pres•nt 

' 
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time, so that a prohibition on their condw:t vill not impair any 

intere9to of the DO!. Moreover, all the bin-scale te•t• can be 

conducted- at a. ltU:loratory facility and do not need to be 

cond~cted at the WIPP. 

c. Third, the information to b• obtained from t?\e dry 

bin-seal• tests is of uhknown iaportance to the DOE in the 

proc••• of performance asaess•ent and appears tc be cf marginal 

import11nce in the pr•••n~ context. Tbua, ac;rain, th• 001 • • 

interests will not be impaired. it th••• teats ara not 

immediataly bequn at the WIPP. 

la. The proposed test• are out.lined 1n tour principal 

documents. These a.re the January 1990 Alcove test planr the 

January 1990 Bin scale test pl~n: the April 1990 Test plan, 

covering all propoe•d ·t.('.lst•: and the O.cembar 1990 Bin acale 

test addendum. 

19. Th• January 1990 Bin-scale teat plan (exhibit S) 

expressly •tates that ~be tests do not have to tie conducted at 

the WIPP: "It is not mandatory on a •cientific basis that these 

bin-scale test• be c:onducted at the WIPP. Th• waste-filled te•t 

bins do not directly experience the impacts of th• repo•itory 

envirorua.ent on weate degradation ••• ~ (at 38). 

20. In fa.ot, 'th• bin-scale test• are designed to be 

eQnduQted in bin• wbieh are loaded with waste at th• place ot 

storage, e.q., Id.aho National Ene'Jineerin9 Laboratory, sealed and 

maintained under pressure throughout th• teat period. 'l'h• only 

occasion for comaunicating with the bin atnospber• 1.s to 

7 
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extract s&:lples ot qae for testlnq or ,safety mo~itorinq 

purposes, or to relieve excessive qas presaure, or to inject 

inert gas to ~uro• poten~ially exploaiv• .sasea. These 

operationG could b• conducted at any loc•tion. To conduct tho• 

•t th• WIPP •1ta or under9round adds nothlnt; to th• experiment. 

21. Indeed, the Januaey 1990 bin•scale teat plan 

aclcno~led~ea the 6Xistence ot -option• for conducting th••• bin• 

aoale t•sita at other u.s. DOE site•, e.9., the Rocky Flat• 

Plant:, tha Idaho Natior.al Enqineering Facility, and po•sibly 

oth.ers ••• •(a~ 29). '!'ha plan adds: "The followin9 possibilitiea 

ar• also beinq evaluated: (a) cond~ctint portions ot the bin· 

seal• teat program at alt~rnativ~ eites, then moving t.hea to the 

WIPP as appropri&te, or (~) con4uot1ng bin test• at alternative 

sites tor wa•te torms that are not currently transportable to 

the WtPP, •·9'•, hi9h-activity vaatea froa the SavaMah River 

Sita.'' (!d..) 

22. JSa.sed on it.y o:.rrent involvement in th• Yucca Mountain 

project on behalf of the state of Nevada, I can etate that there 

are nc cu~rent plane to condu~t on-site tests vith radioactive 

waste aa part af the pertormance assessment ot that cite. 

23. troa an ,examination of the tes~ plana it ia apparent 

that th•re a~• several apeeial constraint• impcae4 upon test5 

cond~cted ~t the WIPP which would not necessarily apply, w•r• 

the tests conducted at an appropriate laboratory location. 

Bacau.se tha WIPP i• not desi9tted. to function as a laboratory, it 

doe• not posse&• a 11ult.iple eontainm•nt st.naotura, and any 

• 
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release ot redioactivity in th• mine environment must be 

acrupulouslY avoided. Theretor•, ~ere are conat~einta which 

limit the.cor.centration ot flan:J11.a.Dle gaaes, the concen~r~tion of 

oxyqen, and the ambient 9aa pressure in the test bins. These 

li•itationa must be entcrced by aea.n• of prea•ure relief valves, 

purginq with inert g•sea, and use of a "qatter• e\ll)atanc• to 

extract oxygen. Suc:h devicaa are cunbersome, will afteot the 

data generated in an experiment, at. beat will require wre of 

corrective formulas, and may ao add to the calculation• that 

uGable result• are sul:>etantially delayed. Some of th••• 

constraints need not be applied in an appropriate la):)oratory 

setting. 

24 . The proposed tests, other than the dry bin test., are 

simply not prepared to be conducted at present. 'I'hese proposed 

tests compriae th• followings 

a. "wet. bin• tests 

b. lA~c~inq/solubility ~ests 

o. alcove testa 

The ~et bin tests in~olve the addition of up to 120 liters 

of brine to th• test bins (•••test plan Addendum ex.c.,at 19). 

However, the WIPP waste acceptance crite~ia do not allow 

disposal of waste cont.ainin9 •ore than lt of tree li(fl.lids, and 

the a.dded b~lne vould exceed the lt 11.mit. Therefore, the brine 

~t somf) point aust: j)e remcvecl. No p%'ocedure ha• been developed 

to eccomplisf:1.this removal. (Id. 84•85) The task ia not a minor 

or\e, sinoe up to l20 'liter• ot radioactive l.iquid must 09 
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remov•d from each ot approximately l~O wy41tw bin& (Id. 2lj. Thie 

18 approx!metely equal to 3804 gallons, or about 20 automobile 

9~• tank• full. Nor:iaally, the transfer of radioactive liquid 

m"1at b4l carried out within a containment (sea DOE Order 6430.lA, 

sec. 1325), but no such containment exists at the WIPP or has 

been incorporated into the test bins. Thia problem is 

unrasolved. Before wet bin tests may be conducted at the WIPP 

a Final Satety Analysis Report Addendum muat be completed 

concerning euch teat•, and it mu.t analyze satety problem• in 

co~nection vith each procedure in the test•. Thi• ha• not been 

dcne, And the vat bin teats <:4nnot b• oonducte4. 

2s. 'l'h• leachinq/aolul:lility t•sta involve detemination ot 

the eJCtent to which radionuc:lidaa become dissolved in brina, 

which perm•ates the repository. such test• vill 1nvolve 

addition of brine to tr•nsuranic waste and. the periodic HJ.11.plinc; 

of brin• to d•t•nain• the diesol"/ad radionuclide cont•nt. Such 

~r~ction of radioactive liquid, with no containment. to protect 

aqainst th• release of radioactivity in event Of a •pill, is 

prohibited by at leaat one DOI: order (DOB '"'O. u, see. 1325) 

and by qood laboratory practice. Ho procedure exists to extract. 

liquids safely. A Final Safety A.nalyais aeport Addendum would 

have to be prepared to analyia the safety implications of 

whatever proced\U*e aay be adopted. Thia has not bean clone. 

With these unaolv•d problom• the DOB i• not prepared to conduct 

the leacbin~taoluhil1ty tests at the WIPP.· 

10 
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26. The alcove taata likewise have not bean the subject of 

n Pinal s~~•tY A.nalysi• Report Addendwa. Furthermore, a seal 

auat be dovelc~ed to close the alcove to passaqe of qas. No 

••al has been developed. The DO! does not e)tpect to develop 

such a seal until possibly 1993. Consequently, ttta DOE ia not 

now prep&red to conduct the alcove te•ts at the WIPP. 

27. The AU9U•t 1~, 1991 Sandia pres•ntation ot Critioal 

Experimants and Time Lines (exhibit D) shows tha't even by the 

002'• ech~ule the w•t bin, solubility, and •lcove tests cannot 

ba oonducted at the present time or for aany months in the 

fUt\lre. 

28. Turning again to the dry bin tests, there is a 

fundamental lack of any stronq justification for such tests. 

'l'he dry bin tests will generate data reflectin9 the rate of qas 

generation only during tha operational phase ot the repository, 

i.•. r prior to the sealin9 of the -repository for permanent 

disposal. CUrinf the operational phaae, it is not anticipated 

that significant quantities of brine will enter and remain Jn 

the repository horizon, because brine ~ill be removed by the 

ventilation •Ystea. Th• dry bin teats will therefore measure 

only the q.~• which can be expec::ted to be generated while the 

repository is in 1.lS• and bein9 ventilated, inter alia, to r•move 

qaa. such inforaation ia not Jd.torial to the determination of 
• 

whether the amount of gas 9enerated trom brin•-•oaked waste in 
1, 

a sealed repository after penaane.nt disposal will atfect the 

repository•• co~pliance with long-term disposal standard&. 

11 



" ,10108181 10: 34 esos sn egu 
A'!TO,Rl\"'EY GE.\'ERAL 

29. The original bin-scale test plan (January 1990) set 

down the roll~win9 objectives for the bin-scale tests. 

l. euantify with a hiqh d•CJre• of control gaa q4neraticn 
- and deple~ion - ratea, •nd composition• from actual 
TRU wastes, a• a function ot waste type, time, and 
interaction• with brine• and other repi:iaitory natural 
and enqin•ared bai"rier ~ateriala. Experimental 
condition• will represent, primarily, the lonqer
teB, post-operational phase of the repository aa well 
a1 the opel"ational-phase. With the exc.pt1on ot 
voe•e, thesa test• will not QUAntify total 9as 
qeneration potentlale (quantities). 

2. Provide a lan.Je.r-scale •valuation and extension of the 
lGoratory .. ccale teat ~esul ts, using aotual TRU wastes 
under repositgry relevant, expected condition&. 'l'he 
use cf accelerative, overtest conditions could biaa 
interpretations and will not be permitted. 

3. Evaluate th• ayner9istic i•pacts of aicrobial action, 
varyin9 da9rees of ~rine saturation, wast• compaction, 
degradation-product contamination, etc., on the qas
generation capacity and geochemical environment of TR.U 
wa.sta. 

4. Incorporate represantat.ive lonq-teni impacts ot rooa 
olQsure and vast• compaction on gac generation by 
including •up•rgompacted vaates. 

s. £Valuate effectiveness for minimisinq overall 9as 
qenerat.ion by incorporatinq qatt.er materia.le, waste 
fora lftOClificatione, and/or engineered fixes into the 
CH TRU waste teat system. 

6. Measure aolution-leachata, source-term radioche111.i1t.ry 
an4 hazardous-constituent (i.e., orvanics, toxic 
••tal•) chemistry of brine-saturated TllU wastes, ea a 
function of D&ny credible environment.al variables. 

7. Detentine the AJIOunt of volatile orqan1.c compounds and 
other hazardous qases rel••Md from the TRtJ wastes 
under reali•tio repository conditions, to quantify bow 
EPA haz•rdous waste requlations will impact the W!PP. 

a. cohauct detailed pretest and postte•t waste 
characterizations ot all vastea u•&d in this prcqram 
to quantify r&dioac:t.ive species, hazardous waste 
oonatituents, a.nr.l overall waete matrix components. 
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Thea• characterization• are necessary to demcnstrate 
both to what extent test wastes are repreaent.ative of 
the babavior of all CH TRU waste• and to provide 
intoriD•tion needed in test data interpretations. 
Post.te•t wast.a charac.~arizationa will specifically 
quantify the total voe source-term availa~l• in th• 
teated waste material•. 

Spoc1tically det-ariitine to what extent th• te•t wastes 
are "representative• ot, and/or brack•t, the RCRA 
conatituent:. co:ncentra.tions ot th• CH TRU wastes in 
gtora9e at DO! waste ~enerator aitea that ar• to be 
i•olatad at WIPP. Waatee to be considered tor WIPP 
eitplace.ment and tested in this progru must 111eet 
apacifications ot both th• WIPP va•te accaJ)tance 
criteria and applicable transportation require .. nts. 

Provide necesaary ~·•-9•n4ration and -depletion data 
and souroe-tena information in direct •upport of WIPP 
PA analyse•, predictive 11odelin9, and related 
evaluations, as well as for r•lated EPA RCRA 
characterizations. 

Help e•tablish an acceptable level of confidence in 
the WlPP PA calculations. Help evaluate th• validity 
ot pertinent assumptions used in aodelinq. Help 
eliminate mos~ "what if" questions and coneerna. 

(ex. B Janu&ry 1~90 Test Plan, at 1•-15) 

30. Almost none cf th• atated objectives can be attained 

by the dry bin tests as nov enviaioned, 

objectives in orders 

I discuss th• 

1. 'l'h• dry bin test re.ult• will reflect only 

the operational r not. the disposal, phase. Moreover' th• dry bin 

tests are not reprea•ntative for hazardous constituents. 

2. Th• previous laboratory teats and the ~in

s.eala tests cannot tie extendCld to saturated or partially 

saturated eonditiona, where a9ent• affecting solul>ility or 
i 

chelation could be accurately evaluated. Horeovei:, th• 

repository c~nditions do not affect these tests. 

13 
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3. There is no syn•rt3i•m to evaluate, tec~u•• 

nothin9 will tie added to the waste (unless in•rt 9ases are 

required.· to purqe explosive qases), and there will be no 

conpac:tion. 

4. Availa~ility of. compacted va•tea at present 

is unknQwn. '!'he Rocky Flats superccmpactor is not operational. 

5. Form modifications and engineered •rixes" 

are not now contemplated. 

6. tieachi119/aolubility teat• are not part of 

the dey bin teota. 

7. No realiatie repo•itory conditions a~e 

preeent in dey bin test~. Results uy not l:>• repr•s•ntative for 

inventor}· of hAzardO\ls constituents. 

8. Char~cterization muat b• done, but the t••~ 

waste may net be representative tor hazardoua constituents. 

9. Result.a may not be representative ror 

hazardous constituent.a. 

10. Initial dry ~in test• will provide only data 

ak>cut the variability of ga• ganeration data for waste within a 

stated 'IaUCON eode. 

di$posal conditions. 

Dry bin test da-:a does not relate to 

11. Ory bin tests relate to the operational 

phase, ~Qt t.he disposal p.~••· They are not useful for the 

pertonaance assessment under Part 191. 
l 31. In suinmary, the dry bin tests can achieve little to 

establish compliance wit.h the long-term disposal standards. 

14 
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32. The dry bin tests mu.at alao be elQJlined in t&l"'IU of 

the current status of performanc:a assessment 1DOd.elin9. The 

partormanc:e aasassment ot the WIPP is l>ein9 conducted by Sandia 

National Laboratories (~Sandia•). Thia task incorporates 

nUDerous eegments, not all of which are at th• aaae ata9a ot 

completion. Certain ot tha tasks involve the conduot of 

experiments to develop data tor U•• in the perfonaAnce 

a.ssesi;ment. certain other tasks involve the developaent ot 

coaputer mod.elinq aystema to represent segment.a ot the dispoaal 

systea whoce behavior i• to be studie4 in conneotion with the 

possible releasa of radionuclides. 

33. 1'he overall approach to performance assesanent taken 

by Sandia is ~ased upon the identitication ot th• •vents that 

can occur to affect the dispo•al •Y•tea, th• likelihood of their 

occurrence, and the consequence of th• ir occurrenc•. The 

analyais also inc:ludes th• reaainin9 uncertainties and their 

effect on the confidence in the predicted re•~lt•. 

34.. 'I'he EPA' a Guidance tor Implementation of Subpart 8 

ass\lllles that the result• ot the pertoraanca asse•sments will be 

assembled itt a complementary c\Ullulative distribution function 

(CCDF) , which 9rapnieal ly reflects th• CUJl\ulativ• release ot 

radioaetiv1.ty which relates to th• relevant. level• of 

probaoility. 

35. Several CCDF'• are developed individually in the 

prooesa ~t pertorm.ano• assessment, whanvariou• possibl& release 

-scenarios" are examined and their likelihood and conaequenees 

15 
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Ultimately, the CCDF'• tor the individual 

acenarioa will be aill!med to express in a ainqle CCDF the 

1ikelihood ot release of radioactivity fro• the repository. 

3 6. The coJ:Jpl ianee assessment methodoloqy proceeds by 

!irat daaerib1nq tbe dispoaal sy•tem 1n terms of the geoloqic 

and hydroloqic characteristics of th• area, th• repoaitory 

desiqn, and the wa•te. Thi• process re•ulta in the development 

of nwiserous conceptual 1ll0de1s, which are then translated into 

mai:he••tieal description•. i.e., computer model descriptions of 

the behavior of ••CJ11lents of th• phyaical world under varying 

input circumstance•. 

37. The compliance asse•sment methodology alee involvea 

the identitication and development of ~•lease •scenarios.• 'l'he 

fact. situations comprised within such scenario• are then 

applied to the mathe11atic:&l models to det.e~ine the consequencec 

of the scenarios. 

38. Each scenario is supposed to be mutually exclwsive, so 

that the probability and consequence ot •aoh may ~e awm1ed to 

deter11ine the prol:>ability and consequence of release from the 

repository. 

39. Each scenario itself embr~c•• tbe tull ran9e of 

probabilitie• and consequence• with respect to the uncertain 

event• and processes contained within the scenario. 

40. Scenarios are analyzed to identity 'tho•e paru•t•rs 

that are i•portant to the probability and the consequence and to 

deteraine th• effect of a ohanq• in the para:met•rs upon the 

16 
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mathematical •odel result. This is th• process ot eenaitivity 

analyais. 

41. Mathemati:al model• can also be verified and possibly 

validated by comparison against available data ~oncernin~ 

physical events and processes. 

42. ~h• compliance assessment process is carried out by 

linJced computer proqrams controlled by an overall executive 

process, the CAMCQN. 

43. In the 1990 iteration, entitled Preliminary Com~arison 

with 40 c.T.R. Part 191, Subpart B for the Wasta Iaolation Pilot 

Plant, December 1990, analysis of probabilities and consequence• 

wae oa~ri&d out by employinq 29 i1iprecisely known variables, 

which are listed in Table c-2 thereof. These variables de not 

include a value tor gas 9eneration by waste. 

44. Sensitivity analysis of th• importance of ;as 

9eneration wculd demonstrate whether that proc••• is more or 

l$4S important than other processes in determining the 

conaequences of each of the pertinent scenarios. If th• factor 

ot the rate of qae generation is less important, it may require 

leas effort t.o decrease the unc:erta!nty in the ranqe and 

di•tribution Of the factor to an acceptable level. A 

sensi1:·1vity analysis cf the CJ•• qeneration rate will also 

provide infot11ation qoverninq th• priorities of data collection. 

45. As •t.At.rd in Review and Discussion of Code Linka9e and 

!>ata Flow i~ NQCl•ar Waste Compliance Assessments, SAND 87-2833 

(1971), -t·ne •use of sensitivity analysis i• to 9ain 

17 
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understand..inq an~ in11i9ht about the ayat.em. Hence, it• primary 

uset'ulnes.- is in the early phases ot an aa•••ament to help 

produce nace•eary und•rs~andin9 and allocate re5ourc•• ~o 

d•velop a credibl• com~liance aasessment.• (at 43). Part or 

the pr.:>cess ot compliance ••aassm.ent is to assume that •oonc:erns 

raised botb within and cut•ida the pr~ject reaain in tb• propar 

perspeetive; wit.'\out this syate:a viewpoint, any on• concern baa 

the pctantial to taka the project oft on a tan9ant." (at 48). 

46. To •Y knowledqe, no sensitivity analysi• ot tha factor 

o! the rate ai gas qeneration has b~en condUcted with respeot to 

any ot t.h• ral•aae •cenarioa. Thu•, ie is not poaeible to say 

at present that data conoerning gas 9eneratiQn i• ilopo~nt or 

unimportant tc the performance asausment. proc:e••· 

47. Furt:hermo~•. at present the statu• of th• compliance 

&$sesamer.t co~cept~al models ct qas generation oy corrosion and 

9as ;enera~ion by biol09ical meana an said by S&ndia to be 

"prelil'llinary," which •••n• that the "underatancSin9 ot the 

C:Oll'lponent or sul)ayatn is intuitive ani! incomplete" 

(Preliminary Comparison at V-107, Table V-71• 

48. At th• end of 1990 Sandia reported that "[s] imulations 

t.hat incorpoi-at.e gas are prel iaina.ry, and cannot be U•ed to 

quantity •~tt•iti~ity of th• modalinq syate:m to 9•• 9eneration.u 

(!cl. Vt-1). 

49. TherefQ~e, b«••4 on the 1990 Preliminary Comparisan1 

it is not possible to stat.4 that data concerning 9ae qeneration-

18 
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-tne principal purposa of the ~in tests--ara important to the 

perfomaneo anal~sls. 
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(' .. 
smaller-scale laboratory data on sin'Ul.ated wastes. It must be errpia.sized 

that it is the canbined suite of Ci TR1 waste test programs, laboratory, bin

scale, an::i alcove, that is required to provide the full spectrum of infonna

tion ard expertise needed for the WIPF PA pro;ram. '!be three experimental 

programs must be linked with both geochemical modeling and studies of the re

sponse of the WIPP to elevated gas pressures, should these be generated. Each 

test prcgram has its own significant advantages ard disadvantages. None of 

the three test programs alone can credibly prcx:iuce the required infonnation. 

'Ihe laboratory tests [Brush, 1989: Bertram-Howery and Hunter, 1989] were 

initiated in FY 89 and will be conducted in parallel with the WIPP bin-scale 

an:i in situ alcove (M:>lecke, 1989b] tests, both of which will begin in FY 90. 

'Ihese parallel test programs will proceed concurrently ard will be sequenced 

to permit the early laboratory results to have some ilnpact on the configura

tion of the bin-scale tests, an:i vice versa. For exart'ple, backfill getter 

additives to be evaluated in laboratory tests for gas and brine so:rption capa

bility 'WOJ.ld be selected an:i evaluated by the en::1 of FY 90 (Lappin, 1989a), 

then sul:lsequently evaluated for in situ efficacy in Rlases 2 and 3 of the bin 

-scale tests (to be descril:>ed later). Also, preliminary brine-leachate re

sults fran the bin-scale tests could be used to help "focus" laboratory evalu

ations of radionuclide chemistry into specific ranges of test conditions as 

quickly as possible (I.ai;:pin, 1989a]. Initial results from both the labora

tory arxl bin-scale tests could be used to help redefine the starting test par

aireters of the alcove tests on an alcove by alcove basis, assuming that the 

wastes and other test :materials had not already been loaded, the alcove seal

ed (fran acx::ess), arxl testin;J in that specific alcove initiated. Results 

fran the alcove tests are not currently anticipated to have much feedback to 

the laboratory arxl bin-scale tests because of their later schedule sequencing . . 
an:i errplacement - with the possible exception of later contingency additions 

to R'lase 3 of the bin-scale tests. 

5. 5 OPl'IONS ~ BIN-SCAIE TEST IDCATION 

It is not mamatory at a scientific basis that these bin-scale tests be 

corxiucted at the WIPP. 'Ihe waste-filled test bins do not directly experience 

the inpacts of the repository environment on waste degradation, as do the par

allel in situ alcove al 'ml1 waste tests [M:>lecke, 1989]. It is mandatory, 
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r h~' that these tests provide IOOSt of the required data to the WIPP Per

fonnance Assessment noielirg effort in the necessary time frame, before the 

erd of FY92 [Bertram-Howery an:i Hunter, 1989]. D..le to uncertainties in cur

rent WIPP q:iening an:i waste availability schedules, options for conducting 

these bin-scale tests at other U.S. OOE sites, e.g., the Rocky Flats Plant, 

the Idaho National Engineering Facility, an:i possibly others have been inves

tigated. 'lhe merits, technical relevance, schedule feasibility, and expenses 

for the other site qJtions are still being evaluated. 'Ihe following possibil

ities are also being evaluated: (a) corrlucting portions of the bin-scale 

test program at alternate sites, then iroving them to the WIPP as appropriate, 

or (b) corxiucting bin tests at alternate sites for waste forms that are not 

currently transportable to the WIPP, e.g., high-activity wastes from the Sav

amah River Site. 

Coniuctirg the bin-scale tests urrlergrourx:l at WIPP is by far the best 

choice or ~ion based on the deciding factors listed in Table 5.2. 'Ihe WIPP 

site an:i other sites are carpared .in this Table; deciding factors are listed 

in aR>roximate descen:liig order of inportance. 

Table 5.2 Decicling Factors an:i Options For Bin-Scale Test Location 

Favored Site Deciding Factors: 

w (= WIPP) 1. Time Availability to Meet WIPP PA Needs 

w 2. Test Set-up an:i InstJ:umentation Time 

w 3. Isolation fran the Accessible Envirorunent 

w 4. In Situ 'I'e.ITp!rature Control (2°C range) 

w 5. Availabilities of Test Facilities, 8.lildings . 
w 6. Minimization of overall Test Expenses 

w 7. Progranmatic Concerns, Site Relevance 

w provided 8. SNirWIPP PI an:i InstJ:umentation Control 

w provided 9. Dita Acql.lisition an:i Control Systems 

w 10. Minimization of Travel, Key Personnel 

w, 0 (= other) 11. Test Radiological Safety an:i Control 

w, 0 12. Technical Personnel, Training & Availability 

w, 0 13. Analytical Instrumentation an:i Availability 

o, w 14. I..eqislation an:i Permitting Uncertainties 

0 15. Waste Transportation Concerns 
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quata to •DCrt mic:rcbial oolaU.m ard provid9 gas prcduct.icra traa 
JDicrcbial de;radatiCl'l mechani.sms [Moledca 1979 I caldwall 9t aJ. 1987] • 

HowaYer, the cctent and duraticra of activity that can be 

thia initial m:>isture Cla1tent remains to be dete:m.1.ned. 

c. "Wet" - 'Jhia term is used to mean tests with q> to 120 lit.era ot Sal ado 

bc'ine(s) AllS added excess WlPP rock salt. 'Jhe alt (backfill Mterial, 

described in secticra 10. l.1 ot the Test Plan) , 3 ft. 3 /bin, equivalent 

to 110 laJ, is added to provide a repositAZy relevant halite-saturated 

ch!mic:al mvirc::nnant. 'lbe alt also msur. that aicrcbial inoa.ilat.ial 
taJcas pl.am, in additicra to the mia:d:les p: ssent in the natural, \lider

grcunk:IOllected sa1.m brines. (Brush 199<1>]. As izastntly planned, am 
·as reiterated by the IX>EJWPO, the undergranS bin-scale gas testing pro-_ 

gra specifically includes bins with up t.o 120 liters ot added trim. 

d. "Phase O" - Initial gas testing, in lihldl w evaluate the bin-to-bin vari

ability of gas producticra p:antials fer •1•t Jar 1ilUtm (of the ... 'DIJ

CXlf cedes) under "uni.tam" anaercbic~. "dty" ecperu.ntal ccn:lltima -
with no added lrine, salt, er other badcfill atarial8. 'Dw cnl.y acap
ticns to the anaerobic (cnly) cr:n:lit!CN incl.me: testing of two bigh

organic, high-cellulcsicxxritent, 'lKXXlf CICdM (116/216 ard 119/219) 

unSer' J:!:2tb anaerabic and aerobic cr:n:lit.icns; md, testing at All sl\d11 
«<'- under initially aerabic ccn:liticns miy. Not.a: aw o testing is - . - - - . . . -
dnscru.d in detail in Sect.icn 3.2; the stat1stical tnplicatic:r1S of bin
to-l:>in var1abi 1 tty are reported aeplrately [Iai:pin et al 1990]. 

Fran a pt* cedural JX)int of view, w feel thllt a limited llJdm" of "wet" 

bins (Phase 1 tests) could t. ir&X:u:p::u:ata:t into early testing as llCCll as 

8ldl bins tea•• avatl•hle, so la1IJ as tb9 n.. o testing at the same 

'JKXDf cedes bid 1-1'1 initiated fer at least 6 IDrt:bs. Because ot this 

intent1cnal delay in tha ma of "wet" bins, future editicraa of the Inte

grated Sysbia a.cJccut Plan [WID 199ob am nvaicras thareto] m.st in

clude capabillti• (i.e., interface ~) fer the 'tXD"inJ hand

l.inJ~ and l:d:h 111place!"*' and posttest retrieval cpratic:m fer -wet• . 
bins. ·lfoWawlr, these capabiliti• dO not 1-1 t.o be incl•ded fer the 

initial, plannm start1nJ ltChedula. 
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failed pzp 1n thl ~ 8)'Btem. 

d) An 6ff48C1ahl•, i.e., > 5• C, upward t::nnS in bin-waste t:e11erature, 

inUcatiw of potential Jldc:rcbial activity er the alSet ot llpCl1taneal8 

CXll!blsticn. 

5 .14 .1 Post:test 1last.e Banll.inJ 

No turtbar data gather.irq requinmenta U1t placed Cl'l the test bins and 

wastes foll~ thl ct*ainnent ot thl final, t • teminaticn gas sanple 
("f in&l" .. detem1nad ~ the Principal Iwt.igatcr) • 

s.14.1.1 vacuum DistillatiCl'l Deleticra 

'Iba previc:m requiranent to subjact<MC:h post:test wste bin to the ptcx:a:!

uz:e ot waua dist.illatic::ra at the WlPP is teinJ dal.eted. 'lhia dal9ticn bas 

been disnlSS'Pd with the lnYirmnantal Protecticn 1qf6q (US IPA 199Qb] and t. 
net an J.uua of .ccntent.1cra at pas ant. 'Di. •jar piece ot data tram u:h di.8-

tlllaticn, tbl •sc::iurca tem" fer bin total voe ccratent, bu taen detcm1nad 

nct to tie naoessar.t er ra;uired to denast:tate "lap: santativaness• with re
mpect. to waste voe a::ntent. Refer to the •u::pt s 1tativeness• discussi.Cl'l in 

Sacticn 4.2.4. 

5.14.1.2 Rlm:Mll ot Pmtteat Brine 

'lhla adlSad trim in the "wt• bins needs to tie rtllD'Ad at tha a:n:lusiCl'l 

ot the CJU test.i1IJ phase, to abtain "dey" wastes that wtWd again l88t the 

WlPP waste accaptanca criteria (WAC) • 'lhis dryin;i w.s another stated goal of 

t.M (pnrdcmly pqma', new delet.s) vacua dist.illatiCl'l proonre, to 
nm::N8 r.r:. JJquidsjlrine •... 

'l'h9 brine naa1ninJ in t.-t bi1ll at the ccn:lusim of the gas testmJ 
phase can tie either draiJm ar pmpd trm- the bin(•) , ard/cr aol.id.iti.S 1n 

pl.am. 'l'h9 trim will net be used tar artJ (azmmtl.y planned) data gathering 

activity. All wst:e J:rina-relat.ect data vil1 - Clbtained frm tha perallel 

WIPP al 'DIJ wast.a IMdUnJ/Solubility Test P£!:1gta, as dllllC:ziJ:*1 in Secticn 

2. ,,. pa-e!VM an;S borcMrl 1mnim fgr t;bia bc'im rmqual and/ac 10Uot-
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ticotim need to bl designed an:! provided W wm, u part of wuta l'Wtriaval 

act.ivitas, and addreued in a tuture reviaicn to the FSAR ~. 

FolladnJ .final J:r1na ran::JVal trail the bins (it not aoliditied in place), 

sane resi&Jal, 8Clt'ted brine may still be PI es eut in the 'lHJ wastes, probably 

DDre than the llJDCQ1t allowed by the WIPP WAC. 'Jhe piocaitns am equipnent 

raqu.ired to dry ar aolidi.ty the brine in place ai.o need to be designed v4 

grqvided 1zi WID, as part of waste retrieval activitiM. q,tiaw mentiaiad in 

the past l7J wm include injec:t.iai ot dryirq agent.a. other cpticra ara to be 

develcped, .. 4iJLq::tLiata. 

5.16.2 Witimal !'est Safety Re1ata! OiKWia 

5.16.2.1 Paricdic Instrumentatim Mc:nitarillJ of Potentially 

FJamab\e/Dcplcsible Gases 

-n. tq>ic of en-line, periodic mcnit:aring ot bin qases fer potentially 

flll!l!Mble ard/cr ecplcsibl.e caceutzaticm ot ~egau an:1 mthml (ass•irq 

an adequate ccu::entzaticm of oxygen) was dho•ed at the WlPP project R!X:\P 

wt1ng cm octctc' 5, 1990. 'Dlll mjcr q:Jt.icn di.,saed at this wtinq vu 

the possible use ot specific gas ..Utars in adr:Uticn to the mr:taL ccygari 

sensors, i.e., p:asibly far hydxogen, methane; UL (lower ecplc:aibil tty lim

it) , etc. All of these qages "1Cllld be c:iperata:S molaly fer tbaJr Mtety relat

ed tunctiCll; they wcul.d have the benefit of havinJ a lacal red:aJt (anS/cr 

ralDt.e raacblt at the •ite Q::mpJt.c' Mcnitarinq Systal) lihi.dl ccWd 1:18 cbedcad 

pericdic:ally, irdependant of the D.\.9 calplter. ,...,,, .. sd1 gas -=niters 

wnld bave safety tuncticns cnly, thly waild tie ~, mcnitand, and min

taJ.ned by wm. 

aldl mpecifio.-gu llCl\itara "111CU.1d be in additiCll to the gu ccu::enb:atiCll 

data to be d::lta1m:l trail the pericdic gas 11m1pl• (and GO-fG analyses) , as 

described in the 'ntst Plan. 

R, perscme1 (laid: Paul cahill, diviaim 1811) haw .s.nv.stJ.g:ated the 

avaiJabi Hty ard awlimbillty of mch specific gas lmit.cn. Initial surwrt 

nail.ts (t:rm aJ:x::ut 10 auwliera) Jn:llcate that .-itially all of th88e (off 

-the-shelf) gas (safety) ..Utars are designed fer me in an air ..wirauent, 
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Performance Assessment Requirements for Bin Tests 

40CFR191 

• High gas generation rates lead to gas-dominated 
rooms 

- PA Indicates less radioactive release for human 
Intrusion scenarios 

• Low gas generation may lead to brine saturated wa~e 

- PA Indicates more release for human Intrusion 

• Neither case leads to releases In 1 o,ooo years 
without human Intrusion 

• Conclusion: Lower gas generation rates can lead to 
more severe waste room source term conditions 
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Performance Assessment Requirements for Bin Tests 

40CFR268 (RCRA/ No Migration Determination) 

• High gas generation rates wlll c·ause gases to migrate· 
farther alo~g lnterbeds 

- RCRA gases (VOCs) can be carried along with 
these gases toward RCRA boundary 

• RCRA standard does not require consideration of 
human Intrusion 

• Conclusion: High gas generation rates can lead to a 
more severe waste room source term for voe 
migration 
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Performance Assessment Requirements for Bin Tests 
Conclusion 

• Neither a high nor a low bounding assessment of gas 
generation rate Is sufficient to assure the most severe 
long-term conditions for both WIPP standards since 
the bounds act in opposite directions 

• Conclusion: Realistic values of TRU waste gas 
generation must be determined to adequately. 
represent the waste room source term for both 
standards 

• Bin tests are the most reallstlc slmulatlon of 
repository/waste gas generation Interactions and 
should be conducted to provide our best 
understanding of future waste room source term 
conditions ......... 
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Technical Concerns Often Raised Regarding 
Radioactive Tests at WIPP 

Is gas generation really a maJo~ Issue? 

• Performance Assessment to date has not addressed 
RCRA, an area where high gas generation Increases 
concern for compliance 

• Evaluation of both 40CFR191 and RCRA requires best 
estimates of gas; bounds are not sufficient 

• Lack of knowledge on the gas generation Issue wlH not 
be acceptable to the public 
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Technical Concerns Often Raised Regarding 
Radioactive Tests at WIPP 

Radioactive waste tests are commencing later than 
originally expected 

• Wasteform complexity and regulatory & safety 
requirements do lengthen times . 

• Characterization will be required to ship waste to 
WIPP- tests or not 

• Bin tests wlll provide timely data to PA on present 
schedule 

Test results wlll be dlfflcult to Interpret and extend 
to WIPP 

• Test data wlll provide statlstlcal knowledge of gas 
generation In WIPP 

• Lab data will supplement bins for phenomenological 
Interpretation 

• Extensive test matrix wlll allow extrapolation to the 
WIPP repository ..... 

--

f1l z·., 
C· ....... 
;u-
0 z, 

fTl 
c 
D 
r 

-i 
fTl 
r .. 
V1 
0 
U1 

I 
00 
tv 
00 
I 

...... 
0 
<1' 
tv 

D 
c: 

CJJ 

tv 
VI 

\D ...... 

...... 
V1 

0 
00 

z 
0 

0 
0 
VI 

\J 

....... 
l::>o 



Technical Concerns Often Raised Regarding 
Radioactive Tests at WIPP 

Solublllty experiments have been removed from the 
WIPP bin tests 
--. ,,,,,,,,,,.,,,, 

• DOE Is committed to accelerating solubility 
experiments with TRU waste 

• Other facllltles are being actively considered to speed 
solubility tests 

• New bin design to allow solubility testing at WIPP Is 
being Investigated 
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[ USUMMARY OF CRITICAL EXPER1MENTS) 

Retardation In the Culebra Aquifer 
- Expert Panel Dellberatlona In Early 19 8 2 

- Labor•tory Teat• Accelerated 

Solubility . LA A ( ffl 
- TAU Solublllty Teat• to Commence In Mld-'92 

Bin Test 
- T••t• with Some High-Organic TAU Earll•r In Program 

th .Ar 0 IA' t 
- Redealgn of Bina to Acceler•te Wet Bin Teatlng Into Mld-'92 

- Declalon on Alcove• In E•rly 19 9 i Baaed on Ree ult• of Bin 

T ••t• & Alcove Gae Barrier 
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SUMMARY OF AFFIDAVIT OF JACK PARKER 

Mr. Parker is a geologist and mining engineer, specializing 

in rock mechanics. He is an independent consultant who was 

selected by the DOE in 1991 as a member of the DOE's expert panel 

reviewing the room stability problems encountered at the WIPP. 

Mr. Parker concludes that the waste emplaced for tests will 

become non-retrievable within less than a year. Specifically: 

1. Room 1, Panel 1, the test room where the waste will be 

placed, exhibits fractures similar to those which gave 

rise to the roof collapse in SPDV Room 1 in February 

1991. (!31). 

2. Failure of the test room is highly probable. (!31). 

3. If the test room follows the pattern of SPDV Room 1, it 

can be expected to be closed to access by October 1992. 

(!31). 

4. The DOE's proposed roof support system, relying upon 

rock bolts, is exposed to shearing and breaking of the 

bolts. There is insufficient bolt clearance to 

accommodate shear movement. (!! 37-42). 

5. The equipment clearan~e necessary to retrieve the waste 

will be lost within less than a year. (!! 44-45, 47). 

6. The DOE's roof support system,will probably impair 

warning of a roof failure by masking the acceleration 

of closure which provides a warning signal. (! 47). 
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Affidavit Of Jack Parker 

Jack Parker, being duly sworn, deposes and says: 

1. I am the principal of Jack Parker and Associates, 

Inc., a rock mechanics and mining consulting firm located in 

White Pine, Michigan. I have provided one-time and ongoing 

consulting services to the mining and related industries since 

1971. My resume is attached as Exhibit A to this affidavit. 

2. I was born in England and educated there through 

secondary schools. At age 16, when many English students leave 

school, I did so and began work in the coal mines, first as an 

office boy and then in functions involving surveying, 

engineering and planning at four coal mines held by the National 

Coal Board. 

3. I was selected to participate in the National Coal 

Board education scheme, which provided night classes and part

time day classes for promising students in the scientific 

fields. Under that system I received my secondary education. 

4. In 1953 I migrated to Canada and thereafter worked as 

an engineer and surveyor on mine development projects at 

Hudson's Bay and at Sudbury, Bancroft, Haileybury, and North 

Bay, Ontario. 

5. In 1954 I enrolled in Michigan Tech to study both 

mining engineering and geological engineering in a dual degree 

program. I received a B.S. in geological engineering and a B.S. 

in mining engineering in 1958 and a M.S. in geology in 1960. My 
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grade-point average was 3. 75 out of a possible 4. 00, and I 

ranked fourth in a class of 384. 

6. After I received my B.S. degrees I taught at Michigan 

Tech in the Geology Department while working toward my M.S. I 

also undertook various work at mines in Ontario and Quebec. 

7. In 1961 I joined R.L. Loofbourow, a mining consulting 

firm in Minneapolis. 

8. Later in 1961 I received an offer to work as a foreman 

at the White Pine Copper Mine in White Pine, Michigan. I 

accepted the position. First I worked as a mine foreman in 

connection with underground mine development. After a year, I 

was given responsibility, as a research engineer, for the design 

of drilling plans, blasting, and bolting. After two further 

years I was made Director of Rock Mechanics and supervised three 

engineers and ten technicians. In this position, I had 

responsibility for the geotechnical aspects of mining methods, 

mine layouts, and overall questions of rock stability. I held 

this position for seven years until an industry downturn. 

9. Since 1971 I have acted as a self-employed mining and 

geologic consultant, emphasizing problems of rock mechanics. 

The science of rock mechanics, as I practice it, involves a 

practical understanding of the properties and behavior of rocks 

in place and how to control them to attain stated objectives. 

Most of my practice involves clients in the mining and civil 

engineering fields. Typically, I am requested to address a 

problem which is described as involving rock stability or 

2 
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anticipated instability. Normally, I visit the location to 

observe the precise nature of the problem and to apply 

observation techniques and basic instrumentation. I normally 

study available geologic data reflecting the nature of the 

strata in question and the physical properties of the rocks. 

It is usually necessary to review the plans of .the underground 

workings involved to obtain an understanding of the probable 

stresses to which they are exposed. Based upon such 

information, and using lessons learned at previous sites, I will 

normally recommend one or more solutions, with the principal 

objectives being practicality, safety, and efficiency in time 

and money. 

10. I have specific experience in dealing with rock 

mechanics problems involving evaporite deposits. A partial list 

of clients is attached to my resume. Representation involving 

evaporite deposits includes the following: 

a. Allied Chemical, Wyoming: A trona deposit. 

b. Amax, Inc., New Mexico: Potash deposit in 

Carlsbad area. 

c. Canadian Rock Salt, Ltd., Ontario and Nova 

Scotia: Rock salt deposits. 

d. Cargill Salt, Louisiana and New York: Salt mines. 

e. Cliffs Engineering, Colorado: Nahcolite deposit. 

f. Domtar Minerals, Canada, Michigan: Gypsum 

deposits. 

g. Domtar Minerals, Louisiana: Rock salt deposit. 

3 
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h. International Salt Co., Ohio and New York: Rock 

salt deposits. 

i. Kerr McGee, New Mexico: Potash deposit in 

Carlsbad area. 

j. Morton Salt, Louisiana and Ohio: Rock salt 

deposits. 

k. Texasgulf, ·Inc . , Wyoming: Trana deposit . 

1. Westroc, Ltd., Ontario and Manitoba: Gypsum 

deposits. 

11. I conducted a major project for the United States 

Bureau of Mines concerning roof control in coal mines and, 

specifically, resin bolting techniques. The study included 

mines in the United States, England, and France and generated a 

handbook on the design, installation and operation of resin 

bolted roof control systems. 

12. I have been recognized in court as an expert in the 

fields of geology, mine engineering and rock mechanics. 

13. In April 1991 I was requested by Dr. Roy Cook of 

Westinghouse Electric Corp. ("Westinghouse") to be a member of 

a panel of geotechnical experts which was convened to provide 

outside review and evaluation of geologic conditions at the 
• 

Waste Isolation Pilot Plant ( "WIPP") and, specifically, to 

provide an estimate of the life expectancy of the underground 

rooms in Panel 1, where a test program was to be conducted, and 

if necessary to recommend additional remedial actions that would 

4 
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improve the longevity of Panel 1 rooms to allow the tests to be 

successfully completed. I agreed to join the panel. 

14. As a panel member, I was provided with certain 

geotechnical data. These included: 

a. Geotechnical Field Data and Analysis, DOE WIPP 

91-012 (June 1990) 

b. Interim Geotechnical Field Data Report, DOE WIPP 

86-012 (Fall 1986) (extracts) 

c. Design Validation Final Report, DOE WIPP 86-010 

(1986) (extracts) 

d. Borns, D.J., and J.C. Stormont, An Interim Report 

on Excavation Effects Studies at the Waste Isolation Pilot 

Plant: Delineation of the Disturbed Rock Zone, S.AND 87-1375 

(1988) 

e. Stormont, J.C., Discontinuous Behavior Near 

Excavations in a Bedded Salt Formation, SAND 89-2403 (1989) 

f. Design Criteria Waste Isolation Pilot Plant, 

Revised Mission Concept -IIA, WIPP DOE-71, Rev. 4 (extracts) 

g. Cook, R.F., Position Paper: Life Expectancy of 

Room 1, Panel 1, Draft (1991) 

h. Brunwald, H.P., and H.C. Howarth, Compression . 
Tests of Roof-Salt Slabs Supported by Potash Salt Pillars, RI-

3386, U.S. Bureau of Mines (1938) 

i. Brockman, T.R., Panel 1 Roof Bolting, Design 

Calculations, EWP-51-0-0433 

5 
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15. The panel met on April 9-10, 1991, in Carlsbad, New 

Mexico. At that time I visited the underground mine workings at 

the WIPP and made personal observations of the nature of the 

roof stability problems. 

16. In particular, I observed the result of the roof fall 

in SPDV Room 1. In that room a segment of the roof weighing 

more than 1000 tons separated from the roof and fell. SPDV Room 

1 is now closed to any access, and I was not permitted to enter 

the room. 

17. Moreover, in an adjacent SPDV Room I studied 

observation holes cut in the floor and the roof of the room. 

These holes are bored so that one can observe the change over 

time in the horizontal and vertical relationships of the strata 

that are penetrated by the hole. I noted that one hole in the 

roof had penetrated strata that had moved sufficiently to 

obscure the entire diameter of a six inch hole. 

18. The panel conferred after hearing presentations from 

personnel of Westinghouse and the DOE. At the time I expressed 

the view that Room 1 of Panel 1 --the proposed test location -

-would not last more than an additional two years from that 

date, and quite possibly less based upon the unpredictability of 

roof instability and the apparently faster rate of closure of 

Room 1, compared to SPDV Room 1. An estimate of two years would 

mean that the room is vulnerable to failure at any time after 

approximately April 1993. 

6 
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19. At the panel meeting I also stated my opinion that any 

attempt t·o provide additional roof support without relieving the 

stresses which give rise to a roof fall would fail to prolong 

the life of Room 1 as required. 

20. I continue to maintain the opinions which I expressed 

to other members of the expert panel. In my opinion, one cannot 

assume that Room 1, Panel 1, will remain stable beyond April 

1993. In my opinion, a roof support system, like the system 

depicted in the report entitled Waste Isolation Pilot Plant 

Supplementary Roof Support System, Underground Storage Area, 

Room l,_ Panel 1, DOE WIPP 91-9230, cannot be expected to extend 

the useful life of Room 1 as required. 

21. At the request of Westinghouse, I submitted my report 

on the issues presented to the panel and made a brief follow

up letter report. My reports are published in the Report of the 

Geotechnical Panel on the Effective Life of Rooms in Panel 1, 

DOE WIPP 91-023 (June 1991). This Report is attached as Exhibit 

B. 

22. In my opinion the roof failure observed at the WIPP 

has its origin in the design of the mine itself. The 

combination of wide (.33 feet) rooms with flat roofs and 

unusually wide, stiff pillars (100 feet) created a situation 

that was prone to failure. This is for the reason that the 

wide, stiff pillars concentrate stresses at the weak points of 

a room. 

7 
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23. At the depth of the WIPP rooms, which is 2150 feet, 

underground lithostatic pressures of more than 2000 pounds per 

square inch are to be expected. When salt is extracted at that 

depth, the open space remaining cannot absorb stress any longer. 

The stress is, accordingly, diverted to the walls, floor, and 

roof. Under stress, the opening tends to pref er the most 

stress-resistant form, which is a circular cross section. In 

this particular situation, the anhydrite "b" layer is located 

about seven feet above the roof, separated from the salt by a 

layer of clay, which is weak and cannot transmit stress. In 

consequen9e, the horizontal stress is largely concentrated in 

the seven foot roof beam, which is unsupported in its 33 foot 

width. Had the pillars been narrower--say, 33 feet--they would 

not have been able to transmit high vertical stresses, and the 

roof beam would not be exposed to such forces. However, such a 

design was not adopted. 

24. In the design adopted for the WIPP, the horizontal 

.$ st._• forces cause the roof to buckle and to fracture. The 

parting of the fracture will tend to proceed from the upper 

corner of the room upward toward the anhydrite 11 b" layer, 

following a shallow angle. In Room 1, Panel 1 I observed the 

beginnings of such fractures in the roof along both walls. Such 

fractures will ultimately weaken the roof beam to the point that 

it will be unable to sustain its own weight, and it will fall, 

as it did in SPDV Room 1. But other forces are involved too. 

8 
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25. Before it falls, the roof beam will demonstrate shear 

movement. First, before fracturing, the roof will buckle 

downwards in the center, weakening the bond of the salt with the 

overlying clay and anhydrite seam. When fracturing begins, it 

normally occurs earlier in one side than in the other. At that 

point the continuing horizontal stress will . force the more 

fractured side of the beam to move laterally and downward, 

shearing against the rock above it. This behavior is evident in 

the roofs of the WIPP rooms, which show substantial horizontal 

movement relative to overlying strata. 

26. Thus, the stresses around the mine opening cause it to 

tend to assume the most favorable shape for an underground 

tunnel in salt, which is a more or less circular cross-section. 

27. The shear fractures will propagate, coinciding with an 

increase in the measured rate of convergence of the roof and the 

floor. The rate of convergence, and any acceleration of that 

rate, provides a warning of the impending occurrence of roof 

failure in unsupported conditions. Acceleration in the 

convergence rate apparently results f rem acceleration in the 

propagation of roof fractures, so that it provides evidence of 

a forthcoming failure . . 
'28. The rapid failure of the openings at the WIPP 

parallels experience elsewhere. Most of the roof falls that I 

have examined in potash mines in the Carlsbad area have been in 

rooms adjacent to pillars that were unusually wide and stiff. 

The design of the WIPP follows local potash mines but reduces 

9 
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the extraction ratio, and thus widens the pillars. This design 

places s1gnif icant additional stress on the roof beam, leading 

to failure. 

29. Similarly, in the Cayuga Salt Mine in upstate New 

York, there were numerous roof failures at depths of 2000 to 

2700 feet in rooms 32 feet wide and 12 feet high. Bolting was 

adopted to prevent such. falls, but without success. The 

ultimate solution was to adopt yielding pillars only about 20 

feet square, which would yield rather than exert high vertical 

and horizontal stresses. 

30. By contrast with the WIPP rooms, access drifts at the 

WIPP show comparatively long lives and low convergence rates. 

It is typical of most mines to have access drifts that are 

narrower than the rooms themselves. Such a configuration leads 

to better long-term stability. A study of the convergence rates 

of drifts at the WIPP shows that the amount of convergence is 

considerably less in drifts than in rooms. Interaction of 

multiple and parallel openings, as in the panels, accentuates 

the adverse stress conditions. 

31. As to the useful life of Room 1, Panel 1, the eight 

year life of SPDV Room l provides a useful indication of the 

life span which can be expected. The rooms are not identical. 

However, the fracture pattern which led to the failure of SPDV 

Room 1 appears again in the roof of Room 1 and in the shear 

movements visible in the observation holes in the other SPDV 

rooms. The failure of all of these rooms is highly probable. 

10 
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The Panel 1 rooms may, in fact, fail sooner than the SPDV rooms, 

as suggested by the higher convergence figures for the Panel 1 

rooms compared to the SPDV Rooms at a similar age, e.g.: 

CONVERGENCE AT 2-3 'YEARS. RATE IN INCHES PER YEAR 

Panel 1, Room 1 4.60 

Room 2 3.33 

Room 3 3.34 

Room 4 2.56 

Room 5 2.28 

Room 6 2.76 

Room 7 2.70 

SPDV Room 1 2.93 

Room 2 2.39 

Room 3 2.64 

Room 4 2.65 

These data are from the report, Waste Isolation Pilot Plant 

Supplementary Roof Support System, Underground Storage Area, 

Room 1, Panel 1, Table 5.1 DOE WIPP 91-9230 (Aug. 1991) (Exhibit 

C hereto). The rate is particularly high in Room 1, Panel 1. 

Moreover, the data for that room fail to show the decline in 

rate, below three inches per year, seen in other rooms before 
• 

the eventual increase. Further, the eight-year span for SPDV 

Room 1 covers the time span from excavation to total failure. 

The room was, in fact, closed to access from a time well before 

its failure. From the materials submitted to me, I infer that 

the room was closed approximately eighteen months before the 

11 
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failure (Report at Fig. 5.1, August 1991). To estimate maximum 

useful life the time span of six years, two months is a more 

nearly correct comparison. Under this approach the useful life 

of Room 1, Panel 1 will end in approximately October 1992. 

32. I have also studied the proposed roof support system 

described in the August 1991 report. Briefly, the proposed 

system employs 13 foot Dywidag rock bolts anchored with resin 

grout above the anhydrite "b" clay layer. These bolts are 

designed to protrude 18" from the roof to accommodate sagging of 

the roof rock. The rock bolts are placed in three inch 

(possibly.four inch) diameter holes reamed to the anhydrite "b." 

The bolts are fed through a 1-1/2" hole in a steel channel 15" 

wide by 3-1/2" deep. The channel is 27' long, comprised of 

three nine-foot sections joined by fishplates. Eleven bolts 

secure each channel set, and the sets are placed at eight to ten 

foot intervals. An additional lacing system is comprised of 

S/8 11 wire rope fastened with diagonal eight-foot resin grouted 

Dywidag rock bolts. The lacing is installed laterally and 

longitudinally on three foot centers. In addition, 3/4" x l" 

expanded steel mesh and 4" x 4" mesh formed of welded 1/4" steel 

wire is installed next to .the roof salt. 

33. The proposed support system relies upon numerous 

assumptions that are demonstrably wrong. (See Report, at pp.3-

2 through 3-3 (Aug. 1991)). For example, there is no basis to 

assume that the zone of rock where the bolts are anchored is 

"sufficiently stable to provide a good anchoring base for the 
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support system rock anchors. 11 In fact, inclinometer 

measurements show that this zone and the area above it are 

already subject to deflection in the SPDV area (See Fig. 5.4), 

as stands to reason, since they are subject to added stress. 

Lateral differential displacements have been observed up to so 

feet into the roof (See pp. 4-3, A-6). Nor is it correct to 

assume without data that the lateral stress is no greater than 

the vertical stress; it may well be much greater. Again, it is 
.J,p 

incorrect to imply that "creep" ~;~~~k~t«cUr- deformations are 

the principal result of differential stress. In my experience 

by far th~ major deformation effect at depth is fracturing, not 

creep, and the DOE seems to acknowledge this (seep. A-4), but 

its model totally fails to account for fracture behavior (Id.). 

Yet again, it is incorrect to assume that once fractures occur, 

roof movements "are increasingly associated with gravity rather 

than salt creep. 11 They are associated with both, but, more 

significantly, they are the result of stress-induced fracturing. 

Nor can it be assumed that a three-inch clearance hole will be 

"sufficient to prevent shearing of the tendons that may arise 

from differential lateral deformations that might take place in 

the roof rock. " Deformation has and nu- -not might- - occur, and 

three-inch holes to provide play is not enough, since the DOE's 

own inclinometers show more movement than three-inch holes would 

allow (see Fig. 5-4). Nor can lateral deformation be assumed 

to be 1/2" per year; the data show more than 2 1/2 11 over a four 

year period (Fig. 5. 4) , and it cannot be assumed to proceed 

13 
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symmetrically when fracture takes place. The proposed system is 

predicated on false assumptions and cannot, therefore, ensure 

stability. 

34. With reference to the possibility of extending as 

required the life of Room 1 by roofbolting methods such as the 

roof support system recently adopted, I have little assurance 

that it can be done. Mechanically anchored ten-foot roof bolts 

were installed in Room 1 two years after it was excavated. They 

have failed to arrest closure, probably because the anchorage is 

slipping. The bolts may also be subjected to severe lateral 

stress an~ tension at the plane of failure. The probability of 

bolt failure will be greatest at the point of greatest shear, 

i.e., the edges of the room. Bolts failure will probably occur 

there first. 

35. In fact, most of the closure experienced in rock salt 

at the depth we are concerned with takes place through 

fracturing, rather than through "creep." This fact bears upon 

the nature of the roof supports which are required. The 

movements of the roof anticipated in the design of the proposed 

WIPP support system are assumed to consist of creep, but the 

actual movements to be expected will probably involve large 

fractured slabs of salt, which generate shear forces. The 

planned support system does not anticipate shear forces to any 

significant degree. 

36. The proposed support system is predicated on the 

assumption that a large mass of roof rock will become loose from 

14 



10105191 17:46 t:t5o5 827 5826 N.M.A.G. OFFICE ~016 

the overlying strata and must be suspended simply as dead 
' ,;.? 

weight. In other words, ~ forces other than gravity alone 

are not anticipated. 

37. In fact, as observed at the Cayuga Salt Mine and in 

the SPDV rooms at the WIPP, a principal component of movement 

before failure is in shear. The roof bolts are.to be anchored 

in strata above the anhydrite "b" layer. Beneath the "b" layer 

there is to be a three-inch (possibly four inches) diameter 

clearance hole. This permits a lateral movement of at most two 

inches (and possibly as little as one inch) before shear forces 

are applied to the bolt. This distance is the difference 

between the bolt diamet'er (one inch) and the clearance (at most 

three inches, but less if the shear is applied close to the 

resin anchor point) . The stated anticipated lateral movement is 

l/2" per year, which means 2-l/2" in five years--exceeding the 

available clearance in a time much shorter than the time that 

the DOE has stated was required for the tests. Moreover, l/2 11 

per year understates the actual lateral movement to be expected. 

Shear forces are frequently asymmetrical, and we have 

insufficient data to draw from. 

38. There is also the possibility of shear failure at the 

point where the roof bolts go through the channels. There is 

essentially no play at that point, yet the roof rock can be 

expected to move against the bolt at that point also. 

39. The shear movement will also force the fractured roof 

beam downward against the channel supports, adding to the 

15 
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gravitational load. In fact, the bolting will increase this 

force, because it renders the beam more competent and thus more 

likely to be thrust downward under stress. The system, however, 

is designed only to absorb the gravitational load. 

40. The Dwyidag bolts have been tested, but only in 

momentary static load and under unrealistic conditions. For 

example, it is said that three 12" resin cartridges were used to 

anchor the bolt. By my calculations this much resin will create 
Le.no-th.. "'Th r..C 

a 60" resin bond -..., ~~~ is considerably longer than 
..]( 

the approximately 36" length above the anhydrite "b" layer that 

can be counted upon to provide firm support. In other words, 

in the design, there will only be about 36" of anchorage, not 

60", and the tests are not representative of actual conditions. 

41. Moreover, the tests measure the holding strength of 

the bolts in tension, whereas they will probably be loaded in 

shear. 

42. I anticipate that failure of the- support system or 

such threat of failure that entry into Room 1, Panel 1 must be 

barred, will occur well before the end of the required time 

period, largely by reason of shear failure of the roof bolts. 

43. The report on the proposed support system says that . 
the support must permit up to 50 mm (two inches) per year of 

overall roof lowering and adds: "The overall roof lowering over 

a nine-year period will therefore I be 450 mm. n (p .A-10) An 

overall lowering of 450 mm, or 18", will exceed the available 

bolt length, which is only 14" after the mesh, plywood, channel, 

16 
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load cell, and nut are added. Moreover, it cannot be assumed 

that the 18" average lowering will apply uniformly; some areas 

will have less, and some more than 18" of lowering. Thus, the 

system, even if it works entirely as planned, cannot endure the 

nine year period that the DOE stated was required for testing 

and retrieval. 

44. In the latest report it is said that clearance of 11 1 

4" is required (Report at 3-1, Aug. 1991). At present the roof 

height is approximately 13'. The support system reduces 

clearance by at least 18" by reason of the protruding roof 

bolts; thus, the initial clearance becomes 11' 6". The available 

2 11 of additional clearance will disappear in one year under the 

DOE's own "working assumptions for room closure" in the report 

concerning the support system. At that time the waste bins 

would not be retrievable, because equipment could not get access 

to them. Note too that the support system itself allows only 

11' 6 11 of clearance immediately after installation, and those 

critical two inches are almost certain to be lost to floor heave 

and roof closure combined. 

45. Another problem with clearance arises from the lacing 

system placed between the channels. This system is designed to 
' 

be flexible, but because of the number of rock bolts installed 
brLA-k... 

and to be installed, the roof beam will probably~J;&- into 
. ~ 

pieces, which must be supported by the lacing. I know of no way 

to calculate the extent to which the stretched lacing, and 

progressive closure, would interfere with essential access. In 

17 
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some Canadian mines I have observed such lacing overloaded with 

broken rock protruding as much as 18" into the room. It cannot 

be assumed that this will not occur at the WIPP. 

46. There is a further difficulty with the manner in which 

the proposed support system impairs the warning of roof failure. 

The expert panel was advised by Westinghouse that six months 

would be required to remove the waste bins, in an emergency. I 

do not believe that it is possible to predict the occurrence of 

rock falls with precision in the circumstances anticipated. In 

unsupported areas there will normally be evidence of 

acceleration of closure some months before a roof fall. But the 

situation is different after a roofbolt system is installed. 

Roof support systems can mask the accelerated movement which 
Ji' 

serves as a warning signal. At the Cayuga Salt Mine, for 

example, such masking made it difficult to predict time of 

failure. Instead of acceleration, the closure simply maintained 

a steady rate until something became overloaded, and the roof 

fell suddenly. The proposed support system will probably have 

the same effect at the WIPP. 

47. In my professional opinion it is not prudent to assume 

that the roof of Room 1, Panel 1, will escape failure or 

imminent failure before the end of the required test period, and 

it is apparent that the required headroom will be lost before 

the end of one year from this date. In light of the 

availability of more economical alternatives, such as the 

creation of new test rooms or the conduct of tests at another 

18 
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location, I consider it imprudent to conduct the tests at the 

WIPP in Room 1, Panel 1, even equipped with the proposed 

supplementary support system. 

FURTHER AFFIANT SAYETH NOT 

JACK PARKER 

SUBSCRIBED AND SWORN TO before me on this ~ day of 

October, 1991. 

MY COMMISSION EXPIRES: 

3 -e). <6- 9 f 
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PHONE 908·158!5-!544!1 

OR 908·1511!5·!53154 

JACK PARKER AND ASSOCIATES, INC. 
ROCK MECHANICS • MINING • GEOLOGY 

WHITE PINE. MICHIGAN 49971 

JACK PARKER 

RESUME 

1. Born 1930, in England. Naturalized in U.S.A. 1974. 

2. EXPERIENCE: 

a) Since 1971, Self-Employed. A consultant in rock mechanics, mining 
and geology. The work requires a practical understanding of the pro
perties and behaviour of rocks in place - and what to do about them. 

Some are one-time, trouble-shooting projects; others are on-going, 
with regular inspections and reports. 

Most jobs begin with a rock stability problem, then a telephone call, 
a visit, and a remedy, followed by further cooperation to ensure that 
other rock-related problems do not get out of hand. 

The work involves design of underground mining methods and layouts, 
including consideration of roof, floor, pillars and supports. Much 

BOX465 

of the information needed is gained from observations, and by pro
jection from similar circumstances in other mines. Simple, low-cost 
instrumentation is used at some mines for further evaluation. The 
emphasis is on practical approaches to problems and practical solutions. 

Expert witness in several law cases. 

Assisted in teaching rock mechanics seminars at Michigan Tech, U of 
Nevada at Reno, U of Missouri at Rolla, U. of Missouri at Kansas City, 
and at Cambrian College, Sudbury, Ontario. 

At the request of industry many seminars stressing the practical 
aspects of rock mechanics have been presented at White Pine, Michigan; 
Beckley, W. Va.; Kansas City, and at several mining properties. 

Initially taught rock mechanics and rock fragmentation part-time at 
Michigan Tech. 

·. 
The attached list of clients, past and present, illustrates the 
variety of mines, minerals, locations and companies served. 

b) 1961 - 1971, 10 years at the White Pine Copper Mine, White Pine, 
Michigan. 

First year as a mine foreman, on underground development. 



Two years as research engineer, on drilling, blasting, bolting, etc. 

Seven years ~s Director of Rock Mechanics, with 3 engineers and 10 
technicians. Dealing with mining methods, mining layouts and mine 
stability. 

Some part-time teaching at Michigan Tech. 

c) 1961, One year with R. L. Loofbourow, Mining Consultant, in 
Minneapolis. 

d) 1954 - 1961, At Michigan Tech. Four years on BS degre•s, followed 
by 3 years on MS plus teaching in Geology Dept. Worked during vaca
tions at mines in Ontario and Quebec. 

e) 1953 - 1954. Migrated to Canada. Worked as engineer/surveyor 
on mine development projects on Hudson's Bay, at Sudbury, Bancroft, 
Haileybury and North Bay, Ontario. 

f) 1946 - 1953, Worked in coal mines in England. First as office 
boy, then 6 years in surveying/engineering/planning at a group of 
four mines, under the National Coal Board. 

3. EDUCATION: 

High School in England 

Night school and part-time day school in England, under National Coal 
Board education scheme. 

1954, to Michigan Tech. 

1958, BS Geological Engineering 
BS Mining Engineering 

1960, MS Geology 

Gradepoint average 3.75/4.00 
Position in class 4/384 

4. PUBLICATIONS AND AWARDS: 

4.1: Parker and Scott, Instrumentation of Room-and-Pillar Workings, 
Proceedings 6th Sympbsium on Rock Mechanics, Rolla, Missouri -
1964. 

4.2: Cummings and Parker, The White Pine Hydraulic Cell, Proceedings 
6th Symposium on Rock Mechanics, Rolla, Missouri, 1964. 

· 4.3: Parker, The White Pine Sagmeter, E/MJ - May 1965. 

4.4: Scott, Michels and Parker, The Role of Rock Mechanics in Mine 
Opening Stability, National Council Newsletter - March 1966. 



4.5: Garfield and Parker, Rock Mechanics, An Operations Tool at 
White Pine, Min Cong Journ - June 1966. 

4.6: Parker, How Moisture Affects Mine Openings, E/MJ - November 
1966. 

4.7: Parker, Mining in a Lateral Stress Field at White Pine, Can. 
I.M.M. Trans. v LXIX 1966. 

4.8: Barrientos and Parker, Use of the Pressure Arch in Mine Design 
AIME preprint 69-AM-369, September 1969, SME Transactions, 
September 1974. S.M.E. Robert Peele award for "significant 
achievement in authorship in the fields of Mining & Exploration, 
1975". 

4.9: Agapito and Parker, Development of a Better Rockholt Assembly 
at White Pine, AIME Annual Meeting, Denver - February 1970. 

4.10: Parker, Temperatures and Humidity Affect Strength of Rock 
Structures at White Pine, SME Transactions - June 1970. 

4.11: Caverson and Parker, Roofbolts Hold Best With Resin, Mining 
Eng. May 1971 

4.12: Parker, Practical Rock Mechanics for Miners. A series of 
seven articles in E/MJ, beginning June 1973. 

4.13: The First Copper Miners in Michigan, Compressed Air magazine, 
January 1975. 

4.14: Petersen, Plumeau and Parker, Yielding Pillars and Pressure 
Arches at Cayuga Rock Salt Mine, SME Preprint - Keystone, 
June 1977, also EM/J May 1979. 

AIME Award for Outstanding Contributions in Rock Mechanics, 
in yield pillar and arch design. 1981. 

4.15: Parker, Pillar Design - Problems or Opportunities? 1st Int. 
Conf. on Stability in Underground Mining, Vancouver. August 1982. 



A partial list of clients: 

1. Allied C~emical, Wyoming (Trena) 
2. Amax, Mich, N Mex, Wyo, (Copper, Potash, Trena) 
3. American Electric Power, Utah (Coal) 
4. Anaconda, Montana (Copper) 
5. Black River Mining, Kentucky (Limestone) 
6. Boatmens Bank, KC (Limestone) 
7. Boone Quarries, Columbia, MO (Limestone) 
8. Canadian Rock Salt, Ontario and Nova Scotia 
9. Cargill Salti Louisiana and New York 

10. Celtite, Ohio (Roofbolting Resin) 
11. Cliffs Engineering, Colorado (Nahcolite) 
12. Commercial Distribution, Kansas City (Underground Space) 
13. Continental Minerals, Nevada (Talc) 
14. Dickenson Red Lake, Ontario (Gold) 
15. Domtar Minerals, Canada, Michigan (Gypsum) Louisiana(Rock Salt) 
16. Dravo, Kentucky (Limestone) 
17. Earth Sciences, Inc., New Mex (Uranium) 
18. East Malartic, Quebec (Gold) 
19. Environment One, Maine (Mine Fire Detection) 
20. Exxon, Wyoming (Uranium) 
21. Fairmount Development, KC (Underground Devel~pment) 
22. Garney Companies - KC Quarries, KC 
23. Geneva-Pacific, Alaska (Copper) 
24. Grasis Corp, KC (Underground Space) 
25. Great Midwest, KC (Underground Space) 
26. Inland Steel Coal, Illinois 
27. Inland Storage Distribution, KC (Underground Space) now Americold 
28. International Salt, Ohio, New York (Rocksalt) 
29. Kemmerer Coal, Wyoming 
30. Kerr McGee, Illinois, New Mex (Coal, Potash) 
31. Kimberley Clark, Mich. (mineral leases) 
32. Lone Star Cement, W.Va (limestone) 
33. Louisiana Land, Mich (Copper) 
34. Louisville Crushed Stone, KY (Underground Space & Limestone Mining) 
35. Macassa Mines, Ontario (Gold) 
36. Maple Meadow, W.Va. (Coal) 
37. Marley Engineering, KC (Underground Space) 
38. Missouri Limestone Co., MO 
39. Monterey Coal, W. Va. and Illinois 
40. Morton Salt, Louisiana,. Ohio (Rocksalt) 
41. National Park Services, Utah (Tunnel Stability) 
42. Noranda Mines Ltd., Quebec (Gold) 
43. Ozark Lead, Missouri (Lead, Zinc) 
44. Parsons-Jurden, Idaho (Vanadium) 
45. Pfizer, Inc., Nevada, California (Talc, Limestone) 
46. Reocin Mines, Spain (Zinc, Lead) 
47. Riverside Cement, California (Limestone) 
48. Soiltest, Inc., Illinois (Instrumentation) 
49. S.E. Public Services, KC, KS (Underground Space) 
50. Southern Utah Fuel (Coal) 
51. Stoneco, Indiana, Ohio (Limestone) 
52. Texasgulf, Wyoming, Nebraska (Trona, Limestone) 



53. 3M, Minnesota (Roof Support Systems) 
54. Timna Mines, Israel (Copper) 
55. · Underground Developers Associates, KC 
56. Unisil, Minn and Wis (Silica) 
57. US Bureau of Mines - numerous projects 
58. US Steel, W. VA (Coal) 
59. Unocal, Colorado (Underground Oil·Shale) 
60. UV Industries, N. Mex (Copper, Zinc) 
61. Westinghouse, Colorado (Instrumentation) 
62. Westroc, Ontario, Manitoba (Gypsum) 
63. White Pine Copper Co, Mich (Copper) 
64. Wilroy Mines, Ontario (Copper, Zinc, Lead) Quebec (Gold) 
65. Winchester Center, KC (Underground Space) 
66. Yava Mines, Nova Scotia (Lead) 
67. Calmat Corp CA (Aggregates) 
68. Bardon-Trimount, Mass (Crushed rock) 
69. Cyprus Mines, CO, WY, PA (Coal) 
70. Rogers Group, TN (Limestone) 
71. American Mine Services, WI (Copper-gold) 
72. Holland Quarries, KC, MO - (Limestone) 
73. ASARCO, TN (Zinc) 
74. Griesemer Quarries - Springfield, MO (Limestone) 
75. WIPP (Waste Isolation Pilot Project) New Mexico 

A major project with the U.S. Bureau of Mines involved the practical 
aspects of roof control, primarily resin bolting. It has included 
visits to about 40 coal mines in the United States, France and England, 
to study roof support problems and solutions. The outcome was a 
practical handbook on the design of resin bolting systems. 
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EXECUTIVE SUMMARY 

An evaluation of the effective life of underground rooms in Pariel 1 of the waste 
storage area of the Waste Isolation Pilot Plant (WIPP) was performed during April 
1991 -bY a panel of geotechnical experts. The evaluation addressed concerns 
regarding WIPP's ability to complete a test program proposed for Panel 1. This 
program currently requires bins containing controlled quantities af contact
handled (CH) transuranic (TRU) radioactive waste to be placed in rooms in the 
panel. The bins will be monitored to obtain data on the potential generation of 
gases from the degradation of wastes emplaced in the WIPP underground facility. 
The purpose of the evaluation was (1) to provide an estimate of the life expec
tancy of the rooms in Panel l; and (2) if necessary, to recommend additional 
remedial actions that would improve the longevity of Panel 1 rooms to allow the 
testing to be successfully completed. 

Panel 1, the first panel to be mined in the waste storage area, was developed to 
receive waste for a demonstration phase that was scheduled to start in October 
1988. Mining of the panel began during the second half of 1986 and was completed 
to final dimensions in June 1988. The original plan was to store drums of CH TRU 
waste in rooms for a period of 5 years. The demonstration phase was changed to 
an experimental program that will use CH TRU waste in bin scale tests which will 
be located in Panel 1. For the purposes of this report, a nine-year test period 
beginning July, 1991, was assumed to be necessary to complete these bin scale 
tests. 

The panel members were able to reach positions that were reasonably consistent. 
They agreed on the qualitative mechanisms identified as the principal causes of 
the failures found in the roof of excavations in the WIPP underground test areas 
and established that similar fracture development could be expected in other WIPP 
underground areas. They conclud~~ that if no additional remedial measures are 
taken, the rooms in the panel are likely to have a total life from seven to 
eleven years from the time of excavation using the currently installed roof sup
port system, consisting of rockbolts. They indicated that the rockbolts had some 
beneficial effects, but agreed that it was not possible to measure their effec
tiveness. Estimates made by individual panel members of room life extension due 
to the bolting varied from a few months to several years. In conclusion, the 
panel believed that modifications, enhancements, and regular maintenance would 
be required for the rooms in Panel 1 to perform satisfactorily over the assumed 
nine-year test period starting July 1991. 

The panel indicated that techniques were available that would extend the life 
of the rooms to varying degrees. They indicated that the rooms were currently 
stable but added that continuous access into the rooms would probably require 
remedial measures of some kind during the test period, and these measures should 
be undertaken. Techniques currently used in mining that would improve conditions 
were suggested by the panel members and included the following: 

• The use of full column resin or resin anchored bolts. 

• Grout anchored cables·with loops, lace, and mesh covering the roof to 
contain and control roof rock failure. 

• Relief of the lateral stresses to prevent roof and floor failures by 
slotting and/or relief entries. 
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• Yielding support. 

• Rely on currently installed support and upgrade when necessary, based 
on the results of the geomechanical monitoring program. 

• Roof trusses. 

• Drive new rooms through existing pillars in Panel I. 

The panel recommended that the project evaluate these alternatives and determine 
which would be the most effective for improving ground conditions in the waste 
storage area for the period of the bin scale tests. 

The panel members also stated that the geomechanical monitoring program currently 
in place at the site was satisfactory and would provide adequate warning of 
deteriorating conditions in the underground. They did suggest that additional 
instrumentation should be installed to provide an even stronger monitoring pro
gram, and they were satisfied with the revised geomechanical instrumentation 
proposed by project personnel at the second meeting. Installation of this equip
ment was initiated in May 1991. . 

The measures reconmended by the panel constitute a series of positive actions 
that should extend the life of the rooms in the panel to the required total of 
14 years. The geomechanical instrumentation program and the understanding de
rived from the test areas of the facility will be used to alert project personnel 
to changing conditions to allow the remediation and stabilization activities to 
be undertaken as needed during the testing program. · 

In summary, the panel agreed that measures could be taken in Panel 1 that would 
give a reasonable assurance that the bin scale tests could be carried out to com
pletion. The panel members suggested a number of alternative actions that could 
be taken. They recommended that the WIPP project evaluate the alternatives and 
select one, or a combination, of the measures that would assure continued use of 
the rooms over the period of the tests. They also indicated that these addi
tional measures should be augmented by an enhanced monitoring program that would 
regularly assess the geomechanical conditions and that maintenance should be 
carried out as a routine activity in the rooms as they aged. 
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1.0 INTRODUCTION 

An evaluation of the effective life of underground rooms in Panell of the waste 
storage area of the WIPP was performed during April 1991 by a panel of geotech
nical experts. The evaluation addressed concerns regarding WIPP's ability to 
complete· a test program proposed for Panel 1. This program currently requires 
bins containing controlled quantities of CH TRU radioactive waste to be placed 
in the rooms. The bins will be monitored to obtain data on the potential gene
ration of gases from the degradation of wastes emplaced in the WIPP underground 
facility. The purpose of the evaluation was (1) to provide an estimate of the 
life expectancy of the rooms in Panell; and (2) if necessary, to recommend 
additional actions that would improve the longevity of Panel 1 rooms so that the 
testing could be successfully completed. 

The Waste Isolation Division (WID) formed a panel of experts to provide an 
independent assessment of the projected useful life of rooms in Panel 1 at WIPP 
and to provide advice on ground control measures. This group of eleven experts 
made a preliminary assessment of the stability of the Panel 1 rooms, especially 
Room 1. This report describes the process by which the panel of geotechnical 
consultants arrived at an evaluation of life expectancy of the rooms in Panel 1 
and presents the findings of the panel. 

The panel met twice as a group. The first meeting took place on April 9 - 10, 
1991, in Carlsbad, New Mexico. At this meeting, geotechnical information was 
presented to the panel by project personnel, and panel members toured the WIPP 
underground. The panel members were then given seven days to review the infor
mation and submit a draft report based on a series of prepared statements 
provided to them. The panel reconvened in Carlsbad on April 23 - 24, 1991, at 
which time the individual panel members made presentations that summarized their 
views. At the conclusion of the meeting, a consensus was reached, which is in
cluded in this report. 

The panel members concluded that if no additional remedial measures are taken, 
the rooms in the panel are likely to have a total life of seven to eleven years 
from the time of excavation using the currently installed roof support system, 
consisting of rockbolts. Mining of Room 1, Panel 1 began during the second half 
of 1986. Therefore, the remaining life of this room is anticipated to be between 
two and six years. However, the panel agreed that measures could be taken in 
Panel 1 that would give a reasonable assurance that the bin scale tests could be 
carried out to completion. The panel members suggested a number of alternative 
actions that could be taken. They recommended that the WIPP project evaluate the 
alternatives and select one, or a combination, of the measures that would assure 
continued use of the rooms over tpe period of the tests. They also indicated 
that the measures should be augmented by a monitoring program that would regu-
1 arly assess the geomechanical conditions and that maintenance should be carried 
out as a routine activity in the rooms as they aged. 

1.1 CHARTER FOR THE PANEL ON GEOTECHNICAL STABILITY OF PANEL ONE 

Prior to the selection of the geotechnical experts to evaluate the stability of 
Panel 1, a charter was established that defined (1) the scope of work for the 
geotechnical panel; and (2) the tasks that were to be accomplished. The charter 
is as follows: 
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Purpose 

The purpose of the Panel on Geotechnical Stability is to establi~h a position 
regarding the anticipated useful life of the rooms in Panel 1 of the waste 
storage area. 

Scope 

The scope of the activities for the panel is the review of current and historical 
geotechnical data and observations from the WIPP underground. Based on this 
review the requirements for maintaining the Panel 1 rooms will be evaluated to 
enable the successful completion of the Bin Scale Test Program. 

Document Review 

The panel members will review existing documentation of the geomechanical per
formance of the WIPP underground openings~ This documentation will be made 
available prior to the site visit. 

Underground Evaluation 

An inspection of the underground excavations will be conducted in order to famil
iarize the members of the panel with the existing conditions of the openings, the 
roof support system currently in use, and the repository stratigraphy. 

Questions to be Addressed 

The members of the panel will combine the results of the document review and 
underground evaluation to develop a technical position on the future performance 
of the waste storage panel. This position will specifically address the fol
lowing questions: 

• What is the useful life span of the storage rooms as they are currently 
configured? 

• Is the current roof support system adequate for the term of the Bin 
Scale Tests? 

• If the current system is not adequate, what type of roof support system 
should be installed? 

These questions were formulated into five statements that were presented to the 
panel members and were addressed ~Y each panel member. 

1.2 BACKGROUND 

1.2.1 Panel 1 

Panel 1 was the first panel to be mined in the waste storage area. The Panel 
entry in Sl950, Room 1, and parts of Rooms 2 and 3 were excavated during the 
second half of 1986 and the first 3 months of 1987. Mining restarted in January 
1988, and the panel excavation was completed to final dimensions in June 1988. 

The original design for the waste storage rooms at the WIPP provided a limited 
period of time during which to mine the openings and to emplace waste. Each 
panel, consisting of seven storage rooms, was scheduled to be mined and filled 
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in less than five years, before being sealed. Field studies, as part of the Site 
and Preliminary Design Validation (SPOV) Program, showed that unsupported open
ings of a typical storage room configuration would remain stable and that creep 
closure would not impact equipment clearances during at least a five year period 
following excavation. The information from these studies provided the validation 
of the design of -openings for the permanent disposal of waste under routine 
operations. 

Panel 1 was developed to receive waste for a demonstration phase that was sched
uled to start in October 1988. Although rockbolt support was installed in 
Panel 1 in 1988, the rockbolt design was based upon the requirements for the 
demonstration program in place prior to 1988. The original plan consisted of 
the storage of drums of CH TRU waste in rooms for a period of 5 years. During 
this time and irrunediately following it, the rooms were to be inaccessible, but 
the option to reenter was to be maintained so that the waste could be removed, 
if .required. To assist with the possible reentry, ten-foot rockbolts were 
installed in all rooms to enhance roof stability. 

The demonstrat 1 on phase was deferred and an experimenta 1 program that uses CH TRU 
waste in bin scale tests is now planned for Panel 1. The decision to use Room 1 
of Panel 1 for these bin scale tests was made in June 1989 and was based on waste 
receipt in 1990. Further delays to the test program have currently revised the 
date for waste receipt to July 1991. For planning purposes and this report, on 
the order of nine additional years of useful life are required for the test rooms 
in Panel 1. This is the projected time, including a one year allowance to re~ 
fleet uncertainties, required to initiate, conduct, and retrieve test bins for 
the bin scale tests. The current test program requires much greater access into 
the rooms, leading to more stringent requirements for roof stability. 

1.2.2 SPOV Test Rooms 

A significant part of the basis for this assessment is the geomechanical per
formance of the four SPDV Test Rooms that were mined in 1983 and additional data 
gathered from instruments installed in drifts and rooms of Panel 1 itself. The 
SPOV Test Rooms were instrumented and monitored for rock movement and creep 
closure over successive years since excavation. This monitoring program vali
dated the use of rooms of this geometric configuration for emplacement of waste 
in the storage areas. 

At eight years after mining, a roof fall occurred in SPOV Test Room 1. Roof 
deterioration was first observed and commented upon more than two years before 
this fall. As the excavation aged, the potential for roof collapse in the room 
was reassessed several times. About fifteen months prior to the failure, an 
estimate of the size and timing of the fall was made. The size estimate proved 
reasonably accurate. However, the time of the fall was predicted for the summer 
of 1990, and tfie actual fall occurred in February 1991. 

SPOV Test Room 4, which was mined at the same time as the remaining test rooms, 
has not undergone the same degree of deterioration and is still open for daily 
access. This room is rock bolted and geomechanical conditions are regularly 
checked. There are no indications that this room will be closed in the immediate 
future. The differences between the performance of SPOV Test Rooms 1 and 4 indi
cate the significant variations that can occur in the effective life of rooms 
excavated in very similar geologic conditions. The differences may be caused by 
geologic variations across the site or exposure to different stress histories. 
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2.0 QUALIFICATIONS OF PANEL MEMBERS 

A primary consideration in the selection of panel members was to:include tech
nical personnel who have hands-on professional experience in, or who have 
provided consulting services to, evaporite mines at depths in excess of 2000 
feet. It was anticipated that these experts would {l) have knowledge and 
practical experience of the strata movements that develop at the WIPP; and 
( 2) reconvnend measures that might be used to a 11 evi ate deteriorating ground 
conditions. In addition, experts with a general background in rock mechanics 
were selected to provide expertise in engineering, geology, and numerical 
analyses. 

The following general criteria were used in selecting the panel members: 

• Academic and industrial experience in rock mechanics 

• Experience designing and monitoring excavations in deep evaporite strata 

• Experience mining in the Carlsbad Potash Basin 

• Experience in the investigation or design of roof support systems 

• Experience with numerical analyses 

The specific qualifications of individuals for their selection as members of the 
geotechnical panel are as follows: 

Dr. George Gri swo 1 d is an independent consultant based in Albuquerque, New 
Mexico. Formerly, he was head of the Mining and Geological Engineering Depart
ment at the New Mexico Institute of Mining and Technology. He has been involved 
with the WIPP project since 1977, when he was associated with the initial geolog
ical investigations for the site while working for Sandia National Laboratories. 
As an independent consultant, he has also carried out assignments for the 
Environmental Evaluation Group (EEG) that has an oversight role for the WIPP 
Project. 

Dr. Ian Fanner is the chairman of Farmer and Partners, a geotechnical engineering 
company based in Newcastle, England. Formerly, he was head of the Mining and 
Geological Engineering Department at the University of Arizona. He is the author 
of several books on rock mechanics and engineering geology and has published over 
one hundred technical papers in these fields. Dr. Farmer has carried out re
search projects related to the time dependent constitutive relationships for salt 
rocks, the mechanical performance bf full column resin anchored rockbolts, field 
instrumentation, and roof support systems. 

Mr. Tony Iannacchione is the supervisor of the Rock Mechanics Group at the U.S. 
Bureau of Mines, Pittsburgh Research Center. He has conducted research on mining 
related problems for over 16 years and is the author of over 35 technical papers 
on the subject. Currently, he is responsible for managing research projects con
cerned with the design and reinforcement of pillars, rock mass characterization, 
rock burst control, mine-wide monitoring, and rockfill characterization. He has 
also had considerable experience evaluating gas outbursts within Louisiana and 
New Mexico salt and potash mines. 
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Dr. Steohen McKinnon is a geotechnical engineering consultant working for the 
Itasca Consulting Group, based in Minneapolis, Minnesota. Previously, he was the 
head of the Mine Design Section at the Chamber of Mines Research Organization in 
South Africa. While in South Africa, he investigated various mine· collapses and 
made recommendations on remedial actions and monitoring programs to predict field 
conditions. Or. McKinnon is presently involved in numerical modelling and field 
studies for Itasca. 

Dr. Hamish Miller is the principal of International Mining Services, Inc., based 
in Vancouver, Canada. Previously, he was Professor of Mining at the University 
of British Columbia. His main field of research was concerned with the design 
and stability of excavations in salt and potash mines. In addition to six years 
in the deep, hard rock mines in South Africa, Dr. Miller has spend more than 15 
years as a consultant to the salt and potash industries in the USA, Britain, and 
Canada. During this time he analyzed, in detail, field data from nine evaporite 
mines. Dr. Miller was a member of the peer review panel for the Design Vali
dation Final Report for the WIPP Project prepared by the Architect/Engineer, 
Bechtel. 

Dr. Parviz Mottahed is the head of the Mining Technology Section at the Canada 
Center for Mineral and Energy Technology, based in Elliot Lake, Canada. Pre
viously, he was the head of the Earth Sciences and Mining Department for the 
Potash Corporation of Saskatchewan, where he provided technical services in the 
fields of rock mechanics, geology, and geophysics to four potash mines. He has 
published over twenty papers in the. fields of rock mechanics and mine design in 
potash and gypsum rocks. 

Mr. Jack Parker is the principal of Jack Parker and Associates, based in White 
Pine, Michigan. His qualifications include 45 years working in and around mines, 
with the last 20 years as a consultant working primarily on mine design and 
ground control problems. He has worked in many mines, including 11 salt mines, 
2 trona mines, 3 potash mines and 3 gypsum mines. Mr. Parker has published a 
series of papers describing the practical aspects of rock mechanics for the 
miner. 

Dr. Bill Thomoson is a senior scientist specializing in geotechnical problems for 
SAIC based in Golden, Colorado. Previously, he was an Associate Professor at the 
University of Texas, Austin. He acted as a consultant to D'Appolonia Consulting 
Engineers for the WIPP project during the early site investigation phase. He has 
worked in salt and potash mechanics and mine stability for over 20 years, per
formed laboratory and field experiments for a gas storage feasibility study in 
England, evaluated solution cavity development and stability, and investigated 
crushed salt behavior for the sealing of a high level nuclear waste repository. 
He is presently involved in a majbr project evaluating mine flooding and sta
bility in a potash mine in Saskatchewan, Canada. Dr. Thompson has published a 
number of papers on rock mechanics. 

Mr. Tod Burrington is the Manager of the Advanced Repository and Technology 
Department at the WIPP for the Managing and Operating Contractor, Westinghouse, 

f·1 during ~hich time he has held the position of Manager of Mining Engineering. 
' Dr. Roy Cook is the Manager of the Geotechnical Engineering Section at the WIPP 

for the Managing and Operating Contractor, Westinghouse. He has worked on 
the WIPP project for 4 years. Formerly, he was with the high level nuclear 
waste program studying potential sites for a repository in salt. He also has 
experience with mining in deep evaporite deposits. 
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Dr. Joe Tillerson is the supervisor for the Rock Mechanics, and the Plugging and 
Sealing ~roups for the WIPP Project for Sandia National laboratories, based in 
Albuquerque, New Mexico. Previously, he worked in the rock mec~nics program 
on the site investigations for a high level nuclear waste repository at Yucca 
Mountain in Nevada. He has published papers and reports on nuclear waste 

r~ repository design and the creep behavior of underground openings in salt. 
i 

., . : ~: 
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3.0 TECHNICAL STATEMENTS 

Five technical statements prepared by the Managing and Operating Contractor, 
Westinghouse, were provided to the panel members at the start of the first 
meeting in Carlsbad. The purpose of the statements was to focus the attention 
of the panel members on specific technical questions related to the overall issue 
of life expectancy of rooms excavated in the first waste storage panel at the 
WIPP. Each panel member was requested to respond to these statements indi
vidually. Assumptions, and the factors to be addressed were provided for each 
statement. The statements, assumptions, and factors were expected to undergo 
modifications as the meetings progressed in order to be more effective in 
addressing the issue under consideration. Although modifications were made 
during the meetings, they did not change the underlying intent of the statements. 

The final statements are given in Table 1. Changes from the original are in
cluded. Additions are shown in bold type and deletions have been lined through. 

The purpose of the first statement was to establish an estimate for the period 
of time that rooms designed for waste storage could be expected to remain acces
sible on a daily basis. Since actual performance depends on the extent to which 
the room is supported and maintained on a regular basis, a series of different 
cases relating to support and maintenance were to be addressed. The panel 
members were also asked to provide upper and lower bounds for their estimates, 
and to address the question of uncertainty in their responses. 

The second statement addressed the effectiveness of the rockbolt system currently 
installed in Panel 1. The panel members were requested to evaluate the assump
tions used in the design and to consider the adequacy of the safety factor for 
the overall system. 

The third statement considered the uncertainties associated with the design 
of structures in rock. The panel members were asked to address the design 
approaches currently used in mining. 

The purpose of the fourth statement was to provide modifications that could 
enhance the performance of the rooms in Panel 1 such that the bin scale tests 
could be successfully completed. The panel members were requested to propose 
alternative support systems and to recommend maintenance activities that would 
keep the rooms open. 

The fifth statement addressed the adequacy of the geomechanical monitoring in the 
underground facility and, in particular, its ability to provide early warning of 
deteriorating conditions in the rooms of Panel 1. 
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STATEMENTS FOR CONSIDERATION BY GEOTECHNICAL PANEL 

ASSUMPTIONS FACTORS TO BE ADDRESSED 
STATEMENT 

1. An esllmale can be established for lhe 1. Room helghl on July 1, 1991, 1. The ablllly ol lhe Panel lo address Slalemenl 1 
period ol llme lhal Panel 1, In particular 13.5 feel and minimum room based on lhe avalable lnlormallon. 
Room 1 remains accessible on a dally basis helghl needed 10 suppon 
beyond July 1991. (Revision 1) equipment clearances, 10.0 2. Besl esllmale for life of Room 1. 

feel. · 
The following cases should be considered: 3. Lower and upper bound esllmales for lhe life of 

2. Room lnlllaUy excavated In Room 1. 
• Ne JRalRl&RaRee In l8FfR6 el ieallng el July/ August 1986 . 

feel, lflilllng el law eJ ln&lallalleA 81 4. Levels of uncertainly assoclaled wllh eslimales. 
addilleRal suppefl, 3. F•ll• of lumps of roof or 

Llmlled maintenance wilhoul moving 
aide wall rock that might 5. Reasons for lhe levels ol uncertainly. 

• damage blna or lnatrumenla 
bins. should be prevented. 6. Addillonal Information that would be needed to 

• Extensive malnlenahce on an as re-
Improve eatimatea. 

quired basis, wllh bins removed from 7. Polential pillar (aide wall) apalllng. 
room, tf necessary during maintenance 
acllvhles. 

2. The rockboll system as currenlly con- 1. The lesl program will slart In 1. The affecl lhal lhe changes associated wilh lhe lesl 
figured, Is sufflclenlly effective lo ensure July 1991. program have on support requlremenls for 
lhal lhe lesl program In Panel 1, In Room 1, Panel 1. 
particular Room 1 can be compleled. 2. lhe le&I pFegFam will be 
(Revision 1) GeFRpieled In July 100&, 2. The rock load lo be supported is approxlmalely lhe 

full weight of lhe roof beam up lo lhe anyhydrlle 
3. Relflei.ial IFOFR ROOffl 1 GaR be "b" layer In lhe middle lhlrd of lhe span, and half 

aaeeJRplMihed belWeeR July this welghl over the outer lwo thirds. 
1 OOi afld July 1001, 

3. The adequacy ol lhe factor of safety ol the bolling 
4. The bins CANNOT be syslem used In Room 1, Panel 1 lo support the 

disconnected and moved to design rock load. 
facllllate maintenance ol the 
rooms. 4. The salt above lhe anhydrite "b" wUI remain 

competent . 
5. The teat program Including 

relrleval will be compleled 5. Slippage of anchors provides an acceplable ap-
by July 2000. proach to s~pportlng the rock load while accom-

modallng roof closure, wllh dally access to lhe 
room. 

6. The mechanism by which the boll anchors will 
accommodate the movement of the salt while 
supporting the immediate roof beam 
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STATEMENT 

3. The level of confidence that can be placed 
In the estlmale ol lhe Ille for Panel 1 
provided In lhe response 10 Stalemenl 1 Is 
In accordance with accepled mining 
practices. (Revt&lon 0) 

4 

4. Modifications to lhe suppon syslem In 
Panel 1 can be Implemented lo ensure lhal 
access Is maintained lo the rooms on a 
dally basis until the tests are completed. 
(Revision 0) 

5. The geomechanlcal monitoring program 
and the routine observalions in Panel 1, can 
provide suHlclent warning lo allow the 
limely retrieval of lhe waste from the Panel. 
(Revision 0) 

..-~ 

ASSUMPTIONS 

1. In an emergency, all wasle 
can be removed from the 
room within a 6 month 
period. 

~ ----~ 

FACTORS TO BE ADDRESSED. 

1. The extenl lo which a probabilistic basis for 
delermlnlng risk assessmenl Is presently applied In 
mining. 

2. The qualilallve nature of geologic Information. 

3. The extenl lo which a dalabase or experience Is 
available In lhe mining lndUSlry from an operallons 
polnl of view 10 provide lhe meaningful judgements 
al lhe probability levels used In the nuclear Industry 
(I.e. probabllllles of less than 1 In 101

). This Is not 
10 be applied lo an assessment of lhe long term 
(10,000 year) performance of a repository. 

4. The adequacy of lhe geomechanlcal database 
developed al lhe WIPP and lhe methods currently 
In olace lo evaluate the oerformance of ooenlngs. 

1. The modifications and additions to the suppon 
system needed lo ensure the complellon of the 
lesls. 

2. The maintenance acllvilies that will be needed In 
lhe room. 

3. The need lo remove the cables for the bin scale 
lesls In order IO Install addilional support. 

1. The adequacy of lhe geomechanlcal database 
developed at the WIPP provides an adequate basis 
lo predict and provide earty warning of 
delerlorallng conditions In Room 1. 

2. The adequacy of lhe present geomechanical 
lnslrumenlatlon, lnslalled In Room 1 is adequate. ~o 
provide earty warning of deteriorating conditions. 

3. The adequacy of lhe proposed additional 
geomechanical inslrumentalion lo be Installed In 
Room 1 lo provide early warning ol delerioraling 
conditions. 

4. The crilerla lo delermine when removal of waste 
becomes necessary. 
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4.0 TECHNICAL MEETINGS 

The geotechnical panel met on ~wo occasions in April to evaluate the 1 ife 
expectancy of Panel 1. Both meetings were held in Carlsbad, New Mexico. Docu
mentation of the meeting is given in Appendix I. 

The first meeting was held on April 9, 1991, and was attended by the panel mem
bers and observers from various organizations associated with the WIPP Project. 
The purpose of this meeting was to provide an overview of the project to the 
panel members, to provide geomechanical data and its interpretation relating to 
the performance of the waste storage rooms, and to provide instructions to the 
panel concerning the process for resolving the technical issues. 

On April 10, 1991, the panel members and observers toured the WIPP underground, 
specifically visiting the SPOV Test Rooms and Panel 1 of the waste storage area. 
The SPOV Test Rooms were constructed to provide field data on the performance of 
excavations having dimensions similar to those in the waste storage areas and to 
provide the basis for evaluating the waste storage rooms. Following the under
ground tour, the panel met to discuss their observations, to establish additional 
data needs, and to receive instructions on the preparation and submission of 
draft reports. 

The panel members were requested to submit draft reports based on a series of 
prepared statements provided to the~ within a seven day period. These reports 
were summarized by project personnel to establish a draft consensus position for 
each statement that would be presented to the panel as a group at the second 
meeting. 

The second meeting was held in Carlsbad on April 23 - 24, 1991. All the panel 
members except for Mr. Jack Parker were present. The panel members presented 
their technical views. On the second day of the meeting, the draft consensus 
position was submitted to the group, discussions were held, and group responses 
were revised unt i 1 consensus was reached on the five statements. The fi na 1 
consensus position is given in Section 5. 

Following the meeting, the panel members were given the opportunity to revise 
their reports. Their final reports are included in Appendix II. 

The panel suggested that additional geotechnical instrumentation be installed to 
provide an even stronger monitoring program. Revised geomechanical instrumenta
tion was proposed by project personnel at the second meeting. These plans met 
with the approval of the panel members and are included in Appendix III. 
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5.0 . PANEL RESPONSES TO THE TECHNICAL STATEMENTS 

5.1 GENERAL COMMENTS 

The following general convnents were provided by individual panel members in their 
reports or in conversations: 

• Nobody invites me to go look at a nice mine. But this was an exception; 
I think that this was an unusually clean, safe operation, showing good 
workmanship. (J. Parker) 

• The best way to assess risk in a salt/potash mine is by making measure
ments • • . . WIPP has a good geomechanical database on which to base 
predictions of future behavior. (H. Miller) 

• The design of the openings in the waste storage area is satisfactory for 
the original purpose of emplacing waste for final disposal. The change 
in the intended use of the rooms in Panel 1, with the requirement that 
they last longer, is the reason that the support requirements for the 
rooms are being re-addressed (G. Griswold) 

• Standard mining practice in these (evaporite) materials is to use the 
mine itself as a test bed. Initial mine designs are based on experience 
elsewhere in similar materials but during its life the mine design is 
constantly tailored to local conditions. (W. Thompson) 

5.2 CONSENSUS PANEL RESPONSE 

The panel was able to reach a consensus on the responses to the five technical 
statements presented at the start of the panel evaluation. The responses agreed 
to by the panel members (J. Parker was in absentia) are provided in Table 2. 

01921 
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STATEMENT 

1. An estimate can be established 
for the period of lime that 
Panel 1, In partlclhr Room 1 
remains accessible on a daily 
basis beyond July 1991. 

2. The rockbolllng In Panel 1, as 
currenlly conllgured, Is 
sutticlenlly effective lo ensure 
that the lest program in Panel 
1 In particular Room 1 can be 
completed. 

3. The level of confidence &hat 
can be placed in the esllmale 
of &he lile for Panel 1 provided 
in &he response to Slatemenl t 
Is In accordance wllh accepled 
mining practices. 
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Table 2 

CONSENSUS RESPONSES TO STATEMENTS 

RESPONSES 

The panel expects wilh confidence (and by) using engineering judgement, a life ol seven lo eleven 
years from Room 1, Panel 1 with llmled maintenance as required. The panel expressed a high level of 
confidence for the lower bounds of room life expectancy, with confidence decreasing as room life 
Increases. The life of rooms In Panel 1 can be extended with an enhancement al the support If routine 
maintenance Is carried our, as required. · 

NOTES: 

• The panel feels lhal lhe precise effects ol rockbolling cannot al this stage be established wilh any 
degree of confidence. II Is recommended that a study of the effectiveness of rockbolllng al the 
WIPP facMily be undertaken. 

• The stress hlslory (sequence of mining) of the different rooms In Panel 1 should be taken lnlo 
account In assessing the expected room life. 

• The r~m Iii~ can be eX1ended Indefinitely, but lhis would be complicated and costly and require 
ongoang ma1111enance. 

• Other rooms In Panel 1 which are younger also have a total life expectancy of seven years wllh a 
high level ol confidence without additional support. These rooms, as Is, would support a longer lest 
period than Room 1 because they are younaer. 

The rockbolling In Panel 1, as currenlly configured, provides no guarantee that a lest plan lhal may 
extend for a nine year period can be completed. 

Panel 1 rooms are expecled lo provide a lotal life ol seven years (up lo eleven years with decreasing 
confidence) wilhoul modifications. · 

The maximum &esl period (nine years) requiring a lolal life of fourteen years may be accomplished In 
Panel 1 if suggested enhancements for support and maintenance work (detailed In response to 
Slalemenl 4) are enacled. 

Formal ProbabMi&y Risk Assessments are nol used In evaporite mine design. Field measurernenls, 
01mralional experience, and modeling are routinely Incorporated into designs lo ettecl an informal 
probabilislic level of co11fklence. 

The success of projecling the data from SPDV Tesl Rooms lo Panel 1 ls very good due lo the 
uniformily of geology. However, minor changes In geology can change future predicllons of life. 

Probabilily eslimales in &he order of 1 in 10• of operational behavior are lolally unrealislic in a geologic 
environment 

The risk assessmenl in mining is based on 

• Opernlio11al experie11ce 
• Delor111alio11 meas111 e111c111 

• Modeling 
• Geolooic M<mPinu 
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STATEMENT 

4. Modifications to the support 
system In Panel 1 can be 
implemented to ensure that 
access Is maintained lo lhe 
rooms on a daMy basis until 
the lesls are compleled. 

5. The geomechanical monitoring 
program ard the routine 
obseivalions In Panel 1, can 
provide sufficlenl warning lo 
allow the timely retrleval of the 
waste from the Panel. 

-. ··-1Tlloo r.--

RESPONSES 

The panel proposes the lollowlng support syslem enhancemenls 

• A support syslem ulUizlng resin anchored bolls. 

'J 

• · Grout anchored cables wilh loops, lacing and meshing covering the roof In order lo contain and 
conlrol roof rock laUure. 

• Relief ol lhe lateral stresses lo prevenl roof and floor failures by &lolling ard/or relief enlrles. 

• Yleldlng support. 

• Rely on currenlly Installed support ard upgrade when necessary based on lhe results of the 
geomechanlcal monitoring program. 

• Roof lrusses. 

• Driving of new rooms through existing pillars In Panel 1. (This remedial action was added al the 
request of Mr. J. Parker woo was abSenl from lhe April 23 ard 24 meeting). 

The panel recommends that an engineering evaJuation should be carried out lo assess the viability of 
these enhancements. 

NOTE: 

• The modificalions could Involve a comblnalion of lhese enhancemenls. These enhancements are 
proven techniques. 

The panel agrees lhal: 

• The geomechanical WIPP data base Is an adequate lool for giving early warning of deteriorating 
conditions In Panel 1. 

• Additional data Interpretation should be performed to refine and lmplemenl lhe ldenlilicalion of 
deteriorating conditions. 

• Present geomechanical inslrumentalion In Panel 1, aJthough adequate, should be upgraded. 

• Geolechnical criteria should be used lo alert lhe projecl lo changing conditions In Panel 1 and lo 
Initiate decision making courses ol action. 
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EXPERT PANEL - LIFE OF PANEL 1 

Tuesday, April 9, 1991 
Park Inn, 3706 National Parks Highway, Carlsbad, NM 

AGENDA 

I. Introduction. 

- Introduction of participants. 
- Scope of evaluation. 
- Deliverables. 

II. Review of WIPP Project. 

III. Presentation of geotechnical data and evaluations of Panel 1. 

- Overview of monitoring program. 
- Ground control in Panel 1. 
- Geomechanical data from rockfall in SPDV Test Room 1. 
- Rockbolt performance. 
- Assessment of useful life of Panel 1. 

IV. Overview of tests with radioactive waste (bin-scale tests) in Panel 1. 

V. Sandia National Laboratories ·Presentation. 

~ VI. Rockbolting specifications. 

VII. Open discussion. 

Wednesday, April 10, 1991 
(WIPP Site) 

VIII. Safety briefing for underground visit. 

IX. Underground visit to observe Site and Preliminary Design Validation Test 
Rooms 1, 2, 3, 4, and Panel 1, Rooms 1, 2, and 6 

X. Open discussion. 



Agenda for Expert Panel on 
the Life of Panel I 

Park Inn, 3706 National Parks Highway, Carlsbad, NM 

Tuesday, April 23, 1991 

f: 8:00 am 
' 

I. Introduction 

I I. Presentation by Panel Members 

P. Mottahed 
I. W. Fanner 
T. W. Thompson 
G. B. Griswold 
J. R. Ti 11 erson 
S. D. McKinnon 

~;i A. T. Iannacchione 
H. D. S. Miller 
J. Parker (in absentia) 
R. F. Cook 

III. Open Discussion 

~ 
Wednesday, April 24, 1991 

8:00 am 

IV. Presentation of Draft Summary Report 

V. Discussion of Summary Report and Recommendations for Revision 

VI. Presentation of Revised Summary Report 

VII. Open Discussion 



GEOTECHNICAL EXPERT PANEL 
ATTENDANCE 

PARK INN, CARLSBAD, NEW MEXICO 

April 9, 1991 

p'1 EXPERT PANEL MEMBERS 
I 

Dr. G. B. Griswold Dr. P. Mottahed 

Mr. T. P. Burrington Dr. R. F. Cook 

Dr. J. R. Till erson Mr. J. Parker 

Dr. I. w. Farmer Dr. H. D. S. Miller 

I Dr. T. W. Thompson Mr. A. T. Iannacchione 

Dr. S. D. McKinnon 
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:··j 

OBSERVERS 

Mr. R. C. Supka, WID Mr. R. Batra, DOE 

Mr. R. C. Carrasco, WID Mr. T. F. Brockman, WID 

~ Mr. c. T. Francke, WID Dr. D. E. Munson, SNL 

Mr. D. Galbraith, WID Mr. T. M. Schultheis, SNL 

Ms. J. L. Francke, WID Dr. L. Chaturvedi, EEG 

Dr. J. A. Mewhinney, DOE Mr. w. D. Greenlee, WID 

Mr. E. K. Hunter, DOE, Mr. J. E. Carr, DOE 

Mr. s. c. Sethi, WID Mr. J. A. Gonzalez, WID 

Mr. H. D. Ripley, WID Mr. L. B. Lilly, DOE 

Ms. R. Mo l gaard, WID Mr. M. G. W. Phillips, DOE, HQ 

Dr. K. M. Chua, UNM Mr. J. E. Gilbert, DOE 

Mr. R. Sowers, WID 

" 



GEOTECHNICAL EXPERT PANEL 
ATTENDANCE 

PARK INN, CARLSBAD, NEW MEXICO 

April 10, 1991 
r:1 

EXPERT PANEL MEMBERS 

Dr. G. B. Griswold Dr. P. Mottahed 

Mr. T. P. Burrington Dr. R. F. Cook 

Or. J. R. Ti 11 erson Mr. J. Parker 

Dr. I .. W. Farmer Dr. H. 0. S. Mil 1 er 

Or. T. w. Thompson Mr. A. T. Iannacchione 

f''' Or. S. D. McKinnon 

OBSERVERS 

Or. C. B. Cox, WID . Mr. T. F. Brockman, WID 
( 

Dr. J. A. Mewhinney, 

* 
DOE Mr. H. D. Ripley, WID 

Mr. s. c. Sethi, WID Mr. M. A. Molecke. SNL 

Mr. D. Galbraith, WID Mr. L. Chaturvedi, EEG 

Mr. R. c. Carrasco, WID Mr. R. Batra, DOE 

Mr. M. R. Brown, WIO Dr. D. E. Munson, SNL 

Mr. D. Baldwin, WIO Mr. M. G. W. Phillips, DOE, HQ 

Mr. J. A. Gonzalez, WID Mr. T. w. Ha 1 verson, W IO 

Mr. G. L. Ashford, WID Mr. H. L. Bibby, WID 

Mr. R. Sowers, WID 
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GEOTECHNICAL EXPERT PANEL 
ATTENDANCE 

-PARK INN, CARLSBAD, NEW MEXICO 

April 23, 1991 

f"' 
' ' EXPERT PANEL MEMBERS 

Dr. G. B. Griswold Or. P. Mottahed 

Mr. T. P. Burrington Or. R. F. Cook 

Dr. J. R. Ti 11 erson Mr. s. D. McKinnon 

Dr. I. w. Fanner Dr. H. D. S. Mi 11 er 

Or. T. w. Thompson Mr. A. T. Iannacchione 

t • ::;: OBSERVERS 

Ms. R. Melgaard, WIO Mr. H. 0. Ripley, WIO 

Mr. 0. Galbraith, WID Hr. J. E. Gilbert, DOE 

~ Dr. K. M. Chua, UNM Mr. R. C. Carrasco, WIO 

Ms. J. L. Francke, WID Mr. c. T. Francke, WIO 

Mr. s. c. Sethi, WID Mr. T. F. Brockman, WID 

Dr. L. Chaturvedi, WID Mr. H. L. Bibby, WIO 

Dr. J. A. Mewhinney, DOE Mr. J. A. Gonzalez, WID 

Mr. E. K. Hunter, DOE Mr. R. Batra, DOE 
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GEOTECHNICAL EXPERT PANEL 
ATTENDANCE 

~ARK INN, CARLSBAD, NEW MEXICO 

April 24, 1991 

r i EXPERT PANEL MEMBERS 

Dr. G. B. Griswold Dr. P. Mottahed 

Mr. T. P. Burrington Dr. R. F. Cook 

Dr. J. R. Till erson Mr. s. D. McKinnon 

Dr. I. w. Fanner Dr. H. D. S. Miller 

Dr. T. W. Thompson Mr. A. T. Iannacchione 

LJ OBSERVERS 

Mr. D. Galbraith, WID Mr. R. C. Carrasco, WID 

Mr. H. D. Ripley, WID Ms. J. L. Francke, WID 

~ Mr. c. T. Francke, WID Mr. M. G. W. Phillips, DOE, HQ 

Mr. T. F. Brockman, WID Dr. L. Chaturvedi, EEG 

Mr. s. c. Sethi, WID Mr. H. L. Bibby, WID 

Mr. J. A. Gonzalez, WID Dr. J. A. Mewhinney, DOE 

Mr. E. K. Hunter, DOE Mr. R. Batra, DOE 

Dr. K. M. Chua, UNM Mr. B. R. Pleau, WID 
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PANEL I ROOM I EVALUATION EXPERT PANEL 

. Information package contents 

Geotechnical Field Data and Analysis Report 

July 1989 to June 1990, Volumes I and II, DOE/WIPP 91-012 

Interim Geotechnical Field Data Report, Fall 1986, DOE/WIPP 86-012 

Sections: Chapter 11.5 Facility Level 
Chapter 12.7 Drifts 
Chapter 12.8 Test Rooms 

Design Validation Final Report, DOE/WIPP 86-010 

Sections: Executive Summary 
Chapter 1 Introduction 
Chapter 2 Background of Underground Design 
Chapter 11 Test Rooms 
Chapter 12 Storage Area 

Borns, D. J., and J. C. Stormont, 1988. An Interim Report on Excavation Effect 
Studies at the Waste Isolation Pilot Plant: Delineation of the Disturbed Rock 
Zone, Sandia National Laboratories, SAN087-1375. 

Stormont, J. C., 1990, Discontinuous Behavior Near Excavations in a Bedded Salt 
Formation, Sandia National Laboratories, SAND89-2403. 

Design Criteria Waste Isolation Pilot Plant, Revised Mission Concept - IIA, 
WIPP/DOE-71 Rev. 4. 

Sections: Chapter 5 Underground Facilities and Systems, 
Item 1 Introduction 
Item 2 Ground Control 

Cook, R. F., 1991. Position Paper: Life Expectancy of Room I, Panel 1, Draft. 

Breenwald, H. P. and H. C. Howarth, 1938. Compression Tests of Roof-Salt Slabs 
Supported by Potash Salt Pillars, R.I.-3386, U.S. Bureau of Mines. 

Brockman, T. R., 1988. Panel 1 Roof Bolting, Design Calculations, EWP-51-0-0433. 
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FINAL REPORTS SUBMITTED BY PANEL MEMBERS. 
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o . An aoc:urate record of the meetings of the Geotechnical Panel on 
Panel l Stability. 

o A 03t1f ot the report provided to West~ by this panel 
membP..r. 

o An aoc:urate presentation of the consensus agreed to by the panel 
members at the meetin;s on the 23rd and 24th of April 1991. 

Date 



COMMENTS ON WASTE ROOM STABILITY AND RESPONSE TO STATEMENTS 

f' by Ian Farmer 

(1) BASIS OF DESIGN 

The basis of design of both the SPDV Test Rooms and No l Yaste Storage 

Panel appears to have been the requirement that the storage rooms be 33x 

11 ft. in section and 300 ft. long and have a tolerance of -0 +l ft. An 

allowance of 24 inches vertical closure during a 5 year panel life was 

validated by calculations based on empirica.l creep equations and measurements 

during the first 3 years life of the Test Rooms. 

In both design and analysis, deformation was assumed to result mainly 

from creep processes. In practice, observations have shown that this is 

not the case and that additional mechanisms involving strain softening, 

fracture and movement along discontinuities - albeit time related - are 

involved in a complex deformation process. This may also include effective 

stress effects from brine and gas. 

The emphasis on creep processes results from the historic emphasis on 

time related deformation of most laboratory test work on rock salt. This 

usually involves long term loading of specimens in compression at relatively 

high unconfined or deviatoric stresses. The results are usually expressed 

as power law creep equations with secondary data on modulus of elasticity, 

Poisson's ratio and uniaxial compressive strength. These types of test 

while producing useful data, sometimes have limited relevance to the 

performance of underground exc~vations - particularly of the rock near the 

exposed surface of the roof, sides and floor - where deformation results 

from stress relief after excavation (an active expansive process) rather 

than specimen loading (a passive compressive process). 

Baar (1977) showed that under these conditions creep limits for rock 

salt in-situ are extremely low and that constant rate plastic flow can occur 

at a yield stress difference as low as 150 psi at room temperatures. At 

l 



low deviatoric stresses these creep strains are relatively low: It is only 

at high stresses and temperatures and particularly with high confining 

pressures that ·they are large. 

Analysis of creep is complicated by the relatively high strength of 

rock salt measured in compression, compared with the relatively low measured 

tensile and shear strengths at room temperature. Baar estimates tensile 

strengths as 4-8' of compressive strength. Dreyer (1972), however, shows 

that in conventional laboratory testing of rock salt, confinement has a low 

effect on strength and that ~ is low and shear strength is about 40' of 

compressive strength. 

(2) HECBANICS OF ROOF FAILURE 

The effect of these observations may be discussed in relation to the 

SPDV Test Room l excavation. Figure l plots contours of major and minor 

principal stress around a 33 ft. by 13 ft. excavation at the same depth at 

SPDV Test room l. These are the stresses in an elastic material in plane 

strain in two dimensions. In practice, they will be modified by excavation 

at a finite rate (30' of relaxation will occur ahead of the face), by creep 

and fracture. The important thing to note, however, is that tensile fractures 

initiate and propagate in a direction parallel to the mAj.Ql: principal stress, 

causing dilation normal to this direction. 

Figure 2 plots contours of one half deviatoric stress (equivalent to 

peak shear stress) for the same geometry and stress. These are similar to 

the F and M contours plotted by Stormont (1990). Once again, the actual 

deviatoric stress distribution will be modified following excavation and 

creep, but as a general observation, shear will occur along the lines where 

the shear stress exceeds the shear strength of the rock salt. Shear will 

result in shear movement along the potential shear fracture and dilation 

normal to the fracture. 

Assuming that the compressive strength of the rock salt is approximately 

4000 psi, the tensile strength 200-300 psi and the shear strength 1600 psi 

around the excavation, the following general observations can be made: 

2 
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(a) The high deviatoric stresses at the corners of th~ excavation 

(modified by any curvature) will be relieved at an early stage by 

formation of a shear fracture, following the edge of the highly 

stressed zone into the roof and floor and probably the sides of 

the excavation. The existence of this fracture in a similar size 

of excavation is illustrated by Stormont's (1990) permeability 

measurements, and by numerous observations of fractures. 

(b) Most of the surface deformation around the excavation will be 

caused by a combination of induced tensile and shear fractures 

modified by creep. 1bis is illustrated in Figure 3. The tensile 

fractures will tend to follow the contours of major principal 

stress and deviatoric stress. Dilation normal to the fracture 

direction will cause horizontal or vertical convergence into the 

sides, roof and floor and modification of stress and fracture 

orientation. But the overall pattern agrees very well with Borns 

and Stormont's (1988) permeability observations (a direct result 

of dilation) and with their modification of Gramberg and Roest's 

(1984) estimates of fracture zones in rock salt. 

(c) Continuing dilation will result in bed separation at partings at 

the much stronger (estimated 4 times) and stiffer roof and floor 

anhydrite layers. 1bis is a well known phenomenon in layered 

rocks and in layered rock salt and is described by Baar (1977) 

and others. As a result the floor and roof beams may become partly 

detached, the former exacerbating floor heave and the latter 

ultimately resulting in roof failure similar to the cutter roof 

failure in coal mines. 

(3) SPDV T!ST RdQM FAILtJ1lE 

It is important to see if this postulated failure regime agrees with 

observations at SPDV Test Rooms land 2, where the best deformation information 

from closure measurement, borehole anchor extensometers and inclinometers 

is available. The data over 6 years is plotted in Figures 4 and 5. This 

includes the initial nonlinear convergence at Test Room 1 in Figure 4 

3 
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resulting in an additional 3 inches of lowering of the cent~r and lower 

roof below the anhydrite parting; otherwise the data is essentially the 

same. Data during and immediately following construction when relief of 

construction stresses occurred is missing. 

The general deformation pattern does, however, agree with the postulated 

pattern in Figure 3, particularly: 

(a) Deformations at the corners are not extreme, indicating that high 

deviatoric stresses have been relieved by formations of a shear 

fracture. 

(b) 

(c) 

Horizontal movements in the solid rock are largely confined to 

the zone above the sidewall edge and close to the shear fracture 

and in a direction normal to the proposed tensile fractures 

extending into the roof. 

Vert_ical movements are largely confined to the roof and floor and 

are largest below the roof parting, particularly at the center, 

and above the floor anhydrite layer - again particularly at the 

center. 

It can be argued, therefore, that the general pattern of movement is 

essentially that postulated by Stormont (1990) for the specific YIPP case 

and by Baar (1977) for the general case of evaporites and involves both 

creep and fracture, but principally fracture, albeit over a prolonged period. 

It can also be argued that Waste Panel l Room l, although there is 

less information, is deforming in a very similar manner to the SPDV Test 

Rooms. The basic questions, therefore, which must be asked in assessing 

the long term stability of Waste Panel l are whether the roof will behave 

in a similar manner to SPDV Test Room l and whether the current support is 

adequate or can be made adequate. 

ROOF SUPPORT 

The roof of SPDV Test Room l appears to have collapsed as a single 

large block, probably trapezoidal in shape, breaking up on contact with the 

floor. It is bounded by shear planes - apparently steep on the Yest side 

and shallow on the East side and by the clay/anhydrite parting 7 ft. into 
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the roof. The clay/anhydrite parting may be exposed in up t;o 1/3 of the 

roof span. Calculations by Cook (1991) indicate that the North and South 

ends of the ro~f beam fractured in tension due to the weight of the detached 

span. 

If the unit weight of rock salt is assumed 150 lbs/cu.ft., the maximum 

weight of the roof beam is approximately 35,000 lbs/ft. In Test Room l, 

this was unsupported. In Waste Panel Room l, it is supported by approximately 

1.7 x 10 ft. long x 5/8 or 3/4 in. roof bolts per foot, with respective 

average pullout loads of 19,500 and 15,000 lbs. and with design loads of 

13, 500 and 11, 900 lbs. The bolt pattern concentrates support in the center 

of the room. 

The rockbolts have been designed to support the dead weight of the 

roof layer; to accommodate creep movements and to avoid fracturing of the 

deforming roof surface. For the latter, it was assumed that the anchorage 

would yield and this was tested short term. The bolts were located 2 1/2 

ft. above the anhydrite layer, where vertical downward movement is 

approximately 1 - 1 1/2 ins. /year and horizontal movement is probably 

relatively small. 

The purpose of rockbolting in the current geology and excavation geometry 

is essentially to prevent movement across discontinuities/bedding lanes and 

particularly the anhydrite layer. It is similar to cutter roof failure in 

coal mines, which is also time related and difficult to control with 

conventional roof bolts, however long. In these circumstances roof trusses 

or center cribs have been successfully used and these represent an alter

native, respectively long term and short term, in the present case . . 
The roof at YIPP is, however, different to coal mines in that only two 

partings are known to exist and the rock is not laminated but apparently 

quite massive. In this case, it may be possible to obtain a degree of 

medium term control with rock bolts installed in the traditional way. 

5 



(5) RESPONSE TO STATDG;NTS 

STATEMENT l: An estimate can be established for the period of time that Panel 

r·1 l, in particular Room l, remains accessible on a daily basis beyond 

July 1991. 

I 
I 

t 

.. 
n . 
' 

l. Available information on Waste Panel l appears to be limited to 

horizontal extensometers installed in the E and W rib at the mid point 

in December 1988 and convergence meters installed at the midpoint and 

North and South ends at various dates between 1986 and 1990. Many 

of these are no longer functional, but a summary of data is available 

indicating 19 ins. of roof to floor convergence over a 5 year period 

to April 1991. As far as can be seen, the deformation over this 

period is similar to that of SPDV Test Rooms 1-4 over a similar period. 

Combined with a knowledge of deformation mechanisms, this give a basis 

for discussion of the sta.tement. 

2. To estimate the life of Room l, it is necessary to make some assumptions 

about its performance compared with SPDV Test rooms. Convergence of 

SPDV Test Room l up to 5 years reached a steady state of 3 ins/year. 

After 5 years, this increased as bed separations in the roof gradually 

led to detachment of the roof beam and ultimate collapse after about 

8 years. Creep in rock salt should be a constant rate phenomenon and 

the constant creep rate, representing a roof or floor bay strain rate 

of about O.S• per year, is moderate and almost certainly indicates a 

quasi-stable situation. 

Provided the deformation of the roof and floor in Room 1 can be 

maintained at the present rate and bed separations at the anhydrite/clay . 
roof layer prevented, there is a good prospect of medium therm 

stability. The integrity of the roof block, based on SPDV Test Room 

l observations appears high and there is no r~ason why an additional 

10 years life, bringing the total roof to floor convergence to about 

50 ins., when the room would show considerable distortion, should not 

be expected. 
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3. A lower bound estimate of a total of 8 years (an additi~nal 3 years) 

assuming the same failure mechanism as SPDV Test Room l is reasonable. 

More rapid failure is unlikely. With the proviso in paragraph 2 and 

good support and repair an upper limit of considerable length - say 

up to 20 additional years is feasible, provided the deformation can 

be tolerated. 

4/5. Levels of uncertainty depend on the level of confidence in the 

assumptions made to reach an estimate. In this case, there is probably 

insufficient data to determine confidence levels beyond subjective 

terms such as high, medium or low. The most important basis for 

estimates is that: the steady state roof and floor bay strains are 

moderate and in this case, in a homogeneous rock salt, it would be 

possible to postulate stability with a high level of confidence. The 

potential instability in the present case arises from the potential 

detachment of the roof block from the anhydrite layer and to a lesser 

extent buckling of the floor layer. If roof block detachment can be 

resisted by the support system, there will be a high level of confidence 

in the estimate. 

6. There is limited deformation data available in the Waste Storage 

Panels. At the least, center line roof extensometers at the mid and 

quarter points are needed. These will monitor bay strains and parting 

separations. 

7. Maintenance should be directed at maintaining roof integrity. Roof 

lowering at the current constant: rate will lead to some extensions 

of shear fractures, which will require limited maintenance. The only 

situation which would require movement of bins would be nonlinear 

roof lowering. In this case either replacement of bolts or installation 

of cribs would be needed to maintain roof stability. 

STATEMENT 2. The rockbolt system as currently configured is sufficiently 

effective to ensure that the test program in Panel l, particularly 

Room 1 can be completed. 
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1. The rock bolt system is required to support the roof olock for 10 

years to 2000 A.O. in Room l, Panel 1. As currently configured, the 

roof bolts are anchored in rock salt above the anhydrite layers which 

is deforming at an approximate rate of 0.5 ins/year vertically at the 

center and 0.25 ins/year vertically and 0.2 ins/year horizontally at 

the sides. The bolt collars are located at the surface which is 

2. 

deforming mainly vertically at a rate of 1.5 ins/year in the center, 

less at the sides. 

The resultant bolt strain of 0.8\ per year may be tolerable for up 

to 5 years with anchor and collar deformation (3% bolt strain is 

usually considered a maximum). Beyond this, there can be no certainty 

of continuing support, without replacement or redesign. 

The trapezoid at roof block configuration is not a conservative 

assumption. Typical failures of this type often have steep break 

lines and~ better assumption would be rectangular block. This would 

also lead to· a better distribution of support in the critical zone 

close to the shear fractures at the corners. There are good reasons 

for arguing that these shear fractures are not typically inclined at 

a low angle to the horizontal. 

3. The current design of roof support does not appear conservative. If 

a unit rock weight of 150 lbs/cu.ft. is assumed then the weight of a 

rectangular 33 x 7 ft. roof block is 35,000 lbs/ft. and that of the 

design trapezoid is 23,000 lbs/ft. For 5/8 in. bolts, the design 

load is 11,900 lbs. and .for 3/4 in. bolts (say) 13,500 lbs. These 

are barely adequate for the current trapezoid, which is itself a 

conservative assumption. 

4 The salt above the anhydrite b layer is creeping at a rate of 0.25 

ins/year - a low rate, which is unlikely to result in fracture. 

Horizontal deformations are equally low. 
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5. Slippage of anchors is not a reliable method of rock bolt: roof control 

over an extended period of time and beyond an anchor strain of 3-4%. 

In the current case, beyond 5 years, anchor or collar failure would 

be expected. 

6. Fully grouted bolts, probably with double set resins to give enhanced 

anchorage load are more reliable. Recent experiments by Signer and 

Jones (1990) have shown that high restraint can be maintained, even 

when part of the grouted bolt has yielded (see Figure 7). The 

possibility of using fully grouted 3/4 inch bolts (say) 12 ft. long 

with a 3 ft. quick set resin anchor tensioned to 30\ of design load 

should be considered. 

In coal mines for similar roof configurations, where cutter roof 

failure is likely, truss bolts are extremely effective and these 

should be considered for other panels, where major redesign is possible. 

STATEMENT 3. The level of confidence, which can be placed in the estimates of 

the life for Panel provided in the response to Statement l is in 

accordance with accepted mining practice. 

l. Probability is used extensively in mining, particularly for slopes; 

to a lesser extent for pillars. The major requirement is that there 

exists an accurate and accepted analytical framework for design, and 

sufficient information on variability of parameters, usually expressed 

as variograms. In the case of Panel 1, the nature of roof failure 

is complex, involving several different mechanisms and geomechanical 

data is limited. 

2. Geological information is not necessarily qualitative. Certainly at 

WIPP, it would be possible to build up an accurate database of rock 

salt mineralogy and structure which would show limited variability. 

Most rock discontinuities, beds, grain sizes can be expressed in terms 

of variograms and are often the best and "hardest• information 

available. 

9 



3. Probability levels of 1 in 106 are not feasible. ~ variations 

inherent in most geotechnical and geometric parameters means a 

probability of 1 in 10 is the best that can be obtained. Design in 

rock probably has the same type of probability levels as weather 

forecasting. 

4. The WIPP data base is heavily orientated towards deformation mea

surement • since the design is based on creep. There is virtually 

none of the geotechnical information - particularly shear and tensile 

strength, which would be needed to accurately assess the performance 

of the openings - say by using finite element analysis with a combined 

creep - fracture constitutive model of the type developed by Desai 

and used by Stormont (1990) in his analysis. 

STATEMENT 4. Modifications to the support system in Panel l can be implemented 

1 
to ensure that access is maintained to the rooms on a daily basis 

~d until the test are completed. 

n 

1. The support system should be modified to perform in a roof where 

strain over the anchor length over a ten year period is likely to be 

8%, equivalent to a differential displacement of 10 ins. Conventional 

mechanical anchors are likely to fail if subjected to this type of 

deformation. Roof to floor convergence over the same period is likely 

to be 30 ins. and roof lowering 15 ins. In addition, the current 

support system does not appear to have sufficient capacity to support 

the full roof block. The support system should be capable of generating 

a restraint of 35, 000 lbs/ft. ~f room length and should provide better 

support for the edges of the block. 

Four types of support system may be suggested: 

(a) Fully grouted resin anchored bolts, 3/4 in. 12 ft. long with 

a 3 ft. long fast set anchorage; tensioned to 1/3 of working 

load. These should be set with an adjustable collar plate, 

and in a uniform pattern. The outer bolts should be angled 

towards the rib. 

10 
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2. 

(b) Cable bolted trusses angled over the rib to jus~ above the 

anhydrite/clay parting. The trusses should include an element 

of flexibility so that they can be lengthened to accommodate 

roof movement. 

(c) Cable anchors - possibly combined with slings-installed cen

trally and incorporating a tensioning device which can be 

modified to accommodate roof lowering. 

(d) Cribs installed centrally in the room including one or two 

elements of soft wood to allow for squeeze. 

Some weld mesh should be installed, particularly at the pillar edges 

to catch loose rocks. Minimum maintenance activity should be planned 

- the support system should be designed to maintain roof integrity 

with a degree of flexibility to accommodate roof movement. 

3. Once the experiment has s~arted, installation of cribs is probably 

the only feasible additional support system. This should not - if 

planned for - require removal of cables. 

STATEMENT 5. The geomechanical monitoring program and the routine observations 

in Panel 1 can provide sufficient warming to allow the timely 

retrieval of the waste from the panel. 

1. The plot of rate of convergence against time from SPDV Test Room 1 

provides a powerful and classic type of illustration of precursive 

roof movements leading to failure and also provides sufficiently early 

warning of deteriorating conditions to allow remedial action. Sim-
• 

ilarly, careful monitoring of SPDV Test Rooms l to 4 and other large 

span openings will provide additional ongoing precursive information 

- in the case of Test Room 4 for a roof including traditional rock 

bolts. 

This is a limited data base, but the information is precise and 

directly relevant. 

11 
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2. The geotechnical information from Room l is just ade_quate. 

convergence data can be directly compared with Test Room 1. 

The 

3. Additional convergence stations and particularly roof extensometers 

designed to detect dilation of the parting are needed. 

4. A increase in roof convergence, associated with parting dilation, 

which is not controlled or reduced quickly by installation of cribs 

or additional roof supports. 
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:members at the meetin;s on the 23rd ard 24th of April 1991. 
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RESPONSE TO STATEMENT l Panel Member:, Griswold 

F' Pactors a U Mdre11t4 

'-: I
:: 

~ . 
e 

l. The abilitv .Q! ~ Panel .t.Q address Statement l based QD ~ 
available information. 

2. 

3. 

The geotechnical information base is excellent and far ex
ceeds that available to normal mining operations being con
ducted in the nearby potash mining district. The safety 
record of those mines is excellent yet their extraction rates 
are much higher, their bolting pattern not as comprehensive, 
and pillar and roof loadings are higher. 

~ estimate LQx .th§ lJ.t.§ 21 B2.2Dl .L. 

The eight year life of SPOV Room l represents the minimum. 
Life beyond that is not quantifiable but the installation of 
rock bolts in Panel l will no doubt prolong the time when 
open access to Rooms l through 7 will be available for scien
tific purposes. Caution: throughout my discussions of room 
life I mean the time from initial mining to expected col
lapse. How that time is partitioned between preparation, 
testing and bin removal will not be discussed. 

Lower and upper bound estimates t.Q.t ~ .lif.@ Qt BQQJD ~ 

The age of Room l is approaching five years. Using SPDV Room 
l as the minimum model, evidence of the onset of major move
ment will not be detectable until year 6. Therefore, the 
true effectiveness of rock bolting must wait for another 
year. So my estimate has to be judgmental, but adding at 
least two additional years appear reasonable. Having stuck 
my neck out on the two years added life makes me conservative 
on the upper limit -- no longer than four years. I am 
comfortable with two to four year increased life because the 
comprehensive geotechnical monitoring that will be available 
for Room l. 

4. Levels .Q{ uncertainty associated with estimates. 

It is only reasonable that as expected life goes b~yond the 
eight year life of SPDV Room l that uncertainty increases. 
If I was forced to give you an estimate I would say 90% 
certain for the two year increase and 60% for the four year 
increase. 
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5. Reasons .fQl: levels 21 uncertainty. 

The roof bolts will add to stability, but quantify~ng it as I 
just have done with my answer to item No. 4 is pure specula
tion! 

6. Additional information .thl.t would ~ needed ~ improve esti
mAll· 
The only information that I consider useful is something that 
you cannot provide now, and that is ~. Time is required 
to determine what the deformation plot will look like in a 
bolted room. Now as to maintenance. I believe that you must 
be prepared for extensive maintenance on a required basis and 
the bins removed if necessary. You can hope for the best, 
but you must be prepared for the worst. 



r 
I 

RESPONSE TO STATEMENT 2 Panel Member: Griswo1d 

Factors to ~ addressed 

1 . .th.I. affect.~~ changes associated with~~ program 
~ 2D support requirements !QI: BQQm ~ Panel 1-£. 

The purpose of the initial design, including the bolting, was 
to demonstrate drum waste disposal. No meaningful change has 
been done to accommodate the new mission of scientific tests. 

2. IbJl ~ l2A,g tQ ~ supported .1.Ji approximately the .fYll 
weight 2.! .tla ~ ~ yg tQ .trul anhydrite ~ layer in the 
middle third .Q.t. tru! rn ~ Mil ~ weight ™ the outer 
ilQ thirds. 

This is quite reasonable considering the roof failure of SPDV 
Room 1. 

3. tbs adequacy g.t .thA safety factor ,2! ~ bolting system used 
in R22J1 ,1. Panel l t.Q support .th§ design ~ load, 

4. 

The 1.7 safety factor given by Dr. Cook is correct if the 
anchors hold and move only by long term plastic flow. If the 
wedges slip through the shells then the bolts are not effec
tive. Dead weight testing of bolts can give a partial answer 
this question, and such tests could be done in a few months 
time. Of all the "would like to do" tests this is my highest 
priority. The forces on the bolts is a classic statically 
indeterminate case, but can be solved by finite element 
analysis. This should be done pronto. 

The salt above anhydrite ~ ~ remain competent. 

Yes, it is outside the failure envelope as witnessed in SPDV 
Room 1. 

s. Slippage 2-' anchors provides AD acceptable approach to sup
porting the ~ ~ while accommodating ~ closure. with 
daily access tQ ~ room. 

This is ~ t§Y question. Experience 
says yes for small moyements and no 
Dead weight testing should quantify 
failure. 

in nearby potash mines 
for large movements. 
the phemonenology of 



6. ~ mechanism ~which ~ bolt anchors ~ accommodate the 
movement .Q1 th§. last while supporting the immediate .t..Q.Qt 
beam. · 

I believe that some bed separation will still occur. There
fore, the bolts only provide support by suspending the failed 
portion of the roof. If such will be the case then room 
closure rates will depart from what was witnessed in the SPOV 
rooms. This will place a real burden on the geotechnical 
staff to give an accurate analysis of closure data. 



RESPONSE TO STATEMENT 3 Panel Member: Griswold 

Pactora to ~ A44reaa•4 

1. ~ extent .t2 which A probabilistic basis ~ determining 
r::, till assessment ll presently applied in mining. 

[' " ·i 
I 

l 

~ 

Some academics 
operators that 
do monitoring. 
section puts it 

may do such analysis, but I know of no . mine 
do. You design it the best you can and then 

Roy Cook's statement No. 4 in his Summary 
very well. 

2. ~ gualitative nature Q.f geologic information. 

3. 

4. 

The advantage of WIPP is its uniformity of the bedded 
geoloqic conditions. Therefore, the SPDV geotechnical infor
mation is transferable to Panel 1 with a high degree of 
certainty. This eliminates the qualitative aspects of qeo
loqic information that one faces in most mining situations. 

th§ extent t2 which database gx experience i§ available in 
~ mining industry ~ ~ operations point 2f view .tQ D.i:Q:: 
~ meaningful judgments ~ in ~ nuclear industry Ci.e. 
probabilities 2" .l&ll thA.Q .1in10 >. Ihli .ll not tg ~ 
applied SQ ~ assessment 2t ~ l.Qng ~ Cl0.000 yearl 
performance 2t A repository. 

Impossible! 

~ adequacy Q.f the geomechanical database developed at the 
Hif,f and the methods currently in place ~ evaluate the 
performance Qt openings. 

Excellent in both aspects. The only thing missing is the 
design and validation of a long term stable mine opening. 
This was something never considered necessary until the 
advent of the bin scale test program. 



RESPONSE TO STATEMENT 4 Panel Member: Griswold 

Pactors ~ ~ addressed 

1. ni. mo<iitications gru1 additions .tQ ~ support system needed 
~ insure ~ completion Qt .trul tests. 

I would add nothing other than the monitoring system that has 
been scoped out by Roy Cook. I do recommend that Jack Gil
bert and Harry Bibby be brought more into play concerning the 
design of a leveling platform for bins and providing as much 
structural protection as possible over the bins. 

2. lh§ maintenance activities ~ xil.l. .Q§ needed. 

This is the responsibility of the safety personnel and not 
the scientific investigators. And it will be done by "take 
it as it comes" methods. 

3. Ih.tl ~ tQ remoye ~cables !QI: ,thA lll.n. scale tests in 
order ~ install adciitional support. 

I am not that knowledgeable about the test configuration. I 
would leave these decisions to Jack Gilbert because he will 
have operational responsibility for the test. 



RESPONSE TO STATEMENT 5 Panel Member: Griswold 

Factors ~ ~ addressed 

f''! L Ih§. adequacy 2.f .tJa geomechanical database developed ~ the 

n •· 

2. 

3. 

~ provides An adequate basis to predict ~ provide early 
warning deteriorating conditions in .BQ.Qm 1..J.. 

The SPDV experience gives an excellent reference base. 
However, we are hoping that the roof bolts in Panel 1 rooms 
will alter the convergence rates. ~Therefore, a lot of judg
ment is going to be called for on making the correct decision 
as to when failure is apt to occur. Added to this is the 
problem that the deformation history of Room 1 of Panel 1 
differs from those in the four SPOV rooms and rooms 2 through 
7 of Panel 1. The convergence plot for Room 1, Panel 1 is 
quite linear versus the early curvilinear behavior exhibited 
elsewhere. Hopefully some of this dilemma will be answered 
when the instrument holes are drilled in Room 1, Panel 1. I 
am told that drilling will commence very soon. 

lhfl adequacy .Q.f ~ present geomechanical. installed in Room 
i ia adequate .t.g provide early warning 21 deteriorating 
conditions. 

The answer is no to the exact statement • 

.Ih§ adequacy .Q.f the proposed additional geomechanical instru
mentation to be installed in RQ.Qm i tQ provide early morning 
Q.f deteriorating conditions. 

The answer is yes if the instrumentation scoped out by Roy 
Cook is implemented. 

4. The criteria to determine~ removal 2.f waste becomes 
necessary. 

I think it consists of two parts: convergence rate and total 
convergence. Any rate above five inches per year or total 
convergence over 25 inches are trip points in my view. 
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REVIEW OF THE LIFE EXPECTANCY 
OF PANEL 1 ROOM 1 IN THE WIPP UNDERGROUND 

by Anthony Iannacchione 
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the opportunity to evaluate the continued stability of Panel 1, Room 1 
at the Waste Isolation Pilot Plant near Carlsbad, New Mexico. I have 
found the staffs exceptionally well qualified and clearly focused on 
their mission. I hope the following comments will provide some 
additional insight and prove useful in any future deliberation of the 
expected life of Panel 1, Room 1 in the WIPP underground. 

STATEMENT N0.1 

1 

An estimate can be established for the period of time that Panel 1, in 
particular Roo• 1, remains accessible on a daily basis beyond July 1991. 

The following cases are considered: 

I. No maintenance in terms of scaling of roof, milling of floor or 
installation of additional support. 

2. Limited maintenance without moving bins. 

3. Extensive maintenance on an as required basis, with bins removed from 
room, if necessary during maintenance activities. 

Assumptions 

1. Room height on July 1, 1991, 13.S feet and minimum room height needed 
to support equipment clearances, 10.0 feet. 

2. Room initially excavated in July/August 1986 . 
• 

Factors to be addressed 

1. The ability of the Panel to address Statement 1 based on the 
available information. 

Considering the instability observed within SPDV Room 1, a worst case 
scenario for the expected life of' Panel 1, Room 1 has been identified by 
the WJPP staff. This scenario establishes the potential need to support 
a 180 ft long triangular shaped roof mentber. Observations from SPDV 
Room 1 indicated that the innedtate roof fractured after approximately 6 
years at the center of a 300 ft long entry along both sides of the salt 



ribs/roof intersection. These fractures propagated upward at 
approximately 20• to 2s• from the horizontal until they intercepted a 
clay band approximately 7 ft above the mine roof. Failure of the 
detached salt wedge occurs when the shear resistance of the cross 
sections could no longer support the detached wedge, causing beam 
failure as a single unit (Cook, 1991). 

2 

A roof bolt system consisting of 10 ft vertical bolts was installed with 
the hopes of prolonging stable roof conditions within Room 1 for an 
addi·tional g years. Unfortunately, the mechanism by which the bolt 
anchors within the salt roof is poorly understood. The VIPP staff has 
assumed the bolt anchors will slip downward in response to the ever 
present creep of the salt formation. Although this mechanism appears 
quite possible, there is little information confirming anchor slip in 
salt. If the bolt anchors do not slip, bolt yield or bolt pullout may 
result. · The in-place bolts are capable of withstanding 10 inches of 
yield prior to failure. Current measurements suggest approximately 27 
inches of deformation will occur within Room 1 over a the next nine 
years. 

Horizontal deformations of 0.5 inches per year produce an additional 
condition not planned for in the design of the bolt system. Vertical 
bolts passing through roof shears may fail in shear long before they 
fail in the manner suggested by the VIPP staff. Until these questions 
are better understood, confidence in the current support plan is 
estimated to be SOS. 

2. Best estimate for life of Room 1. 

Estimation of the expected life of an entry as critical as Room 1 should 
be based upon worst case situations. If the bolt anchors don't slip, 
the bolt system will fail due to excessive elongation. Additionally, 
the bolt system may fail due to shearing along the salt roof wedge. Let 
us examine each of these cases separately. 

First, if bolt anchors don't slip the bolts will stretch due to constant 
deformation of the roof. The deformation in the roof is estimated to be 
2/3 of the total room convergence which is approximately 3 inches per 
year. This indicates that at least 2 inches of deformation per year 
will occur within the roof strata: The 3 inches per year represents a 
steady state creep condition, therefore, higher rates would be 
experienced once shear fractures occur in the roof. Unfortunately, 
precise knowledge of the exact height at which zero roof deformation 
occurs is unclear. Let use again consider the most conservative 
estimate. All of the movement occurs within the bolt horizon. Tension 
failure of the bolts would likely occur approximately 7 years after 
installation (assuming an extension of 10 I with a Factor of Safety of 
1.5 equalling a total of 7 inches of elongation prior to failure). This 
would indicate a 2 1/2 year life for current bolt system. Since the 
bolts have been installed for approximately this long without failure, 
this scenario seems unlikely. Either some slip is occurring in the 
anchorage and/or much of the roof deformation is developing far above 



3 

the bolt horizon. 

If the bolt anchors do slip and/or the roof deformations within the bolt 
horizon are some fraction of the total root sag, then the projected 
shear surface crossing the bolt horizon a~ri 23• angle must still be · 
considered. Observations within SPDV Rooli-I indicate shear fractures 
began to develop after approximately 6 years of entry life. If we 
consider the worst case scenario, it should take approximately 2 years 
for the bolt holes to totally shear. We could then make the assumption 
that this process would slow the entire development of the unstable salt 
wedge by an additional two years. This again is an unlikely scenario 
since some bolt hole deformation will surely occur. Field observations 
have indicated that a considerable amount of lateral bending can occur 
prior to shear failure. Unfortunately, precise calculations of these 
effects are not available (see Hass et al., 1975 for more information on 
shear strength of roof bolts). 

3. Lower and upper bound estimates for the life of Room 1. 

The above discussion adequately defines the lower bound estimates for 
the life of RoOll 1. Stnce the roof failed approximately 2 years after 
roof shears developed in SPDV Room 1 and roof shears have not yet 
developed in Panel 1 Room 1, the lower bound estimate of roof stability 
would be July 1993. An upper bound estimate would follow the logic 
discussed by Cook (1991) where the bolt anchors would slip continuously 
in response to roof deformation and where the capacity of these bolts to 
resist shear failure is signtf1cantly increased by bolt hole deformation 
and bolt bending. Therefore, the upper bound estimate would be close to 
the completion of the test in July 2000. 

4. Levels of uncertainty associated with estimates. 

Because of the great deal of uncertainty involved in the performance of 
the intrinsic support system within RoOll 1, precise levels of 
uncertainty can not be calculated (note the above statements for a 
discussion of these uncertairities). . 

5. Reasons for the levels of.uncertainty. 

Please see the above statements fdr the reasons for the ~4'vels of 
uncertainty. 

6. Additional 1nfonnation that would be needed to improve estimates. 
. . 

The author recoanends a research program. designed to investigate the 
anchorage mechanism of bolts within the WIPP salt roof. It is 
reconmended that anchor creep tests be performed on salt so that a 
family of load vs. deformation curves under varying confinements, bolt 
lengths and widths, and anchor types can be produced. These test should 
be compared with in situ bolt load, bolt strain, roof sag.and entry 
convergence. In this way, the an accurate mechanism can be established 
for anchors in salt. Also, estimates of strength of bolts subjected to 
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shear forces at various angles should also be evaluated along with 
observations of bo1t hole deformations along the shear plane. This 
information would help to determine what effect horizontal deformation 
of 0.5 inches per year may have bolt failure. (See Hass et al., 1975 and 
Smith and Stateham, 1987). 

STATEHENT N0.2 

The rockbolt system as currently configured, is sufficiently effective 
to ensure that the test program in Panel 1, in particular Room 1 can be 
completed. 

Assumptions 

1. The test program will start in July 1991. 

2. The bins CANNOT be disconnected and moved to facilitate maintenance 
of the rooms. 

3. The test program including retrieval will be completed by July 2000. 

Factors to be Addressed 

1. The effect that the changes associated with the test program have on 
support requirements for Room 1, Panel 1. 

I do not have a high degree of confidence that the currently configured 
support system in Room 1 will allow for completion of the Bin Scale Test 
through the projected date of July 2000. 

2. The rock load to be supported is approximately the full weight of the 
roof beam up to the anhydrite "b" layer in the middle third of the span, 
and half this weight over the outer two thirds. 

This appears to be a reasonable estimate. Since the observed cross
sectional area of the roof wedge within SPDY Room 1 was less than that 
estimated for the rock bolt dead weight load, the support system has a 
built in Factor of Safety. It is important to note that supports with 
high load carrying capacities ancf high stiffness characteristics might 
produce excessive bending and tensile failure in the salt roof. Figure 
1 shows an idealized load deformation for support systems within Room 1. 

3. The adequacy of the factor of safety of the bolting system used in 
Room 1, Panel 1 to support the d~~ign rock load. 

If the assumptions made in the design are true, the Factor of Safety of 
the bolting system would be adequate. However, some of the assumptions 
are in question (see co11111ents in Statement No.1). Therefore, I do not 
believe an adequate Factor of Safety exists for the current support 
system. 
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4. The salt above the anhydrite "b" will remain competent. 
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The salt above the anhydrite •b• will remain competent until separation 
along the •b• horizon is initiated. At this po;nt in time accelerated 
deformations will begin to occur in the horizon below anhydrite •a• 
(approximately 15 ft above the m;ne roof). The unsupported span of the 
salt beam between anhydrite •a• and •b• w;11 be much smaller than that 
of the salt roof below anhydrite •b•. This should greatly reduce the 
size of the wedge which would eventually form between anhydrite •b• and 
•a•. 

5. Slippage of anchors provides an acceptable approach to supporting the 
rock load while acco111110dating roof closure, with daily access to the 
room. 

Unfortunately, slippage of anchors is a suggested mechanism and has not 
been proven. Therefore, I would suggest an extensive research program 
to verify this mechanism. Also, the shear deformation characteristics 
of the installed support system needs to be evaluated. 

6. The mechanism by which the bolt anchors will acconunodate the movement 
of the salt while supporting the immediate roof beam. · 

To the best of my knowledge this has never been researched. I have 
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searched the literature and have been unsuccessful in finding any 
references which would help ver;fy a mechanism. 

STATEMENT NO. 3 

The level of confidence that can be placed in the estimate of the life 
for Panel 1 provided in the response to Statement 1 is in accordance 
with accepted mining practices. 

Factors to be Addressed 

1. The extent to which a probabilistic basis for determining risk 
assessment is presently applied in mining. 

6 

The analysis used by the VIPP staff is certainly within the design 
procedures utilized by the mining industry. However, considering the 
nature of the VIPP site and necessity for safe storage of waste bins in 
Room 1, I don't think using risk assessments applied to conventional 
mines is appropriate. Coamercial mines can and do take some risks. The 
management at WIPP must decide what risks this mine is prepared to take. 

2. The qualitative nature of geologic information. 

I have a very high degree of confidence in the geologic information 
collected at the site. Combining this data base with observational and 
measured strata response has already proven extremely useful. 

3. The extent to which a database or experience is available in the 
mining industry from an operations point of view to provide meaningful 
judgements at the probability leveJs used in the nuclear industry (i.e. 
probabilities of less than 1 in 10 ). This is not to be applied to an 
assessment of the longterm (10,000 year) performance of a repository. 

I refer to my coaments in Factor 1. 

4. The adequacy of the geomechanical database developed at the WIPP and 
the methods currently in place to evaluate the performance of openings. 

The confidence 1 have in the geomechanical database developed at the 
VIPP is very high. The staff has dona a great job. I would suggest 
soma minor improvements. First, the ability to separate the magnitude 
of roof sag frOll floor heave was not always possible from the data 

·collected at SPDY Room 1. I would suggest more extensometer 
measurements in conjunction with convergence measurements in SPDV Rooms 
3 and 4 and from the various rooms in Panel 1. Some of these 
extensometers should extend great distances (>SO ft) into the roof. I 
would also recoanend more remote real-time data acquisition so that 
extensive measurements could be made after rooms are no longer 
accessible. 
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STATEMENT NO. 4 

Modifications to the support system in Panel 1 can be implemented to 
ensure that access is maintained to the rooms on a daily basis until the 
tests are completed. 

Factors to be Addressed 

1. The modifications and additions to the support system needed to 
ensure the completion of the tests. 

I would highly recoaaend addition support systems to ensure completion 
of the Bin Scale Tests. Three general categories exist: destressing, 
additional intrinsic support, and supplemental support within the entry. 

Destressirig - Destressing in salt has proven to be highly successful in 
increasing entry stability. In particular, a destressing 
program in Room 1 could be designed to cut-off the excessive 
lateral movements which are responsible for the creation of 
the unstable roof wedge in SPDV Room 1. Three different 

roof 
slotting 

Pillar 

small opening 
close to 

Pillar . 

Pillar 

Figure 2. - Examples of three d;fferent destressing techniques. 
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destressing techniques could be utilized (Figure 2). The 
easiest destressing technique would be to slot the roof with 
a cutter bar along the rib-roof intersection. This would 
cut-off the horizontal movement of salt above the pillar 
from the salt roof above the entry. There are two 
disadvantages with this technique. Induced spotting of the 
roof can result in minor instabilities along the slot. 
Also, the dead weight loading on the bolting system would 
increase because the potential failure surface may take on a 
rectangular appearance. This would lower the previously 
calculated bolt system Factor of Safety. 

A second destressing technique would be to drive a new entry 
(Room lA) between Room 1 and Room 2, abandoning Room 1 from 
further use. This would provide two solutions. RoOll 1 
would continue to defon1 and hopefully fail. Because RoOll 
lA is only 33 ft away from Room 1, the lateral deformation 
of the roof should be slowed. Also, Room lA would have a 
higher probability of remaining stable through the life of 
the test simply as a result of the •newness• of the entry. 
The disadvantages of such an approach are obvious. Driving 
a new rOOll would create other operational problems in Panel 
1. In addition, the effects of a 33 ft wide pillar on room 
deformation at the WIPP site are unknown. 

A third suggestion has been made by Mr. Jack Parker. 
Driving a small opening close to Room 1 at a horizon 
equivalent to the roof salt. This idea seems most appealing 
to me. I will leave Mr. Parker to describe this technique 
in greater detail. 

Additional intrinsic support - Three types of additional intrinsic 
support should be considered: meshing, lacing, and trussing. 
Clearly a wire mesh should be used in Room 1 to assist in 
securing small salt pieces. Lacing is a technique I believe 
Dr. Miller will be discussing in greater detail, therefore, 
I will not discuss it here. 

Roof trusses have been succesJfully used in the mining 
industry to stabilize roof subjected to high horizontal 
movements (Mangelsdorf, 1988). Truss bolts may have the 
ability to support an existing wedge of salt in Room 1. 
Several truss bolt systems are currently available (figure 
3). The Classic Birmingham truss has the capability to 
support high loads under considerable deformation. The 
Locotos truss is a more rigid system but ~ue to the 
mechanics of the salt wedge this system may be able to 
withstand considerable deformations. The Seegmiller truss 
with Dywidag bolts and slip nuts theoretically has the 
capacity for considerable deformations. Finally, the 
Dywidag truss has recently been tested at the Beth Energy 
Mines and allowed 14 inches of vertical movement without 

8 
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Figure 3. - Examples of different truss support systems. 

failure. Five factors should be considered in designing a 
truss system in salt: 1) the supports should be installed 
with a small amount of tension; 2) the initial shearing 

- 9 



r~ 
I ' 

r 
~ 

: 

process should relieve tension in bolt anchors, (due to the 
lateral movement of the anchor and the downward movement of 
the roof); 3) the curvature of the roof will generate 
tensioning in the central rods causing the brackets to slip; 
4) oversized holes would allow for more truss freedom of 
movement across the shearing plane; and 5) a soi efficiency 
can be expected. All of the above truss systems will be 
discussed in some detail in my presentation with coaaents on 
the advantages and disadvantages of each technique. 

Supplemental supports within the entry - Several types of supplemental 
support systlllS exist which could be designed to withstand 
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the 20 to 30 inches of movement Panel 1 is expected to 
experience over a nine year period. 

Wood cribs - Properly designed wood cribs can yield at loads 
slightly in excess of the dead weight of the salt wedge and 
mobilize enough deformation to withstand the total vertical 
movement expected over the 9 year life of the room. The 
stiffness of crib is dependent upon the height, width and 

60% wood pack 
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~00 
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Displacement, inch 
20 

Figure 4. An example of the load-deformation characteristic of a wood 
crib. 
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contact area of the crib. It is also affected by the size 
and character of the individual wood pieces. Testing at the 
Bureau of Mines has illustrated the behavior of certain size 
and shape wood cribs (Barczak and Schw8111Der, 1988; Barczak 
and Tasillo, 1988; and Barczak and Tasillo, 1991) and is 
illustrated in Figure 4. 

Yielding jacks - Several manufacturers have yielding jacks 
that can hold 90000 lbs over 24 to 36 inches of 
displacement. Dywidag, Seegmiller, and USBM have installed 
these jacks under various.conditions. 

Concrete f I led t ires 
700 

500 

500 

~00 

300 

200 

100 

0 
0 , 10 15 
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11 

20 

Figure 5. - Load deformation char~cteristics of the concrete and rubber 
pier. 

Concrete and rubber piers - An experimental concrete and 
rubber pier has been tested at USBM which has the capacity 
to withstand large deformation under constant load. An 
example of the load-deformation characteristic of one of 
these tests is shown in figure 5. 

Arch canopy - Arch supports have been extensively used in 
mining and civil engineering applications. The advantages 
of arch supports are: 1) elastic-plastic load deformation 
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Figure 6. Load defonnat;on character;stics for arch support system. 

characteristics (Figure 6); 2) can be placed around existing 
equipment; 3) come in various shapes; 4) can be fitted to 
rectangular geometries using the preloaded roof cambered 
beam system; and 5) can be installed by professional 
construction crews. The disadvantages of arch supports are: 
1) dead loads that exceed ultimate load carrying capacity of 
the arch could cause sudden collapse; 2) approximately 6 to 
12 inches of clearance are needed; 3) the arch structures 
are heavy; and 4) the yield points of leg supports can be 
affected by torque, surface conditions and bending of the 
metal (See Allwes and Mangelsdorf, 1988; and Allwes and 
Mangelsdorf, 1990). 

2. The maintenance activities that will be needed in the room. 

Several temporary support systems could be used which would supply 
additional stability during maintenance activities. 

Air bags - -Air bags have been used extensively in civil 
engineering applications to hold unstable strata. These 
devices lack the ability to withstand large deformations but 
may prove useful in temporarily stabilizing hazardous 
ground. 

.· 12 
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Spring support systems - Spring support systems have also 
bean extensively used in civil engineering applications to 
allow structures to deform under constant load. Placement 
around critical devices in Room 1 could provide adequate 
stability during retrieval of waste containment units. 

: 

Mobile roof support system - The USBM has developed a 
remotely operated Mobile Roof Support machine which can 
place and retrieve temporary roof support. This device 
would prove useful in the installation or retrieval of some 
above listed support techniques. 

3. The need to remove the cables for the bin scale tests in order to 
install additional support. 

I am not convinced that this would need to be considered in light of 
some of the techniques discussed above. 

STATEMENT NO. 5 

13 

The geomechanical monitoring program and the routine observations in 
Panel 1, can provide sufficient warning to allow the timely retrieval of 
the waste from the Panel. 

Assumptions 

I. In an emergency, all waste can be removed from the room within a 6 
month period. 

Factors to be Addressed 

I. The adequacy of the geomechanical database developed at the WIPP 
provides an adequate basis to predict and provide early warning of 
deteriorating conditions in Room 1. 

I believe the installed geomechanical database developed at the WIPP 
provides an adequate bases to predict deteriorating conditions within 
Room 1. 

2. The adequacy of the present geomechanical instrumentation, installed 
in Room 1 is adequate to provide early warning of deteriorating 
conditions. 

The current geomechanical instrumentation in RoOll 1 should be 
supplemented with devices to monitor roof support behavior. The ability 
to provide early warning of roof falls will need this additional 
information. 

3. The adequacy of the proposed additional geomechanical instrumentation 
to be installed in Room 1 to provide early warning of deteriorating 
conditions. 
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An early warning of roof failure should consist of 4 parts: 1) strata 
deformation measurements, 2) geophysical measurements, 3) support 
reaction measurements, and 4) observational data. 
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4. The criteria to determine when removal of waste becomes necessary. 

All of the above information should be utilized by the mine management 
to assess the potential for impending instabilities. However, I 
strongly rec0111111nd that a rigid procedure for making this determination 
be avoided. The information should supplement the decision making 
process, not dictate the process. Mine management should have the 
flexibility to base its decisions on the opinion of its experts not the 
trends of its instruments. · 
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1.0 INTRODUCTION 

On February 4, 1991, a substantial roof fall occurred in Room l 
of the Site and Preliminary Design Validation (SPDV) area. At 
the time, the Room had been open for eight years. Similar sigr.s 
of deterioration, but at a less advanced stage, can currently be 
seen in adjacent rooms which are of approximately t~e same age, 
dimension and lithology. A second experimental area, designated 
as Panel 1, has been excavated to similar specifications but at a 
later time such that the age of rooms in Panel 1 is approximately 
three years less than those in the SPDV area. Room 1 of Panel l 
is designated to receive waste for experimental purposes, and 
therefore questions regard~ng its stability have been raised. 

At the request of Westinghouse Electric Corpora~ion, this report 
is being prepared in order to address a series of specific ques
tions related to the stability of Room 1 Panel 1. These ques
tions are enclosed as Appendix 1 for reference. 

In order to provide background information on which to base the 
stability assessment, a review meeting was held in Carlsbad on 
April 9 and 10, 1991, which included an underground tour at the 
WIPP site. A period of approximately one week was then provided 
in order to complete the assessment and reporting. The approach 
and rigor of this assessment must necessarily reflect this brief 
allocation of time. · 

1.1 Methodology 

The strata in which the Rooms are located are primarily comprised 
of halite, with nearby thin beds of clay and anhydrite. Creep is 
a significant factor in the deformational characteristics of 
these strata. More importantly, from a stability point of view, 
fracturing also occurs. Development of f=actures in a creep sus
ceptible material complicates considerably the ability to under
stand and predict rock mass behavior. Either creep or brittle 
failure can be modelled with available computer codes, but cur
rently there is no constitutive model available to allow simula
tions to be made of a creep susceptible material that can also 
develop fractures over time. 

Practical experience is ~vailable from coal, potash and salt 
mines (brittle rock under high stress also exhibits creep if suf
ficiently fractured> in terms of support practice, excavation ge
ometry effects and the like, which can be applied to the WIPP 
site. However, in order to make use of this collected experi
ence, it is essential ~o understand at least in qualitative 
terms, something of :~e fundamental mechanics of the way in whic~ 
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the rock mass is behavinq at the WIPP site in order that the cor
rect experience is borrowed. 

In order to address the specified questions in a meaningful ~an
ner, therefore, a conceptual model of the rock mass behavior Nill 
be proposed, based on observations from site. The model will ce 
qualitative and incomplete, and this will be accounted for in :~e 
manner in which the questions are answered. 
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2.0 CONCEPTUAL MODEL OF ROCK MASS BEHAVIOR 

Fracturinq and deformation of the rock mass around test rooms has 
been documented and discussed by various authors (e.g. Stormont 
1990, Cook 1991). This information provides a reasonable under
standing of the mode of rock mass behavior. The next step in u~
derstanding the rock mass behavior is to develop a conceptual ~e
chanist ic model to explain why the observed mode of behavior oc
curred. 

The data on which the model will be based has been obtained from 
numerous excavations at the WIPP site. Due to the high degree of 
geological uniformity at the site, and the observation that 
similar modes of behavior seem to be occurrinq in all rooms of 
similar dimension, it is reasonable to generalize the data in de
velopinq a sinqle representative model for the rooms in Panel 1 
and the SPDV area. As a starting point for the discussion, 
reference is made to two Figures summarizing observed modes of 
behavior. 

Based on visual observations and instrumentation data, Stormont 
(1990) illustrates the typical fracture patterns observed around 
test rooms, Figure 1. Roof fractures are absent from his sketch, 
possibly because they had not developed at the time his observa
tions were presented. Cook (1991) also shows in sketch format, 
Figure 2, the main aspects of deformation and fracturinq observed 
in Room 1 of the SPDV area where the ground fall occurred. To 
assist in developing the conceptual model, various factors af
fecting the observed behavior will be discussed separately in the 
following sections. 

2.1 Effect of Stress and Room Geometry 

Based on the results of in situ stress measurements, the virgi~ 
stress field at the WIPP level is hydrostatic. This is expected 
in creep susceptible rocks which deform in order to minimize and 
dissipate shear stresses. Nominal diillensions of test rooms are 
33 ft width, 13 ft high and 300 ft long. Figure 3 illustrates 
the main features of stress redistribution around an opening of 
width to height ratio 2:1. The slightly higher aspec~ ratio of 
the test rooms will sho~ similar patte~ns. The most significan~ 
aspect of the resulting stress field is the development of high 
shear stresses near the excavation corners. Tensile stresses are 
induced in the roof and floor, but overall, the total stress 
field in these areas remains compressive. 
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For salt, as with most rock types, areas of high shear stress 
will be more susceptible to fracturing than areas:subjected to 
more uniform compression. Creep also occurs in zones of high 
shear stress, but not in zones of pure compression. 

A correlation has been made between drift span and the nu~~er ~f 
boreholes in which fracturing was observed. This correlation is 
shown in Figure 4. As span increases, there is a significant :~
crease in degree of fracturing observed. From the underground 
visit, it was also noted that the smaller span access drifts did 
not exhibit the fracture development seen in rooms with 33 ft 
spans. 

It is possible, therefore, that some threshold level of shear 
stress is exceeded in the larger span rooms which leads to frac
turing in addition to creep behavior, rather than creep alone. 

· It is also possible that the lower shear stress level in smaller 
span drifts results in fracturing taking place over a longer time 
period. The important inference is that it may be possible to 
limit the onset or rate of fracture growth by reducing the mag
nitude of shear stress to levels found around excavations of 
smaller span. 

2.2 Effect of Geology 

The stress distributions referred to in Figure 3 are for a 
homogeneous isotropic linearly elastic material. Figure 5 shows 
the stratigraphy in the vicinity of the WIPP excavations, which 
is far from homogeneous. Stress distributions will be affected 
by geology due to variations properties such as stiff~ess and 
strength. The distribution of creeping versus non-creeping 
materials will also affect the stress distribution with ti~e. 
This is important where anhydrite is adjacent to salt, as with 
marker bed MB139. 

Instrumentation results show that slip oc=urs on clay seams lo
cated near the excavations i.e. at the anhydrite "a" and "b" 
seams above the roof and along the lower boundary of marker bed 
M9l39 below the floor. Shear slip is also a means of dissipat:~q 
shear stress and altering the flow of stress aro~nd t~e excava
tion. Additionally, the· immediate roof and floor will ac~ as 
"beams~ rather than as continuous portions of the rock mass. 
Stormont (l990) shows that shear displacements also occur on a 
clay seam located between approximately 32 and 38 ft above the 
roof of the test rooms. This observation illustrates ~he poten
tial low strength of clay seams and the extent of infl~ence of 
the excavation. 
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Fracturing of marker bed MB139 is probably relate~ to its higher 
stiffness, and lack of creep behavior. Despite the salt layer in 
the immediate floor being of lower strength, higher stresses 
could be induced in the anhydrite due to its higher stiffness. 
Shear stresses induced in the salt layer could dissipate th=oucrh 
creep leaving the higher strength anhydrite to bear an inc=easing 
load. Subsequent fracturing of the anhydrite would in turn 
result in its load carrying capacity being reduced. Load would 
then again be transferred to the relatively thin beam of salt in 
the floor. Observations indicate that fracturing of the salt 
beam does occurs after the anhydrite has become fractured. The 
role of weak parting planes, particularly that of anhydrite "b", 
is therefore important to account for. 

2.3 E~fect of Creep 

The ideal excavation shape in a hydrostatic stress field is cir
cular. This shape has the least concentration of shear stresses. 
Rooms in the SPOV and Panel l areas have a relatively high aspect 
ratio which results in high shear stresses near the corners of 
the excavations. Creep occurs most quickly where there are high 
shear stresses, and over time, creep will tend to reduce shear 
stress magnitudes and gradients. 

As creep occurs, displacements, or strains, occur. From 
laboratory test results, the rate of strain is also greatest in 
areas of high shear stress, and it is reasonable to assume that 
if the rate of strain is high enough, the material behavior will 
be brittle rather than ductile. Brittle failure, or fracturing, 
will therefore most likely occur in those areas of highest shear 
stress. This is consistent with the locations of observed frac
turing around the excavations. 

If laboratory data on the effect of loading rate on the behavior 
of salt is available, it may be possible to correlate this with 
shear strain rates predicted from computer models of rooms of 
various sizes. These results could then be compared with obser
vations. 

There are many other aspects of c=eep.which could influence t~e 
stability of the strata immediately around the experimental 
rooms, such as the way £n which the "stress arch" may migrate 
away from the roof and floor strata. Horizontal compressive 
stresses are known to be beneficial in negating the effects of 
induced tensile stresses. Movement of these confining st=esses 
away from the excavation roof may contribute to the time depen
dent stabili~y problen. 
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These effects cannot be addressed in this study, but should 
certainly be considered in a more thorough analysis. 

2.4 Effect of Rockbolts 

Mechanically anchored rockbolts of 10 ft :ength were installed in 
Room l Panel l two years after t~e completion of excavation. No 
effect on convergence has been seen. There is concern, the=e
fore, as to the effectiveness of rockbolts in arresting the de
velopment of potential failure surfaces in the roof, or indeed, 
their ability to suspend a wedge in the roof should it become 
detached. 

The problem of rockbolt effectiveness is of great importance as 
rockbolts are traditionally the most common means of stabilizing 
potentially unstable rock conditions. Unlike passive support 
such as c~ibs or packs placed against the surface of the excava
tion, rockbolts are not invasive and would not interfere with the 
movement of personnel or machinery in the rooms. 

Con~idering the creep behavior of salt, however, mechanically an
chored bolts are not believed to be a good choice of bolt type. 
These bolts develop their load carrying capacity by generating 
high contact stresses at the anchorage. This could be relaxed 
with time through creep. Also, as the rock contained between the 
anchorage point and the face of the excavation also creeps, it is 
quite possible that the bolt would be kept in tension. This pro
cess would cause the anchor wedge to push the shell into the 
salt, which could eventually result in the wedge pulling through 
the shell resulting in complete failure of the bolt. For a num
ber of reasons, therefore, it is considered that mechanically an
chored bolts are a poor choice for use in salt. 

Building on the concept that salt c=eeps in response to shear 
stresses, it is most likely that bolts which generate their an
chorage by inducing only small shear stresses would be most ef
fective. In mining, long bolts are normally replaced by cable 
bolts, which are basically long grouted cable ropes. When this 
type of bolt is loaded, shear stress builds up along the 
grout/rock interface being largest near the load and decaying 
along the length of the bolt. In a creep susceptible material, 
it is most likely that the shear stress would ~igrate along the 
length of the bolt with time to a more favorable distribution, 
and that the resistance of the bolt could be maintained for a 
long period of time relative to the desired experimental time 
frame. 

Strategic location o: rockbolts in a stress field with a high 
compressive stress n:=~al to the axis of the bolt would also fa-
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cilitate the maintenance of a high bond shear stress. This is an 
aspect which can be readily addressed by conventional numerical 
modelling. 

With regard to the mechanical bolts currently in place, it quite 
likely that they are not very effective. Even if the load is 
being maintained, the mechanism by which the fractures in the 
roof develop is unlikely to be affected at all by the bolts. 
This mechanism will be enlarged on below ac which poi~t the ef
fectiveness of the bolts currently in place will be discussed 
again. 

2.4 Numerical Modelling of Experimental Rooms 

As stated above, it is not possible at this time to develop a 
model incorporating both creep· and brittle fracture behavior. 
Instead, a simple elastic model will be used. Since the rate at 
which excavations are mined is fast relative to creep time con
stants, the elastic state of stress will most likely provide a 
reasonable approximation to the state of stress existing in the 
short term. While it is recognized that it is not necessarily 
the correct model to use, it will be of use for conceptual pur~ 
poses. In conjunction with some of the concepts discussed above, 
it is believed that a reasonable interpretation of the mechanics 
of the room behavior can be made. The particular code used is 
FLAC, developed by Itasca Consulting Group Inc. 

Figure 6 shows contours of principal stress difference (actually 
twice the maximum shear stress) around an excavation with the 
same geometry and stress conditions as those in Panel 1. The 
model boundaries are more extensive than shown as only the area 
of immediate interest is shown in the figures. Also, due to the 
use of symmetry, only one quarter of the excavation is shown. 
For the immediate purpose of this discussion, absolute magnitudes 
of stress (in psf here> are unimportant. Rather, it is relative 
states of stress between the various models that will be dis
c~ssed. 

The figure snows that as expected, the largest shear stresses are 
found at the corners of the excavation. Q~alitatively, the shape 
of the high shear stress "bulb" does in fact angle upward over 
the roofline. Figure 7 shows principal stress vectors for this 
same model. This is included for reference purposes. 

A significant effect on the stress distribution shown in Figure 6 
is brought about by introducing a plane with low frictional 
resistance at the position of the anhydrite "b" layer. As a 
coarse approximation to this clay layer, a plane of zero fric-
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tional resistance is modelled. Figures 8 and 9 show shear stress 
contours and principal stress vectors, respectively, for this 
model. The horizontal line above the room marks the location of 
the slip plane. When compared to Figures 6 and 7, the effect of 
the slip plane is seen to relieve shear stress and to change the 
orientation of principal stresses. 

As a result of this process, the shear stress magnitude in the 
corner of the roof (slightly over the excavation) is increased, 
and the roof beam formed is placed in a state of higher uniaxial 
compression. These two factors alone could aggravate the devel
opment of shear fractures in the roof due to high shear strain 
rates. Floor fracturing could also occur through the same me
chanism, but will be complicated by the effect of marker bed 
MB139 as described above. Floor stability is not as important as 
that of the roof, therefore, attention will be focussed mainly on 
roof stability. 

Given the uniformity of the clay layer at the anhydrite "b" loca
tion and the high magnitude of shear stresses developed, it is 
likely that, at least above the corners of the rooms, some amount 
of shear slip occurs during excavation. Instrumentation would 
not be able to see this slip as it would already have occurred 
prior to installing any instrument. In the same manner, the 
driving mechanism of generating the high shear stress would be 
unaffected by rockbolts, which would also be installed after ex
cavation. 

To account for the asymmetrical development of the shear frac
tures in the roof, it must be recognized that a rock mass is not 
uniformly strong. Spatial variations in strength will most like
ly lead to the initiation of fracturing at random points along 
the roof edges. Once a particular fracture has propagated up to 
the anhydrite "b" layer it would be arrested. Growth of the 
fracture on the opposite side of the roof would probably not be 
arrested however, as the driving compressive stresses could still 
be transmitted around the edges of the fracture surface. Comple
tion of the fracture to the anhydrite "b" layer would therefore 
not necessarily result in the creation of a "stress relieving" 
surface. F~ow of stress in the roof beam would become quite com
plex, certainly more than can be reasonably deduced here. 

Creep is also believed to form an important part of the driving 
mechanism for sustained fracture growth in the roof. Referring 
to Figure 8, high shear stresses exist in the sidewalls of the 
room. Fracturing ~as been observed in the sidewalls (see Figure 
1) which is consisten~ with this point, but the sustained drivi~g 
mechanism for roof failure is probably rooted in the lateral 
creep of sale caused by high sidewall stresses . T~e sidewalls 
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of the room effectively behave as high stress pillar edges. 
Lateral creep can be thought of as being induced by slow founda
tion heave, a phenomenon observed also in non creeping rock. The 
most important aspect of this mechanism is that even if fractures 
in.the roof beam have formed a complete wedge, as shown in Fig
ure 2, continued lateral movement of the sidewall foundation 
would continue to push inwards, thereby driving the roof wedge 
downwards. 

One further aspect of asymmetrical fracture growth which should 
be considered is the possibility of forced cantilever bending. 
The "intact" side of the resulting cantilever would be bent as 
the opposite side becomes forced down by the inward movement of 
the sidewall part of the roof wedge. This process could lead to 
induced tensile stresses on the upper side of the roof beam on 
the cantilevered side of the beam. Only careful observation of 

· the fracture surf ace growth and displacement of the roof beam 
would completely resolve the mechanism. 

Shear dislocation on the fracture surface would occur during 
downward dislocation of the roof wedge, and the effect of this on 
rock bolt integrity must be considered. Also, once the beam has 
been sheared through on both sides to form a wedge, the horizon
tal stresses in the roof beam could be greatly reduced. These 
horizontal stresses could act to stabilize the lateral def orma-
t ion of the sidewall foundation, and once the restraining pres
sure is relieved it might be possible that lateral creep would 
accelerate. Convergence measurements prior to failure showed an 
acceleration in the rate of closure, but the complicated nature 
of failure processes may involve other mechanisms. 

2.5 Summary of Main Asoects of Failure Mechanisms 

This section highlights some of the more important aspects of the 
preceding discussion. The proposed mechanisms should be consid
ered hypothetical at this stage, but there is some consistency 
with observed behavior and general knowledge of salt ano =ock be
havior. It is strongly recommended that access be allowed to 
Room 1 of the SPDV area to inspect in detail the collapse sur
faces. Valuable information en the failu=e process may be 
gained. 

i) High shear stresses are induced in the corners of the rooms 
due to the width to height ratio in a hydrostatic st=ess 
field. 
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The clay seams located near the rooms allow _slip to take 
place, increasing the concentrations of shear stress and 
delineating beams in the roof and floor. As part of the 
stress redistribution caused by slip, horizontal stresses 
in the beams are increased. 

iii) Higher horizontal stresses are induced in marker bed ME139 
due to its higher stiffness and non-creeping behavior. 
This leads to fracturing and dilation beneath the rooms. 

iv) As failure occurs in MB139, more load is transferred to the 
thin salt beam in the immediate floor. As a result of 
this, high shear stress will be induced in the ends of the 
floor beam near the sidewalls. 

V) Fracturing of salt will occur if some critical shear stress 
level is exceeded, as the rate of strain will be higher 
than a level which can be accommodated by creep. This will 
lead to fracture growth and initiation in the floor beam 
prior to the roof beam. Fracturing will initiate .preferen
tially on the boundary of the room and propagate inward, 
rather than initiating within the rock mass. This is sig
nificant in that roof instability should not be a problem 
until a reasonable amount of. fracture growth is seen on the 
surface of the rooms . 

vi) Fracture growth in the salt in both roof and floor will 
probably be asymmetrical due to variations in local 
strength. It is most likely, however, that even when a 
fracture on one side of the room has propagated completely 
through the beam, the flow of horizontal stress around the 
fracture surface in the longitudinal axis of the room will 
still lead to continued fracture growth. The existence of 
the fractures does not necessarily lead to stress relief. 

vii) Creep of the sidewall foundations provides a sustainable 
driving mechanism to push the resulting roof wedge down. 
Separation of the wedge from the overlying clay seam would 
be expected. Along with shear displacement on the fracture 
surfaces, dilation related opening would be expected. 

vii) Mechanically anchared·rockbolts are not the most suitable 
type of bolt to provide long term support resistance in a 
creeping material. The rockbolts currently installed in 
Panel 1 Room 1 are probably not be contributing much in ar
resting fracture initiation and growt~ as they will not af
fect the magnitude of shear stresses responsible for frac
turing. 
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viii) The length of rockbolt currently used (10 f~) is considered 
too short to provide good anchorage above the anhydrite "b" 
layer. Longer fully grouted bolts should be considered. 
Advantage could be taken of placing rockbolts in zones 
where there would be a compressive component of stress 
normal to the axis of the bolt. 

ix) The effect of creep on fully grouted rockbolts or cable 
bolts needs to be examined before reliability figures can 
be assigned to their sustained support resistance. 

xi) The effect of creep on redistribution of stress in the time 
frame of the required room life should be examined. It is 
not expected to drastically alter the picture presented 
above, but is required for a better understanding of the 

xi) 

problem. · 

Due to the qualitative nature of the conceptual model, 
quantitative assessment of stability cannot be addressed. 
Experience gained from other sites will not necessarily 
apply to the WIPP site unless similar mechanisms are at 
work. To assign confidence levels in terms of a probabil
ity to any recommendations cannot be done. It is possible, 
however, to make qualitative statements regarding.con
fidence levels, which is commonly the case with engin~ering 
judgment, but the probability of the outcome must remain 
unquantified. 
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3.0 SUGGESTED REMEDIAL ACTION 

Having defined at least in qualitative terms some aspects of the 
basic mechanisms operating at the WIPP site, a more realistic ap
proach to developing remedial measures can be taken. The problem 
at hand is to carry out some action which will increase the ex
pected life of Room 1 Panel 1. The solutions to be discussed 
will be limited to being applicable to the existing rooms and not 
to future room layouts. 

From the preceding discussion, high shear stresses in the roof 
near the sidewalls cause fracture initiation and growth. The 
main factors in causing the shear stress are the aspect ratio of 

. the rooms, the stress field, and the slip on anhydrite "b" 
delineating a beam. It is not possible to do anything about the 
anhydrite "b" layer in the existing rooms, but the stress field 
can be changed by further excavation or slot cutting. Support in 
te~ms of longer grouted anchors will also play an important role. 

Attention will be focussed on roof stability. Floor instability 
is not as important, and evidence suggests that floor fracturing 
in Room 1 is sufficiently advanced that a wedge has already been 
for-~d. The floor component of convergence is not available ·~ 
the time of writing, but it has been suggested that after approx
imately five years, this component reduces. Likewise, sidewall 
stability is not seen to be a problem and will not be considered. 

3.1 Some Possibilities 

Categories of remedial action are: 

i) Cutting slots. 

ii) Excavating nearby openings. 

iii) Additional support. 

Additional support will result in the least disruption to the 
current expe~imental program, but it does not eliminate or change 
the reason for the development of failure. However, it is recom
mended that additional S'Upport should' be installed as soon as 
possible, but it should be done in conjunction with action to 
modify the stress field. Areal support such as mesh would also 
be of benefit in containing loose material, which would increase 
personnel safety a~d help to reduce maintenance such as scaling. 

Due to the large size of the pillars separating rooms, the option 
to excavate nearby openings is viable. The purpose of these 
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rooms would be to result in a reduction of shear stress con
centrations in the experimental room boundaries. ·For example, a 
small excavation located a short distance into the sidewall could 
result in the intervening pillar acting as a yield pillar. Fig
ure 10 illustrates the concept. The yield pillar would have to 
be of sufficiently small width that its load carrying capacity 
would be limited. Foundation stresses would therefore be limited 
which would in turn limit the development of shear stresses. 
Shear fracturing would still develop in the "sacrificial" rooms, 
but should failure of the beam take place, it would be supported 
by the yield pillar, and of course, by rockbolts. 

A number of variations of this layout are possible, such as in
creasing the height of the sacrificial rooms up to the anhydrite 
"b" layer and down to the clay seam below MB139. This would ef
fectively isolate the roof and floor beams, but could lead to the 
formation of an additional roof beam between anhydrite "b" and 
"a". The consequences of this action cannot be accurately 
predicted at this time. 

A further possibility for use of additional excavations would be 
to create rooms of smaller span in the middle of the existing 
pillars. As shown in Figure 4, a reduction in room span results 
in more stable conditions. The smaller span rooms could be used 
for experimental purposes due to their longer anticipated stable 
life. This solution, however, would not stabilize the existing 
rooms. 

In general, excavation of additional openings to alter the stress 
field is conceptually sound, but contains numerous practical dif
ficulties. Given the circumstances at the WIPP site, it is un
likely that these solutions could be carried out with sufficient 
reliability to provide the desired effect. In a mining environ
ment this would not necessarily be a problem as some degree of 
experimentation with remedial measures is often carried out. 
This flexibility may not exist at the WIPP site. 

Slots cut into the sidewalls or roof can affect the distribution 
of stress significantly without the need for additional excava
tion. Slot cutting in salt could be done using standard equip
ment used in coal mines. Slot depths of 8 ft to 10 ft could 
quite easily be mined, and with simple modifications, deeper 
slots could be cut. 
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For the rooms in Panel 1, slot cutting offers a r~latively simple 
means of changing the stress field. In conjunction with addi
tional rock support, this option seems to offer an effective 
means of extending the life of the rooms. 

3.2 Location of Slots 

This section considers the relative merits associated with plac
ing slots at various positions in the rooms. Use was made of 
numerical modelling to carry out this comparison. As before, 
simple elastic models were used. In each case, a slip plane was 
placed at the locations of the clay seams above and below the 
rooms. Due to symmetry, only half of the actual geometry is 
modelled, with the vertical centerline of the rooms being taken 
as a plane of symmetry. 

Figures 11 and 12 show contours of principal stress difference 
(twice the maximum shear stress) and principal stress vectors, 
respectively, around a room with the same geometry, stress and 
boundary conditions as the rooms in Panel 1. A window containing 
only the area of interest is shown, and actual model boundaries 
extend further away from ~he room. Reference will be made to 
these figures when examining the effects of placing slots at var
ious locations. 

3.2.1 Horizontal Slot in Sidewall at Roof Level 

Figures 13 and 14 show principal stress difference contours and 
principal stress vectors, respectively, for the case of a 
horizontal slot of length 10 ft placed in the sidewall at the 
roof level. In comparison to Figures 11 and 12 the effect of the 
slot is to shift the zone of high shear stress in the roof beam 
into the sidewall above the slot. If a deeper slot had been cut, 
the shear stress would be shifted f~rther in. Due to considera
tion of the thickness of the roof beam, however, a 10 ft slot is 
considered adequate depth. 

The magnitude of the shear st=ess is essentially unalte=ed fro~ 
the case where no slot is used. Si~ilarly, horizontal stress 
magnitudes in the roof beam are not significantly affected. At 
the location where the shear stress fractures tend to develop, 
however, shear stress magnitude is significantly reduced. It 
would be expected, therefore, that further growth of shear frac
tures over the edge of the roofline should be arrested. New in
itiation and growth of shear fractures would be expected to start 
above and at the back of the slot. 
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Given the time period over which the roof fracturing take place, 
namely, visible initiation after approximately five years, and a 
growth period beyond that, overall failure would be delayed by 
this strategy. 

In addition to the slot, a significant suppor·t effort in ter:ns of 
long grouted cables should be implemented. Support of the sepa
rated roof beam could therefore be provided for, should this oc
cur during the period in which the experiments are being carried 
out. 

A further aspect of support which should be considered is the 
slot itself. The width of the slot will be less than 1 ft when 
cut. This dimension could be modified if desired, but it is pos
sible that due to convergence, contact could again be re
established between the top and bottom surfaces of the slot. 
This is not entirely undesirable, as a reintroduction of normal 
stress will reduce the shear stress concentration around the tip 
of the slot. Provided the slot surfaces do not become locked, 
i.e. they would slip, high shear stresses would not be . 
regenerated. Also, should the fracture at the back of the slot 
propagate completely through the roof beam on both sides of the 
room to delineate a roof wedge, the sides of the wedge would be
come supported by the lower half o.f the slot even if consider3.ble 
slip of rockbolts would occur. 

If the roof wedge were to rest on the lower surface of the slot, 
it would be necessary to ensure that the weight of the wedge 
would not result in failure of the sidewalls. This mode of fail
ure is not likely to occur, but should be examined more carefully 
if this option is to be implemented. 

The advantages of horizontal slots are therefore: 

i) Shear stress is relieved at the roof /sidewall location and 
transferred into the sidewall. 

ii) Shear fracturing at the edge of the roof should be arrested 
due to the large reduction in shear stress magnitude. Shear 
fracturing at the end of the slot would probably initiate, 
but would not be of concern for ~ number of years. 

iii) The lower half of the slot could provide support should a 
wedge be formed by fracturing. Rockbolt support would also 
provide support resistance. 

The major disadvantage of this type of slot is that fracturing 
would not be eliminated. 
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3.2.2 Vertical Slot in Roof at the Room Sidewall 

Figures 15 and 16 show principal stress difference contours and 
principal stress vectors, respectively, for the case of a verti
cal slot in the roof at the sidewall. The slot is extended up to 
the clay seam below anhydrite "b". There is a significant reduc
tion in shear stress magnitude all around the roof and the slot 
itself. The major reason for this is the slip and shear stress 
relief caused by the slip plane. In reality, some degree of 
frictional resistance would exist, and shear stress dissipation 
would not be as dramatic. In this sense, the clay layer acts as 
a pre-existing stress relief slot. 

If slots are cut at both sidewalls, the roof beam would detach 
along anhydrite "b", requiring that rockbolts carry the full dead 
weight of the resulting block. Provided that long term load car
rying cap~city could be maintained, the weight of the block could 
easily be supported by rockbolts. 

Note that this latter option is effectively the same as if the 
roof were to be taken down. This practice would be an acceptable 
solution in a mining environment. However, by enlarging any ex
cavation, p·roblems may develop in the strata exposed. shear 
stress failure could take place higher up. Risk of disturbing an 
even larger volume of rock always accompanies excavation enlarge
ment. This possibility would need to be examined more carefully 
if this option were to be considered. 

A slot cut along a single sidewall would provide stress relief, 
but over time, lateral creep in the sidewall foundation would 
tend to push the remaining roof beam into the slot. The effect 
of this shearing action on rock support is not known, and would 
have to be addressed if this option were to be used. To enhance 
the effectiveness of rockbolts in this case, it may be of benefit 
to incline the direction of the bolts away from the side on which 
the slot would be cut. This would reduce the effect of shearing 
somewhat. Oversized boltholes would also be of benefit. 

Advantages of this type of slot are: 

i) A high· degree of stress relief in the roof strata. 

ii) Further stress fracturing is unlikely. 

Disadvantages are: 

i) The full dead weig~~ of the roof beam must be supported in 
the long term by =ockbolts (cribs could be used but would 
interfere with t~e purpose of the rooms> . 
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ii) With the increased effective height of the room, there could 
be a secondary effect on overlying strata, particularly the 
subsequent beam formed between anhydrite "b" and "a", or 
higher at the 32 to 38 ft level where slip has already been 
observed. It would be prudent to install rockbolts into the 
strata above anhydrite "a". 

ii) The effect of shear dislocation of the roof beam on ~ockbolt 
integrity brought about by creep would need to be examined 
if only one slot were to be cut. 

3.2.3 Vertical Slot in Roof at Center of Room 

A single slot cut in the center of the roof up to anhydrite "b" 
would have a similar effect to a vertical slot cut in the roof at 
the sidewall. Figures 17 and 18 show principal stress difference 
contours and principal stress vectors, respectively, for this 
case. Shear stresses shown in Figure 17 in the roof beam above 
the abutment are most likely related to bending of the beam as a 
cantilever. Rock bolting would eliminate this bending and these 
shear stresses. 

Essentially the same advantages and disadvantages apply to this 
option as for the vertical slots at the excavation sidewalls. 

3.3 Most Favorable Slot Location 

There are advantages and disadvantages to each slot location dis
cussed. The vertical slots result in the most favorable stress 
distributions as the shape of the resulting "excavation" has a 
more favorable aspect ratio for the hydrostatic stress field. 
However, the requirement that rockbolt support perform well is a 
more important requirement for continued stability. Effective 
rockbolt support can most likely be provided if long grouted an
chors are used, but this remains to be proven. 

The horizontal slot option will most likely result in further 
stress fracture growth near the end of the slot, and again, the 
requirement for rockbol~ support. Ho~ever, should rockbolt sup
port not be completely effective, the l~wer part of the slot 
could still provide additional support. While this option may 
not be as favorable with regard to stress distributions and frac
turing, it has merit in terms of less risk in terms of what might 
be expected. 

Further study to resolve some of these issues is clearly indi
cated. Once some o: t~e uncertainties have been resolved, the 
most favorable cho~=a should become apparent. 
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3.4 Monitoring and Further Experimentation 

While there is a wealth of data concerning rock mass behavior at 
the WIPP site, much of the instruments were placed prior to the 
development of fractures. In view of the behavior now being ob
served, an important aspect of monitoring is to help identify and 
confirm the mechanics of the failure process. With this new ob
jectives in mind, additional instrumentation should be installed. 

One of the most critical aspect of the suggested remedial 
measures is the performance of rockbolts. It is highly recom
mended that the effectiveness of fully grouted rockbolts be exam
ined experimentally, by installing instrumented bolts. The ob
jective of these tests would be to quantify the time dependent 
load deformation characteristics of the bolts. 

Due to the time required for such an experiment, it is also 
recommended that rockbolt effectiveness be examined numerically. 
A model of a rockbolt embedded in a creeping material could be 
constructed, using a creep constitutive model calibrated for the 
WIPP site. Figure 19(a) shows how such a model could be con
structed. 

The capability to carry out the latter simulation exists in the 
FLAC code used to perform the elastic analyses presented in this 
report. Once the behavior of a single rockbolt is understood in 
detail, the rockbolt constitutive law in FLAC could be modified 
to conform to the calculated creep response. A simulation of the 
test room with rockbolt support, such as depicted in Figure 19(b) 
could then be carried out. The predictions of the numerical ttex
periment" of the rockbolt pull test could be compared with the 
experimental bolt as results became available, and any correc
tions made. 

When designing a rockbolt support pattern, efforts should be made 
to keep the bond shear stress as low as possible. It would be 
prudent, therefore to incorporate a reasonable factor of safety 
when computi~g the shear stress based on the load to be carried. 
The results of the pull tests would also be useful, as they would 
indicate whether debondi_ng would occur, or whether the shear 
stress would be distributed along the length of the bolt with 
time. 
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3.5 The Role of Probability 

If the probability of some event taking place can be calculated, 
then there is some basis for making decisions involving risk. To 
carry out a probabilistic stability assessment requires a good 
knowledge of the basic mechanics of failure and the relevant pa
rameters, or a reasonable data base of case histories. 

For rooms in Panel l there is insufficient data to perform any 
quantitative estimate of probability of collapse at a specified 
time period, moreover, probability is only an estimate at best. 
Particular geological weaknesses at a specific location under 
consideration may place its time to failure anywhere on the prob
ability curve. In this sense, information on probability is only 
useful as general indication of stability for a large number of 
rooms. For assessing the stability of a single room, detailed 

· observations would be required. Questions dealing with time 
estimates for failure of Room 1 cannot therefore be addressed at 
this time. 

Failure data from other rooms can give guidance on the sequence 
of events leading up to failure, and also an indication of the 
time frame in which failure will take place, but, one zone of 
weakness in the rock mass. in the room of interest could cause 
substantial differences in the failure processes to take place. 
Monitoring and up-to-date interpretation of the rock mass behav
ior is the most reliable means of predicting the development of. 
instability. 
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4.0 RESPONSE TO SPECIFIED QUESTIONS 

The questions to be addressed are reproduced in Appendix 1. Many 
of_ the questions are related to quantifying factors such as room 
stability or placing estimates of reliability on certain state
ments. Given that the mechanical processes at the site are not 
well understood, it will not always be possible to answer the 
questions in a meaningful manner. For this reason, t~e back
ground information and suggested remedial measures were presented 
in the previous sections in order to provide reference material 
while dealing with the questions. 

4.1 Statement 1 

This statement relates to the stability over time of Room 1 Panel 
1 . 

Signs of roof fracture development are visible in this room, and 
significant fracturing and deformation of the floor has_occurred • 
Based on the preceding discussion, it is not likely that the room 
would remain stable for the required period of 11 (total) years 
without remedial action. Similarly, limited action such as scal
ing would be mainly cosmetic as it. would not affect the fundamen
tal processes related to the development of the failure process. 

The "specific factors to be addressed" relate to reliability 
estimates which for reasons stated in the previous sections can
not be quantified. 

The life of Room 1 could be increased with confidence by adopting 
the remedial action described in the preceding sections. These 
measures should also eliminate the need for maintenance of the 
roof for a reasonable period of time relative to the time frame 
of the proposed experiment. As a further means of protecting the 
bins from floor movements, it may be possible to mount the bins 
on supports that are anchored to the room sidewalls. Floor heave 
would therefore not be of concern or cause any disturbance. 

4.2 Statement 2 
. 

This statement refers to the effectiveness of ~ockbolts currently 
installed in Room 1. 

As stated, it is not likely that the rockbolts currently in
stalled in Room l will be effec~ive in supporting a wedge of :~e 
type formed in Room l of the SPDV area. The rockbolt paccern and 
the basis on which it was designed would be acceptable in frac-
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tured, hard, non-creeping rock, but the mechanisms at work at the 
WIPP site are thought to be sufficiently different that alternate 
design criteria should be used. Consequently, "factor of safety" 
as- currently calculated is most likely inapplicable, especially 
considering the time dependent nature of the creep loading pro
cess. 

If vertical slots are cut, or any enlargement of the current room 
size is made, there will be an increased risk of adversely af
fecting strata above anhydrite "b" in the time frame of the ex
periments. It is not likely however that any progressive upward 
failure would take place as fast as with the current room geom
etry. In view of the known large extent of strata disturbance, 
however, the possibility should not be discounted. Adequate 
monitoring should provide warning of such behavior. 

In order to determine the effectiveness of rockbolts in accom
modating creep, it is recommended that instrumented long grouted 
rockbolts be installed. Concurrently with this, analyses of the 
tyP.e proposed in the previous sections could be carried out. 
Since performance of bolts in salt is not well documented, rock
bolt behavior needs to be verified for design purposes. 

4.3 Statement 3 

This statement concerns the reliability of stability estimates 
for Room 1 in comparison to reliability estimates presently ap
plied in mining practice. 

As stated in section 3.5, probability esti~ates of failure as 
currently performed require an understanding of the mechanics of 
failure, the parameters involved and their numerical values, or a 
database of case histories on which to carry our statistical 
analyses. Uncertainty is normally associated with measurable 
quantities, and reliability estimates assume that the analytical 
model being used in the calculation is valid. 

In the case of Room 1, it is far from clear exactly what model to 
use for the failure mechanisms, or the parameter values involved. 
In this context, therefore, there is insufficient information 
available to carry out meaningful probabilistic assessments of 
stability, particularly for prediction of stability longer than 
the cur~ent age of roo~s for which there is no information. 

Geologic structures are by their nature stochastic in behavior at 
various scales. Strength will vary spatially, and due to creep, 
it will vary over ti~e depending on the strain rates that may oc
cur. These factors decrease the ability to determine precisely 
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what will happen in a given situation. In typical mining en
vironments, probabilistic assessments are seldom carried out, and 
are mostly used for comparing risk associated with the outcome of 
different 6ourses of action. Experience is normally used as a 
substitute. Levels of risk of less than l in 106 would not be 
reasonable in mining situations due to lack of well documented 
cases on which to base such precise computations. 

4.4 Statement 4 

This statement is concerned with modifications to the current 
support system to maintain stability. 

Additional support is considered essential if the existing rooms 
in Panel 1 are to be used for several years to come. However, 
support alone is unlikely to be adequate. The use of rockbolts 
as part of the remedial measures has been discussed previously, 
and as stated, it is essential to determine how they will behave 
over a period of several years. Additional support should also 
include mesh to prevent fallout of smaller pieces of salt from 
the roof. Jhis will help to reduce maintenance activities. 

If mesh is to be used, then it will be necessary to remove the 
cables currently installed in the roof of Room 1. If a slot is 
to be cut in the sidewall at roof level, then this will also re
quire removal of the cables. 

4.5 Statement 5 

This statement concerns the effectiveness of the current monitor
ing program to provide early warning of failure. 

Based on the experience with Room 1 of the SPDV area, up to two 
year's advance warning of failure was seen by examining the 
results of monitoring. As a forward process, however, there is 
always difficulty in discriminating signs of failure from other 
sources of noise, for example seasonal variations. Furthermore, 
once "failure" has started, the process will take place at dif
ferent rates in different rooms due to variations in geology etc. 
There is insufficient da~a available, 'based on only one failure 
event, to know the variability of this ti~e to failure once warn
ing signs have started. Depending upon when it is decided that 
indeed failure is going to take place, six months required to 
remove bins may be inadequate. 

Given that the mechanism of failure is not well defined, and in
stru~entation based on an understanding of this mechanism has not 
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been placed, it is considered that additional instruments should 
be installed. Only when the failure mechanism is.reasonably ~ell 
understood, and instruments have been placed to monitor the pro
cess, will there be adequate tools to provide reliable warning. 
Criteria to determine when waste should be removed could be de
veloped after the preceding steps have been carried out, and only 
then could any meaningful estimate be made of how long a warni~g 
period could be given . 
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APPENDIX I 

Questions to be Addressed 
Regarding Stability of Room 1, Panel 1 
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~l REVISICN 0 

An estimata can l:a established for the period ot ti.ma that Panel l, in 
particular P.ccn 1 remains ao::essible on a daily basis beyond JW.y 1991. 

'Iha tollcwin; cases shcUld be considered: 

i. No maintenanca in terms of seal.in; ot root, millin; of floor or 
installation of additional support. 

2. Lbnited mintenance without movinq bins. 

3. ectensiva maintenance on an as required basis, with bins 
rEmJY8d fran rcx::m, if necessary durirq traintenanca activities. 

Assyrtptiqis 

l. Roen height on J'Ul.y l, 1991, 13.S feet and mirU.Jmlm roan height 
needed to supp::>rt equ.ipnent clearances, 10.0 feet. 

2;. Roal initially excavated i.n 3uly/'Al:qJst 1986. 

Fac::tors to be J.Mrn-uQ 

1. 'Iba ability ot the Panel to address Statement 1 based on the 
avail.a.bl• information. 

2. Best estmata tor life of P.ocm 1. 

3. IDwm:' a.rd upper 1xJurd estimates for the lite of Roal l. 

4. Levels ot uncertainty associated with estimates. 

5. Reasons for the levels of uncertainty. 

6. Additional infornation that would be needed to ~ esti:trates. 



REVISIOO l 

'Iha rc:x:ldx:llt system as currently contigured, is sufficiently effective to 
eJ1SUr8 that the test program in Panel l, in particular Roan l can be 
carpleted. 

Assurrptions 

l. 'Ihe test progi:am will start in July 1991. 

;; , ~a 1cesQ !9~~am will be eo::.:plebed i:I1 ::ittl:y 1996. 

J , ~ie11atl e&Rl Reem l: eaA ee aee u;::li&Aea eee1"eerl Jtl:l:} 13 9 6 aid 
~ 1997. 

4. 'Iha bllis ~be disconnected and moved to facilitate 
maintenance of the rooms. 

Revised Assurrption 

(replacinq Assumptions 2 & J) 

'Iha test pzc:qi:am including retrieval will be cat'pleted 'af J'Ul.y 2000. 

Factors to be Wressec:l 

l. 'Ihe a.tfect that the charqes associated with the test program have 
on ~ requirements for Roan l, Panel l. 

2. the rock load to be supported is approximately the fUll weight of 
the roof beam upto the anhydrite "b" layer in the middle third of 
the span, and half this weight over the outer two thirds. 

J. 'Ihe adequacy of the factor of -;afety of the J::olting system used in 
Roan l, Panel l to support ti:- Jesign rock load. 

4. 'Ihe salt al::love the anhydrite "b" will remain cottp:tent. 

s. Slippage of anchors provides an acceptable approach to supporting 
the rock load W'hile accorrra:iating roof closure, with daily access 
to the room. 

6. 'Ihe mechanism 'af which tr.e bolt anchors will accorr.odate the 
m:JVement of the salt • ... hile supporting thEl! imnediate roof beam. 
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'Iba level of ccnf idence that can be placed in the estimate of the li!e for 
Panel l provided in the response to Statement l is in ao:xn:dance with 
accepted mininq practises. 

f act:ors to be Mc2ressed 
i. 'Iha extent to which a probabilistic basis for determininq t'isk 

assesessment is pre..~tly applied in mininq. 

2. 'Iha qualitative nature ot geologic information. 

J. 'Iba extent to \which a database or experience is available in the 
m.inirq irdustry fran an operations point ot view to provide 
meanin;tu.l judgements at the probability levels used in ~ 
nuclear irdustry (i.e. probabilities ot less than l in 10 ) • 
'lhis is not to be applied to an assessment ot the lon;tenl {l0,000 
year) performance ot a repository. · · 

4. 'Iha adequacy of the qecr.iec:hani.cal database develepd at the WIPP 
and the methods currently in place to evaluate the pertormanc:e ot 
openings • 



S'IM'EMENl' 4 

Mcxlitications to·tha support system in Panell can be ~lemented to 
ensure that access is maintained to the roc:ms on a daily basis until the 
tests are ~lat.ad. 

Fag:cg to bo N'('r=Md 

l. 'Iha mcdifications and additions to the support system needed to 
ensure the ~letion of the tests. 

2. 'lhe maintenan::a activities that will be needed in the roan. 

J. 'Iha need to remove the cables for the bin scale tests in order to 
install additional su;:port. 
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'Iha gecmechanical mni.tori.nq pro;ram and the rcutine ot:serlations in Panel 
1, can provide sutticient warnirq to allow the timely retrieval of the 
waste frcm tha Panel. 

AsSt.mptior.s 

1. In an ~ency-, all wast.e can be removed from the room within a 
6 ronth period. 

Factors to te Addressed 

1. 'Ihe adequacy of the geomechani.cal dat-at:ase developed at the WIPP 
provides an adequate basis to predict arxi provide early warni.n; of 
deteriorati.nq conditions in Roan 1. 

2. 'Iha adequacy of the present geomechani.cal instrumentation, 
installed in Roan 1 is adequate to provide early waminq of 
deteriorati.nq conditions. 

3. 

4. 

'Iha adequacy of the proposed additional gecmed'lanical 
ir.st:r\nnentation to be installed in Room 1 to provide early waminq 
of deteriorati.nq corditions. 

'Iha criteria to deterr.rine w'hen removal ot waste becanes necessary. 
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STATEMENT 1. 

REPLY 

1. Room 1, Panel 1, will remain accessible on a daily basis 
for a period of 2 yrs after July, 1991. 

2. Limited maintenance will be required. 

3. Room 1 already exhibits evidence of deterioration, with 
fracturing of the roof along both· sides together with 
some scaling. The pattern of deterioration is the same as 
occurred in the experimental rooms, and it is felt that 
the eventual failure will also be the same. Sidewall 
slabs have also formed. 
support will not prevent deformation and failure, as this 
is due to stress-induced creep in the surrounding rock. 
The relative stiffness of the adjacent pillars is of 
prime importance in creating the basic stress conditions 
driving the creep. 
Any support installed should be designed to control and 
contain the failing rock. 

4. The lower bound estimate for the life of Room 1 is 1 
year, while the upper bound estimate is 3 years. 
It should be borne in mind that failure is a gradual and 
continuing process, that begins at the time the 
excavation is made. "Critical failure" can be defined as 
when roof, sidewall or floor rock becomes detached to the 
extent that safe limits are exceeded. These limits can 
involve threats to equipment, personnel or size of 
opening. 
The definition itself requires a judgement call based on 
observation, measurement and experience. 

s. uncertainty is introduced by: 
1. Unknown variations in geology / stratigraphy / 

lithology. • · 
2. Unknown effectiveness of the rock.bolt support system 

already installed. 

6. A more detailed analysis of the measured data supplied to 
me could change the estimates of time to failure. 
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STATEMENT 3. 

l. In salt and potash mining, risk is currently assessed on 
the following bases: 

l. Direct long-term( >Syrs ) operational experience. 
2. Measurements of deformations in and around 

excavations, including surface subsidence. 
3. Modelling, using computer models together with 

associated laboratory testing to determine rock 
properties. 

4. Geologic mapping to determine occurrence of unusual 
conditions. This also includes surveying of the roof 
and floor elevations and variations in orebody 
thickness. Other unusual occurrences such as water 
and gas pockets are also mapped. 

Of all of these, l,2 and 4 above have been found to be 
the most useful, while computer modelling is used more as 
a predictive tool backed up by opinions derived from the 
other observations. 

2. WIPP is unique and different from other salt and potash 
mines in that the objective is not to produce a product, 
but to store a product. The duty and life expected from 
these excavations is therefore somewhat different. There 
is however, a similarity of life expectancy from some of 
the development entries in producing mines that could 
serve a useful basis for comparison. Development entries 
and shafts in producing mines are expected to have a 

useful life of from 5 to so years, and in some instances 
longer. 

I have analysed in great detail the rock mechanics data 
measured at the following mines: 

l. Boulby Potash Mine, England. 
2. Allan Potash Mine, Sask. 
3. Rocanville Pot.ash Mine, Saak. 
4. IMC Potash Mine, Saak. 
s. Jeffersen Island Salt Mine, La. 
6. Weeks Island Mine, La. 
7. Cayuga Salt Mine, NY. 
8. Belle Isle Salt Mine, La. 
9. Cominco Potash Operation, Sask. 

The analyses were carried out in order to assess either 
the risk of some occurrence happening, or to determine 
why some occurrence took place. These could include: 

l. Shaft stability 
2. Surface subsidence 
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STATEMENT 2. 

REPLY 

l. The effectiveness of the currently installed rockbolt 
system to maintain accessibility to Room l is uncertain. 
This is for a number of reasons. 

l. No practical support system includinq the present 
one can prevent the deformation and failure from 
occurrinq. At some staqe "critical failure" as 
described previously will occur despite the support 
system installed. 

2. The rockbolt system as desiqned would be adequate to 
support the "dead weiqht " load of the roof beam as 
described if: 

l. Continuinq squeeze and deformation of the roof 
around the beam did not occur. 

2. Failure of the anchorinq system due to creep of 
the salt around the anchor did not occur. 

2. Slippaqe of the anchors does not provide an acceptable 
approach to supportinq the rock load. Too many unknowns 
exist, and a number of questions are raised: 

l. Does slippaqe in fact occur? 
2. How does it occur?(is it continuous, stick

slip, etc.) 
3. What load conditions are required to cause it? 
4. Were the rockbolts initially installed in such 

a way so as to allow slippinq? 

3. Lateral stresses in the roof strata will result in 
continuinq deformation and therefore loadinq on the 
rockbolts. These will in turn cause increasing point 
loads on the rockbolt plates. Experience at other salt 
and potash mines has shown that these point loads can 
result in break-up of the rock around the plates. 

4. Another serious failure mode of rockbolts that occurs 
where the rockbolt anchors are installed in salt is due 
to the creep of salt around the highly stressed anchor. 
The result is that the wedqe pulls down throuqh the 
anchor shell. Short term pull tests on installed bolts 
won't show this problem. 



l 

l 

3. Water inflows 
4. Effectiveness of support 
5. Roof and wall collapses 
6. ~ife expectancy of individual entries 

My opinion is that the best way to assess risk in a 
salt/potash mine is by making measurements, particularly of 
closure and extension. Computer modelling may then be done 
and verified using measured data. 

The biggest difficulty lies in arriving at a failure 
criterion that would allow projections of measured or 
modelled data. 

At this stage, experience is the only way to interpret 
and project the data obtained. In addition to actual room 
failures, WIPP has a good geomechanical database on which to 
base predictions of future behaviour. 

It is therefore important to analyse the existing data 
_and to compare it with other situations and experience at 
other salt and potash mines. 

Some salt mines have been in existence for more than 
100 years at similar depths and conditions at the WIPP site. 
Many of the original excavations are still open, while for 
one reason or another others have closed totally or 
collapsed. 
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DR. p. K1ITAHED 
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INTRODUCTION 

WIPP PROJBC'l' 
THE LIFE OF THE PANEL 1 

ROCK MECHANIC CONSIDERATIONS 

In order to address the five statements with respect to the life of 

the Panel 1, Room 1, in particular and Panel 1 in general, it is 

pertinent to discuss some of the fundamentals of the rock mechanics 

applied to salt rock mining and analyze the provided data in the 

light of these principals. The writer would also refer to his 10 

r: years -experiences in potash mining in Saskatchewan and make a 
'·. 

judgement based on the combination of the science and art of rock 

salt mechanics. In the first paragraph of the summary of the 

position paper by Dr. Roy Cook, where he states that "Support in an 

' t!f underground environment is not an exact science and therefore 

estimates of the period of time over which the installed support 

will remain effective is a matter of judgment." This statement is 

more pronounced with respect to salt rock mining, than the mining 

of hard rock, when the theory of elasticity could be confidently 

applied. The salt as the host of repository waste; because of its 

viscoelastic properties has the capability of creep and entombing 

the waste. On the other hand, the very same property tend to 

restrict the application of •more predictable elastic theory for 

describing its behaviour in underground mining environment. Due to 

complexity of viscoelastic theory at time designers have to use the 

theory of elasticity in order to describe certain behaviourial 

pattern in salt rock, a procedure which has caused a great deal of 

2 
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The Geotechimical Surveying group of the WIPP project, have 

indeed, provided a comprehensive monitoring programme for detecting 

the geomedomical behaviour of the salt and the evaluation of the 

support system and performance of the pillars and the openings and 

the associated strata. In considering the volume of the data 

provided and the short period of time given for reporting on the 

Life of the Panel 1, it is not possible to analyze all the data. 

The present report is based on the pertinent data from Volume I & 

II & Geotechimical field data and analysis report and position 

report by Dr. Cook. This deduction is augmented by the site visit 

and presentation and discussion held at Carlsbad between April 9-

10, 1991. 

II Mechanism of the loading of the roof beam 

The extent of roof deformation in salt rock depends upon various 

factors amongst which the presence of discontinuity planes, 

excavation of single or multiple openings, the depth of workings, 

pillar size and pillar behaviour and its interaction with the roof 

and floor rock could be enumerated. 

In the position paper of Dr. Cook, figures 9a -9e, the complex 

nature of the load transfer, after excavation of the openings, with 

the surrounding strata is clearly outlined. The creation of the 

lateral compressive forces on the roof and the floor of the opening 

fig. 9 a, will result in the fracture of the roof and floor beam 

and eventual formation of a wedge shaped rock which in time would 

collapse. This collapse would reduce the magnitude of the 

4 



horizontal stress and in considering the geology of the WIPP site, 

it would move to the higher horizon, working on the salt below the 

f1 Anhydrite a. This action in time would culminate in repetition of 

similar mechanism until such time a stable arch is formed. The 

height of fracture (failure) zone depends obviously on the width of 

the mine opening. This doesn't mean that the reduction in the 

width of the opening would automatically achieve stability of the 

opening. As mentioned earlier, there are many factors which are 

active in the present. site, which in unison result in initial 

fracturing of the roof beam and its migration to the plane of 

discontinuity, and its final collapse under the gravity and the 

horizontal compressive stresses. 

The recognition of this horizontal compressive stresses and 

its damaging effect on the state of roof stability was the one of 

the early problems associated with potash mining in Saskatchewan. 

Obviously, depending on the proximity of the discontinuity planes 

in the roof or floor of the opening, the failure of the roof and 

floor beam would almost quickly fail, at depths of 2000+. The Cory 

and Allan Potash Mines experienced these early problems before 

rationalizing on the present mining system which adopts the 

isolation of yield pillars. 

It then becomes clear that the ever presence of the 

compressive horizontal stresses described earlier, tend to further 

complicate the mechanism of rock bolting, and the reduction in the 

magnitude of these stresses become vital in achieving a relatively 
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stable roof condition. 

There are many different ways which could be adopted, in order 

to reduce magnitude of 6H and achieve a stable roof condition. The 

choice of these methods primarily depend on at which stage of room 

(opening> development we are contemplating a reduction in 6H. 

A - In dasing stages 

a) The use of sacrificial roadways and use of yield pillars 

The isolation of five entry system has been successfully 

adopted by Cominco Potash Mine in Saskatchewan, exploring the 

potash seam at a depth of 1100 meters without any significant 

roof problem. Basically four 5.Sm wide by 3.Sm high room 

and a centre room of 7m wide are isolated. These rooms are 

separated by a 6.7m wide yield pillars. This geometry allows 

the roof and floor of the two outer rooms, which are cut first 

to relax and separate along the discontinuity protecting the 

inner rooms from damaging horizontal stresses (2,3). 

The Saskatchewan potash industry uses many different mining 

system, utilizing yield pillar techniques to allow the 

continuous and gradual deformation of the roof and floor rock 

along the clay discontinuities, which in the process 

demonstrates the harmful effect of the horizontal stresses. 

(b) Slotting of the roof 

The creation of a slot in the roof or floor of the mine 

working would tend to reduce the damaging horizontal stresses. 

This slot could be a 6" wide at a depth which will not impact 

6 
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recent consultation with the engineers at various potas~ mines, the 

mode of failure of the rock bolts due to viscoelastic nature of the 

rock, and presence of the horizontal forces could be basically 

divided into three distinct modes: 

(a) stripping of the bolt threads (wedge failure) 

(b) Wedge pulled down through leaves of expansion shells 

(leaf failure) 

(c) Entire expansion shell pulled down drill hole (anchor 

failure) 

Out of the three above failure modes the mode (b) is the most 

prominent, followed by leaf failure. In a comprehensive 

tests in salt using Dl & DlO anchors, the ratio of wedge : leaves: 

anchor failures were 68.5%: 20.4%: 7.4% (5). These tests were 

conducted on 6'-5/8" dia and 8'-3/4" rock bolts. The torque was 

between 125 175 ft lb. It was also concluded that the 

installation torque with the experimented range appear to have very 

little direct effect on the type of failure, which illustrated by 

the fact that wedge and leaf failure occur approximately at the 

same frequency throughout the entire torque range. 

If the rock bolts are to perform their task by suspending the 

weight of the roof rock, the anchorage capacity of the bolts (the 

ultimate failure) should be sufficient to withstand the dead weight 

of the rock. The presence of the horizontal stresses causing the 

flow of the salt beam would tend to bend the bolt, and the present 

assumption of the bolt slippage becomes invalid, and as mentioned 
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earlier the failure of the bolts would be in majority _of cases in 

wedge failure or leaf failure mode. In the opinion of the writer, 

if the future rock bolting of the roof in other panels being 

considered, different type of anchors need be experimented upon. 

The present rock testing programme is too brief. A more 

comprehensive time dependent anchorage capacity test on the bolts 

should also be conducted on roof. 

IV The combination of rock bolting and slotting 

This option takes the advantage of both techniques by 

suspending the rock wedge from the bolts and reducing or 

momentarily eliminating the harmful horizontal stress field, would. 

L, achieve the desired results. However, it must be emphasised that 

the vertical slotting of the back, though on one hand relieves the 

6H, on the other hand, would require the correct and efficient 

design of the rock bolts in holding the weight of a cantilever. 

In case of uncertainty the roof rock is supported by timber cribs 

as earlier stated to ensure gradual deformation of the roof. Field 

tests have indicated that the cribs in time, would behave as the 

support pillars carrying the similar load (4). 

It has been argued that as the result of the lateral movement 

shear failure of the bolts would occur. This mode of failure 

though appears to be operational, in reality as the result of the 

overall flow of rock on mass, the bending of the bolt would occur 
' . 
~ , I 

with final leaf failure; the wedge pulling out of the leaf. No 
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such failure in my experience, or as the result of recent 

investigation has been reported in any of the Saskatchewan potash 

mines, where as the result of deeper depth of excavation and the 

presence of multiple clay seams, higher horizontal stress are being 

experienced, and hence more likely occurence of such mode of 

failure. 

v Sequence of excavation and reloading of the opening 

Contrary to elastic ground behaviour, the stability of salt 

rock openings at great depth is strongly effected by the time 

sequence of the excavation. This is due to the fact the stress 

conditions around salt rock openings change continually with time. 

~ A concept which has been used in chevron mining system in 

Saskatchewan potash mining. 

In the course of excavation, SPDV test rooms and the 

subsequent mining of the seven rooms of Panel 1, the sequence of 

the mining rooms has been in a manner which would induce the re-

loading of the openings, subjecting the roof and floor of the 

opening to successive high stresses. 

In examining the sequence of the cutting of the SPDV rooms as 

shown in the fig 1, the test room no 1, was the third in the seven 

of the rooms cut, preceded by room 2 and 3, with room 4 being the 

last room in this panel to be cut. This room prior to its 

excavation, as the result of mining of the rooms 2 and 3 would be 
r : 
! · highly stressed. This room was subsequently subjected to a series 

10 



f :U 
~ •'I 

of reloading due to excavation of drift Nl420 some 11 months later 

followed by the excavation of room 4, a month later. The fig la 

shows clearly this reloading of the room which would translate to 

a higher than normal rate of closure. The uneven distribution of 

the stress imposed on the roof and the floor of the workings in the 

Northern side of the opening would have a detrimental effect on the 

final failure if the roof slab towards the North of the panel. 

This loading and reloading pattern is seen in the closure rate 

graphs of the test room 4, 3 and in SPDV panel, with less drastic 

effects, as the excavation of rooms L3 and L4 were carried out some 

six years later (April 1989). The excavation of these openings 

have caused a reloading of all the rooms, with room 1, being the 

~ most susceptible to reloading as the result of its excavation 

history suffering the most. The geotechnical data from the 

extensometers and roof convergence depicted in the figs 2 to 7, 

show the sudden increase in the deformation measured by 

extensometer station (up to 50') floor extensometer station and 

room convergence. The effect of this reloading is also picked by 

other stations in other rooms and drifts but with less impact. 

From the above analysis, it seems reasonable to assume that 

the roof fall in SPDV test room 1 has prematurely occured and the 

validation of other rooms against the geomechanical performance of 

this room must take into account in the stress history of this 

room. 

11 



Variation in Geology - Impact on stability of the room 

The occurrence of the argillaceous halite near the top of the 

pillars, as shown in fig. 5-2 of Volume 2 of Geomechanical data, 

would expedite the mobilization of the horizontal stresses and the 

eventual shearing of the halite roof beam. The same figure depicts 

the variation in the floor geology changing from a thick 

polyhalatic halite in test room 1 to clear halite in other three 

rooms with variable thicknesses. The magnitude of the floor heave, 

being experienced in room 4, and not experienced in other rooms 

could be as the result of this variation. 

The presence of Argillaceous Salt about 1-2' above the floor 

beam in some of the rooms may also have the similar effect as its 

~ counter part above the pillar, in expediting the floor buckling and 

shear failure of floor. 

The undulating nature of this bed, as was seen in room 6, 

panel 1 could have a marked effect on the magnitude of the floor 

heave and the floor buckling and eventual failure of floor beam. 

The roof and floor slotting has already been discussed in 

earlier part of this report. The undesirable ef feet of these 

geological anamolies would be eliminated if in future design of the 

panels the mining horizon is moved up allowing the anhydrite "B" to 

form the immediate roof. This change in mining horizon would 

benefit the room stability by isolating a thicker halite floor beam 

eliminating or minimizing the floor heave, and at the same time 

eliminating the horizontal stresses along the boundary of 

12 
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argillaceous halite and the halite roof beam. 

Currently ~he pillar spalling between the upper argillaceous 

halite bed and what seem to be a lower argillaceous halite bed does 

occur. The tensile failure of the rock between these two horizons 

could have a detrimental effect on the stationed bins in room 1. 

The proposal to move the mining horizon would also eliminate this 

problem. 

Choice of other alternatives to room 1 - Present ' Future 

The following discussions examine the other possibilities which 

could be rendering themselves for consideration if the performance 

of life span of the panel 1, room 1 is not acceptable. 

a) Ose of other rooms 2 - 7 

The examination of Table I reveals the lower closure rate of 

room 2 over the same period of years as compared to room 1. 

This exceptionally higher rate of closure is basically due to 

reloading of room 1 as the result of excavation of other 

rooms. It has been stressed that the ventilation 

requirements, prohibits the use of other rooms. The choice 

of room 2 as the test site for waste could prove to be a 

compr~mise with minimum disruption to ventilation. In the 
. 

meantime, the room 1 will be monitored for gathering of 

information on the performance of the bolted room providing 

much needed data for the future room design. 

13 



b) The use of 5 room system to minimize the effect of horizontal 

stress. This has been discussed in detail 

C) The change in mining horizon and moving the roof height to 

anhydrite (b) 

d) Sequential exploration of rooms to avoid reloading 

e) The choice of less stiffer pillars to minimize the shear 

fracturing of the roof 

Conclusion 

This report has examined the pertinent geomechanical data 

related to the life of room 1 and SPDV test room, and has drawn 

conclusion based on the factual data and the personal experience o~ 

the writer. It is in the opinion of the writer that in this 

project, we are expecting the geomechanical performance of a 

permanent support, from a "mine opening" in a formation which is 

governed by a very complex behaviourial pattern. The local 

variation in geology, and the changes in the stress history of the 

model room SPDV 1 makes the engineering judgment a subjective one. 

Based on the best mining and rock mechanics practices, the 

geomechanical performance of the WIPP sites has been monitored. 

The factors as mentioned in Dr. Roy Cooks' position paper, some 

unquantifiable and some other unknown factors make the 

probabilistic approach to the determination of the life of the room 

an impossible one. There is a saying in rock mechanics community 

1> 
: that "on shutting a mine, we will have enough knowledge to re open 
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the ~ mine" 

I feel that under the circumstances, the geomechanical data 

F'' ,· ·1 has provided the early warning system for roof fall. To achieve 

better predictability in the range required for the proposed test 

could not be guaranteed in a mining environment, irrespective of 

expenditure. 

The choice of salt for its healing properties; creep, make it 

a more difficult rock to predict. This is a fact that has to be 

accepted, maybe if such an assurance in term of room performance is 

required, the test should be conducted in a different environment, 

mining or otherwise. 

The future-design of th~ opening could ensure a more stable 

room but in no way reach the expectation of the risk required. 

P. Mottahed, Ph.D., P. Eng., C. Eng. MIMM 
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Statement 1 Panel Member P. Mottahed 

As described in text of this report, the additional support 

provided by means of rock bolt is a temporary measure. The creep 

of the roof beam will continue and as the result of presence of 

horizontal forces acting in the beam. The mechanism of roof 

bolting by suspension is becoming more complicated. The creep of 

salt will cause the bending of the bolts. The source of the 

problem i.e. the horizontal forces should be reduced and 

eliminated. This could be achieved by slotting of the roof beam 

and access for the maintenance of these slots need to be 

maintained. The same problem will be experienced by the floor. 

Hence the floor slotting should be performed and the slot remained 

open by maintenance. 

The comprehensive geomechanical monitoring of the opening and 

associated formation has indicated the ability to predict the 

failure of the roof beam; SPDV Room 1. This lead time of two years 

could be pessimistic as the effect of rock bolts and their 

performance in providing additional support is not taken into 

consideration. On the other hand, the modelling of the performance 

of the SPDV room 1, to assess the life of panel 1, is not realistic 

as the SPVD room 1 was prematurely failed. With these two 

provisions in mind, with high degree of confidence could be stated 

that the minimum life of the room 1, Panel 1 beyond July 1991 is 2 

years, (total no. of 7 years) with an upper limit of 3 years life. 
n· , 
f This life could be further extended if some remedial actions are 

immediately undertaken. The slotting of the roof with use of 

timber cribs to support the overhanng could be an early solution. 



It is a proven technique and easy to monitor. The suggestion of 

bolt and lacing; as practiced to prevent rock burst may have some 
. . 

merits, but less easily quantifiable. If these additional supports 

are provided, the life of the room would be extendec;:l by an 

additional 3 years albeit at a loss of space for test programme. 

The above estimate is based on practical experiences in similar 

circumstances in salt rock. The level of confidence in the 

estimate would increased with evaluation of the performance of the 

additional support in first year and hence a more confident figure 

for the life of the room could be established. It must be 

explained that with the aging of the room maintenance of the room 

on a required basis is required. 



Statement 2 Panel member P. Mottahed 

a) The rock bolting programme could not ensure the stability of 

the room 1 panel 1 up to the completion of the test in July 

2000 (total life of the room 14 years) 

b) To minimize the effect of rock bolting immediate measures to 

reduce the horizontal stresses need to be carried out. This 

as outlined in statement (a) could increase the life of the 

room by a maximum factor of 2 

C) The rock bolting programme with the factor of safety of 1.7 

would be an effective means of support but as the complexity 

of horizontal stresses will diminish the effectiveness of the 

bolt. 

d) The bolt above anhydrite b is already undergoing creep 

deformation. This deformation will continue causing the 

lateral movement of the anchors and the possibility of anchor 

failure, wedge or leaf failure 



Statement 3 Panel Member P. Mottahed 

r' The long term stability of the excavation in salt in a mining term, 

is a relative term. The haulage roads which are to remain open for 

the life of mine are constantly maintained. With introduction of 

other support provisions, eg. rock bolting in association with roof 

slotting, erection of wooden crib, lacing and strapping and floor 

an~ pillar rehabilitation. These measures are performed on a 

regular basis to ensure the long term stability requirement of the 
.,., 

1 :\ conveyance roads. 

I~ 

It is nice to be able to use probabilistic approaches for 

risk assessment, but the application of this approach is not 

common. Attempts in using this technique in assessment of risk 

associated with flooding of Potash mines was undertaken in early 

80 's by Potash Corporation of Saskatchewan some 2 years later 

Rocanville Mine was flooded. 

The geological parameters as described in the text of the 

report, prohibits a comparison of what appear to be similar rooms 

together. 

With regards to the data base or experience, no such 

information are available, or if there was, the direct application 

of the data base to appraise aay to day performance of the openings 

on an operational basis would neither be practical or realistic. 

As described earlier, the comprehensive rock mechanics 

instrumentation programme, as installed by the Geomechanical 

Engineering Department of the WIPP project is unique. . It has 

incorporated every possible means of assessment of the performance 



of underground openings and associated strata. There are 

tremendous volumes of data available which need be analyzed. The 

r continuous analysis of the data as they become available, would 

\ further increase the level of confidence in predictability of the 

performance of future openings. 
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Statement 4 Panel Member P. Mottahed 

a) This point is already addressed, however, installation of 

additional support, cribs and slotting (both roof and floor) 

or installation of additional bolts, with lacing, or 

combination of these supports, would guarantee the opening of 

the room but the required headroom of 10' could not be 

achieved (statement 1) . 

b) Maneuvering of jib cutters and rock bolting machine for future 

slotting operation and the rock bolting maintenance 

C) The possibility of removal of cables is a fact that is to be 

lived with, as it is not possible to precisely predict the 

exact location of future rock deformation, fracture and 

possible slotting. 



Statement 5 Panel Member P. Mottahed 

r:; 
This point has already been addressed throughout the text in brief. 

The comprehensive geomechanical instrumentation and monitbring of 

the rooms would provide sufficient warning well in advance of 6 

months for the removal of the bins. 

The installation of load cells on bolts to monitor the load 

transfer to the bolts would greatly assist the correct installation 

of additional bolts if necessary. 

If cribs are installed, use of flat jacks to monitor the load 

sustain by the cribs and finally, in case of slotting, a gauge to 

indicate the closure of the slots to respond to the timely re-

slotting operation. 

The onset of the increase of the closure rate to 7"/year. 

could be used as the criteria for removal of waste bins. 
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MR. J. PARKER 



0 An accurate record of the meetin;s of the Geotechnical Panel on 
Panel 1 Stability. 

o A ~ ot the Iepott provided to Westin;house by this panel 
mprrt)::er. 

0 An accurate pr0 .sentatior. of the consensus agreed to by the panel 
members at the meet.in;Js on the 23rd ard 24th of April 1991. 

Panel ~.r Date 

Signed off sheet from Mr. J. Parker was unavailahle at the time of 
puhl icat ion. 
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JACK PARKER AND ASSOCIATES, INC. 
ROCIC MECHANICS • MINING • GEOLOGY 

WHITIE PINI:. MIC:HIQAN •8171 

West1ngnouse WIPP FroJect 
401 Caned 
Carlsbaa NM 88220 

-Hello Roy: 

90X4•!1 

This is • quick resp•:•nse t•:i y•:iur re~uest for c•:irnments ''" the Five Statements 
you ·~ave us c1:1ncernin•3 tl"'11i life l!>::pecte·J for the ro•:irns in IJIF'P Panel 1. It 
foll•:iws a review of •Jata and rep•:irts y•:iu or•:1•1ided t•:> panel members, a visit 
to the underground operation~ near CarlsDad and a discussion ~ith the panel 
members and others last week lAoril 9 and 10, 1991>. My qualifications to 
comment include a total of 45 years working in and around mines, with the 
last 20 years as a consultant ~orking pr1rnar1lv on mine aes1gn and · 
ground-control probleM3 1n a couple of hundred mines, including 11 salt 
mines, 2 trona mines, 3 potasn mines and 3 gypsum mines. These mines in 
evaporites exhibi~ cona1~ions much like those at the WIPP proJect. 

First I would like to ma~e a g5neral comment I scmetimes complain that I 
lea•j a ~·1iserable lifo:, 0::;,li,1°3 ·:·nl'f "11ith failu1·es. "~J.:.t .. :•dy i1w1tes r11e to 0;1:i 

lo:0ck at a nic: r11i11e·'. Eut trots •.11as a11 e··cept.t-:m; I tr1i11k that. trois •.11as an 
unusually clean, safe operation, snowing good ~orvmanship 

I want to ,jiscuss t.h1s :·-:-f.:,re c·:·<11ro·1enti11·; •:o11 tr:e Five: ·:.tater,·,i;:nt.s bo::cause trie 
responses depend on t~e ~0~e of failure as ! see tt. r ~ill nave to oe br:ef 
but could expand on tne topic tf you w1sn. 

I base my thinking on CQ55rvat1on3 at the site, on the data you gave us. on 
our discussions, and on e:;erience at t.ne other evapor1te mines. 

Al tt"o•:•u·~h measurements 0:·i c·:011ve1··1ence sl"'11: 0w that. pt l la1·s l l)<)ft wi,:je u1°j n°:.t 
prevent the mining of ~ ~=~ room affecting conv~rgence rates in adJacent 
roows, after tnat ~r~s~ :~!~~-= ~~ t~e environment the rooms seem to act 
independently lt~e fal~ :n :F~.· I ~t1 not affect adJacent rooms> 
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Under those conditions the most stable cross-section for~ tunnel would be 
c i rcul.ar. 

Observations and d~ta sho~ tnat that is the case, with minor modifications 
due to geological d1;continuities. The opening is nbminally 33ft wide so t~e 
radius of a circumscr1bed circle would te about 17ft The opening is aoout 
l4ft h1gh so half ~he heig~t ~oula be 7ft - so the top of tne circle snould 
be acout 10 ft above t~e in1t1al ceiling - whicn would be a couple of fee! 
above tne anhydrite!cla; seam - wh1cn is Just about what we see i~ SFDV Room 
I rooffall. A similar situation seems to e~ist in the other SFOV rooms, as 
shown by fracture mapping in observation holes. 

A similar situation al30 seems to exist in the floor, modified by the 
presence ·:if the a111"1y•ji•1te t·e·j ac:·out Sft t·el•.:0111 the initial ft.: .. ::ir. 

a) FAILURE IN THE FLOOR: If we had measured the virgin stress field 
i.n the anhydrite oe•j r e:··:pect that we w•:•ul•j have f•:>und C•:>nditions different 
fr•:>rn th•::lse in the salt. E:ecause it is a stiffer material, less fluid, I 
woul•j expect lateral stresses hi 13ner than :::Oc)l)psi (left behind frorn ~ deeper 
burial> and I would not be surprised if the greatest horizontal stress had a 
distinctly preferrea airection. r would expect the anhydrite to tend to 
buckle. 

1.Je •.11ere t•:il·:I t.hat t!-r: t!"'1ickness 0: 0 f tr.e a11r:y·jrite an•j the t•:>P •:Jf the anhy•jrit.e 
are irre01ular, s1:1 ! •.o11:•ul·j ::pect tl"re p.;:a~:s •:•n t•:•p ·:·f tl"1e- anhy•jrite t•:i e:~press 
local effects on the ~oom floors The t~ickness of the salt floor would be 
least on top of tnose ceaks so tne salt would be stressed more there and it 
would be weaker there. Thus there would not be a simp~e geometric 
relationship between room ori:ntat1on and room geometry. It would be 
interesting to check that !heory ty ~efining the top of th: anhydrite in 
detail - although onl 1 '~r future planning, not for immediate value. 

The stress concentri~ions around the opening would be highest immediately 
after the e~cavation was made, but with very nigh stress Just inside the salt 
and :ero at the skin of the salt something would have to give, so we shoul~ 
c-:·:pect salt failu.·e at the c•:•rners, a.1.j c0: 0 ncur1·:nt 1·e·jist1·ibuti•:•n ·:·f the rn;r. 
stresses That r:distribution re~u1res movement, of course, and we see it 
either as fracturing or as flow of the salt. As you Know, we often see 
ceteriorat1on at the u~per corners of rooms, sometimes attributable to 
lo:0cally clay~rict-1 salt, t•ut :0:0r:iet1r11es 11•:•t 

'.Ji th tt-1-e hi•.;hest st:-ess c·:0i:cent.1·at.1°:•ns at. tt":e- c 0
: 0 rn.::rs an•j l·:·•.11er suesses 

further inSi•je tl"re ;a~~. I •;,11:•ul 0j e:c:ect. tr:e flo:,,:11• t•eMi t.•) •.11ant t•:O fle::: 
DOWNWARD, and it m1gMt tr~ to ao that, and some peculiar fractures mignt 
result, perhaps a a1sn-sna~ed spall from the floor, but after a while. mavo: 
months, the floor r~c~s would move in the dire-ctton of least restraint -
upwar.js. 

Another way to descr1~: ~his activity would be to say that the stresses 
around the mine oc:ni~~ ~ould ma~e the o~~ning assume the most favorable 
snape - the circle, ~:~~ ~~e l~west ~os~icle ;tress concentraticn f&ctcr. 
whicn is~~ bac~gr~u~~ 5tr~s~. wit~ ccmcress1ve stresses around th~ circl~. 
1·:•1.11 st1·esses w1~t-:i11 •.:-.:- ·:~··c~e - ;;~.: :r,.;: ·Jlst-,-sr,~.J::.;:o•:! ~1.ass-:s i:o•:·J::·::·i11°;i int·:· •.-.:
·:·pi:n in•.;. 



I 

L 
~ 

•• 

fhere can be 11 ttle .j.,ubt that. l!Xtra-high hori:•:lntal struses corne off the 
tops of our lOOft.-wide pillars. :;1nc• those pillars are t..::>o stiff t.;, y 1el·j a 
high concentration of vertical stress bui l·js up and over5tresses the r•::>oft:·earn 
salt. - which then 111ants to squee:e si•ji!•.11ays 1nt•:r the r111ne 0:.penin•3. In the 
•)vercast. we examine•j th• cut•)f f en•:JS ··:d the r 0: 1<:itb•arn an•j sa•..i that. tr.ey r.a.j 

·rnoved sideways int•:i ti-.e vi:1 i 1j at a 1·ati: ar 1: 0un1j 11::." per year, E!t 1:: .. ~th ri:·s 
The movement occurred at tne anhy~rite1cl~y seam, ~itn the roofbearn 
apparently acting as a unit 

Prior to 1975, at the Cayuga ~alt min~ in New York state, thi:re ~er.: ~o=~ns 
of similar failures un~er s1m1lar cond1t1ons The depth was ::.ooo to 2300tt. 
1• 1:.11:ims 111er• .32ft ~l·je a11•:l i:ft rn°3n, an.j pillars 8:3ft square. Failures t:ie•;a11 
at tne Juncture 1-:>f r 0:· 0:.t an•:J rios a11•j st'iears •jlivitl•:iped u11t.il Meavy falls 
occurred, either tent-snaped, arched or as cantilevers. So many falls 
•:Occurred that MSHA threnene•j t•:> c li:1se th• mine. The problem was sol ve·j by 
cnan13in9 to yi•l·jin°3 pillars, ·:·nly ab 1:iut ::1Ht squar• inst.ad ·:of 8:3ft, 
.jesi 13ne•j so that t.li•y w0:iul 1j y1el 1j rather tr.an buil•j up nigh vertical stresses 
1n pillars - henca hi~n nor1:ont.al stresses 1n tn• roof. 

We were told that the ~iPP op~nings were designed largely by reference to 
those in the local potish ~1ne!, which makes sense. The reports also state 
that the extraction ratlo was reduced s1gn1f1cantly, probably because the 
.jepth at WIPP is ao•:·ut to.11 Cl! tt'1o! l (•(11)f t .japth ,-,f the p•-,tash riunes, but. in 
hin•j•i·~t 111• C•::!ul•j saf tt'1at that may ,,,,t have been the rigrit m•)v•. Mllst of 
th• local roof fal 1 s ! Mva H-en 1 n ti"1e NM P•:>tasl'\ mines HAVE BEEN ALONGSIDE 
PILLARS WHICH WEF:E 1.'NtJ9JALLY 1.JrDE ANO :5TIFF, and ti'"•• 1.JIPP 1jesi 13n ·~ave, I 
think, an unfortunate 0:!a·3re-e •:>f pillar stiffness •..ihich shortens tr.e ll fe ·:if 
the st.:1ra·3• r•J•::OIY1S. 

The probleM with long-~~rM staoil1ty in salt mines is comMon. I have ~een 
~ork1n9 on it at several mines an~ we r~cogn1:• gu1del1nes which may help us 
at WIF"P. 

At most mines the o~enin~s clos~ ~o t~e shafts are stable - some have 
stood well for as mucn as 50 ana 100 y~ars - notacly at t.ne Retsof M!ne in NY 
state. They are different in tn~t t~ev are usually smaller than mine 
p1· 0: .. jucti 0:.11 •:·p1&n1n·~s. t:-.ey aro: •..1suaLi1 ·i:t1•r·:·""e1·, tr-.~y u'5ualiv l-1av.: a k·•.,er 
~idth:ha1gh\ ratio t~Jr~ ~earl~ c1rc~iar, or at leist MQre nearly s~uare•. 
and they ar• ;urtr-.er :.::.rt - i:; 0: 0 late·:l out :·11 a =·:·11e 0:,f ve1·y l·:·•.11 e·.tractt·:·n. 
and often they have th::~~~ roof ana floor beaMs Those factors usually 
c•::.ntribut.e t•:> lon•.;-tet~• stacil1tv. as triey l""1ave, I t•-elleve, at 1.JIFP, in ti"1t: 
access 1jrifts but. n•::.t 111 ti-.e st•:•ra•;e r.: .. :·n·rs 

At another ~xtrem• ~t: can design for long-term roof stao1lity ~Y using 
srr1all pillars an•:t t'H 0;r1 e t1·act1•::ln ratio:os. The 0;ene1·al i 0:tea is t•:. she•j tl"':e 
nigh stresses onto distant acutm~nts. I lik•n it to 10 men carrying a heavy 
telephon• pole, ~itn -=1;~t crafty fellows in tn• ~1adle oend1ng their knt:~s a 
t•i t. 

E:et•..ieen th•::.sa t•.11•-:> e~·t:·:':·:s •...,r-,icr-1 ·~t·•e ·;·:":":t lo:•n•;-t•rm r•: .. ·:d c•::.11°:11t1i:0ns tr-.ere 1'5 

a range of d~signs ~nt:~ c~ntr1out.: to long-term instab1l1ty I tn1nk tnat 
t.ht! i.JIF'P st.•:ira•;e 1··~·:·11:s ;;.:1 ..11~r1111 u·.at ran•;• out, as y•:·u i"1ave >="::>i11t.:·:1 ·:·ut. 
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tl"ll!Y W•:lUl•j still satisfy the 0:irig1nal i·equirement 0-;if a S-yeu t"tal life ·..iith 
eventual closure. 

F!~:;i ·;TATEMENT: AN E:·T!1"1ATE CAN E:E E:.TAE:LEHED FOR THE FERrGO OF TIME 
THAT FANEL l, IN FART!C 1.IL~R F:GGM I, •.iILL i=:EMA[N AC CE::.::. ISLE ON A GAiU EA: r; 
BEYOND JULY 1331. 

1. l. 1.JITH NO MAINTENANCE GR ADDITIONAL ·;uFPORT. I bel ii!v!! t~.at ·:POV F-: .. :·rn 
which collapsed after ~e1ng o~en 8 years ~ives us a clear 1nd1cat1on of 

what to e"pect. Fractui•I! patt.erns ·~efine•j in r•:iof ·~bsarvat1 1:in I-roles an•:1 
accell!rating closure rates 1n the other SFDV roams seeM to CQnf1rm the 8-ye~r 
life e)<pectancy 

The r1:ioms in Panel l are w1:r•1 much like the $POV ro•:ims, so I •.i1ould •xpec t 
-u·,•m to behave s1m1 lar ly - 1ro11 th .:,.ne p1:1subl• it; ... :cepti•:m - •.i1hich is that the 
Panel 1 rooms nave cel!n reinforced with !Oft m•chanical roofbolts. However, 
r1lY p•rsonal th1nk1n•1 is that tl"'1•:·s• bolts will 1i•:it chan·~• the life expectancy 
of th• rooms very ~ucn - because of the mode of failure which I expect. Let 
nle •>{plain that a·~a1n: 

I itxpect that salt failure ar1:iun1j ti-re Moms will be expressed as l•teral 
(i)1Jve111ent ·:in the planes r:,.f· fa1 lur• 1. shears)' ,,, that the mechanical bolts 1ro11 l l 
not be subject•d to simple tension over th•1r full !Oft length, but to 
shearing, or perhaps ta tension in that very short length of bolt which 
crosses the plane of failure. Thus I would expect bolts to fail first 1n the 
zones of greatest lateral movement, then in success1Qn as succeeding zones 
were sheare-j sufficiently. l)n,jer these circumstanc.:rs parts •Jf the bolts r111·;J-at 
fall out of the roof - ~ut of ten the broken-off lower portions of the bolts 
are snagged and held at the shear plan.:rs - so we do not know of the failures 
unt1l the roof hits t~e floor. Observation of the amount of offs.:rtt1n9 in 
empty hol~s in the roof g1ves us some idea of the likelihood that bolts nave 
t·een sl"'rea1·e·j 

! C•:rrii:lu1je tl"':eref•:•re triat tl""O: b·:·lts :.:; l1'1Stalle•j •.11111 'rNt. r11<i•'.e :o1uc:-1 
difference to tne life e pectanc~ of tne rooffls 

Inspectl•:•n °:,f. tl"'11! nuni.11°; pr•: .. 1ress 0j1·a• .. 11n1;s sr1•:0•.11s that i=:·:·•:•rr·, 1 ·.i1as c·:·rroc:·l.:-t:·J ''' 
A•..i•~ust J·~:~6 .but t.hat t.roe •:•tl"'1er .:. 1··x·roos .,..ere r1n11erj t•c-t•.110:-c:-n Ja1iua1·y I;.:;? ar1•J 
March 19$3, which Sh•:iul•j •,;1ove t.l"'10:l'il a year •:•r S•J 0:1f a1j 0jlttr:Jnal llie. 

Th• pan•l of experts se:r.-11t•l t•J lean t·::i•.11ard a sli·,;htly r111:.re •:0pt1m1st1c 
forecast, as if 9 yitars was a m1n1mum and additional life was a fair 
possibility, but I have .j.;.uet.s at.•:•ut tl"'iat 

First I reMino myself t~~t tne 8-y~ar life for SPOV 1 was TOTAL lite, up to 
C•:impl.:te fa1lurit, anrj at cri•esent •JJe are c0: 0ns11jer11i111J::EFUL l1fe. •..ih1ch 111111 
b~ 6 to 1: months shorter we would not want to bi: working much in the ro~ms 
1ro1hile the first sla~; ~~re f~ll1~g 

·:ec·:inrj, the ucrrjate•j i:·: ;· . .:-1·;-:nc: •;?·a::rs f.:.r ;::·anel I r•:o1:0n·1s •.o1h1cl"'I vi:·u ·;ave r ... s 
1 n•j1 ca te c•:i1wer•,;e11c: r; ~-::; ·~:=.::i:. 1:::=: t ,.., ::.1i t r .. :,se- r.-r-:-as•.Jre•j ui t rre ·3FQV 1··: .. :·rirS a i'. :. 
s1m1lar at•,;e; 3lr•:•un•j ;· ;··.1 ·.~:r. ;.·•, ::·•, : ?'', .:: . .:·•, .:;:" :111j ~:"/y=:..r in r 1

:
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:
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t.hrou•;h 7 respectively. At a s1nular life-stag• in SPOV r•Joms ti",• rat.es ..,•re 
between 2.lS and 2.SS"/year. 

It. s•e111s that the •Jnly si 0;nificant physical 0j1fferences t 0et111e-:n tt-.e ·:.FOV aM 
Panel 1 rooms is that there are seven of the latter vs 4 of tne former, ana 
that the Panel 1 rooms nave oeen colted I suscect that tne • ~r~ ro~ms nave 
ma1je the ojifference, n°:1 ~·ln 1; '!?S~·O:CUtlb t:"~t ~r-o: C•:0 n·.,er 0~1!11Ce 1·at,:.s ~!"· ioi;r-o:s~ 
in the outer ro~ms ana lowest in the in~er rooms csee figures ac~v,:.1 - wn1cn 
su•;·;ests that tr-1e ·:•ut.:;• ,.,,,:0r11s are ac:0s 0:

0 rr::t111°; r;,.:.1·e ·=·i tr-.e "fa1·-;i.:l·~ c1·e.:::·", :1· 
something like that, ana to s~me ~egree protecting the inner rooms 

TO ::OUM IJP FOR THI; CONDITION, WITH NO MAINTENANCE:: Yc•u 0:or I sh•:•ul·j 
P•Jnd•r •:>Ver the C•:onver·;ence an•j fracturit 0jata further, n•:it S•J n1uch t·:> cruncn 
numbttrs as to recc•;n1:e car1av1°:ir patterns. I also rec.:1mmend •lrtllin•; seve1·a1 
arrays •Jf •::ibservati•Jn n•:oles and scratchin•; tiJ fin•j fracture pathrns, ano:2 tl"ie 
~ay they change ~tth time. 

MY PER:3QNAL THINKING I::; THAT THE IJ$e:FIJL LIFE FOR ROOM 1 PANEL I WOULD BE 
ABOUT :3. YEARS TOTAL' F'O:;:; reL y LE::.:; BECAIJSE IT IS THE OUTER ROOM OF THE $EVEN 

-ANO BECAUSE IT IS MOVING FASTER THAN DID :;POV 1. 

l 2. 1.JITH LIMITED MAINTENANCE, 1.JITHOUT MOVING BIN:;. I would antic ipata 
that barring •lOWn t1"1e Sl.itOS 1-:if lo:11:0SI! salt whicn can blit eY.pactlitd to app•ar as 
the early signs ·:if failure, t11ainly at th• junctur• •:if rr::iof and ribs, would 
ramovtt S•Jm• •Jf the h~:ar•jS 1lur1119 the early sh•1es •Jf failur• BV.T WOVLO NOT 
EXTEND THE TOTAL IJ:!.EFl.IL LIFE CF THE F:OOM :;IGNIFICANTLY i.e. ONLY FOR A FEW 
MONTHS. 

I . 3. EXTENSIVE MAINTENANCE ON AN AS-Rc)~IJIREO eASIS' WITH BINS REMOVED 
FROM ROOM, IF l'iECE·;SARY, OIJRING MAINTENANCE ACTIVITIES. This approach w•:iuld 
be much like some 1n salt mines ~here bad roof develops in critical areas, as 
over a main conveyor rn 3uch a place it may not ce possible to move the 
c~nveyor to another room, or even to move it temporarily, so the operator may 
choose to reoolt ~gain an~ ~gain Tne vertical load to be suspended may not 
increase much ~1th time out if roofoolts shear they have to be reolaced T~e 

roofrock usually creaks into smaller ~na smaller pieces so something like 
chain-link ~ire-fence material ts bolted up to prev~nt small cnunks fall1ng 

uil/EN THE OF"PORTIJNITY TU ·~O INTO THE F:OOM ANO F!X 14·; 'JEi:E:.::;~F:Y •. r THIN~ THAT 
THE ROOM CQl.'LD E:E rEPT OFE:N INOEF!NITELY, i e. FOR TEN::. GF YEARS. I kn°:iw ·:·f 
one plac.: where the roof over a room 45f t wide is now suso.:nded oy a tnird 
s.:t of bolt~; even though tnere is a gap 18tt wide uo in the roof 

2. SECOND :3TATEMENT: THE F:OO.SOLT ·;y·;TEM AS CUF:RENTLY CONFIGURED r·:. 
:31.JFFICIENTLY EFFECTIVE TO EN:;.UF:E THAT THE TE:.T FRQGRAM IN F·ANEL I, IN 
PAF:TICl.JLAR Irl ROOM I, •:;.:;N fE COMF·LETEO 

T~an~you for this ocp~r~un1ty ~o comment on the bolting. 

Firo;t r have t•:• ·:1..Je:~::·1 ,-.• -:::;i 0;11 ~ssur.1pt.i 0:0 ns - '.oll''HC1"'1 ai"e ·~Ult'!? .::1ff.:1·.:-nt 
from thos~ usuall1 :nc~~n~~r-=~ in mini~~ 

Desi·;11 l·:ia•l f·:or t:-:: .~:1Y'·,::1· ;;·:·:: 7: ;:1~" c: .. :•lts is sai·j t·:· :·e 7•:•/, ·:·f 11ei.: 
str.:ngth, or 17,500l~s 



'.Jhen I asked why WIF·F· ·o11as n1:ot us111•1 resin °:011e ro:sc 0:onse ·o11as tr.at it r.a.jn' t 
-worked very well in early tests. A·~ai11 I •o11as surprise·~. an•j ·o11·:·ul•j c-:-;::·ect n:•o11 
tests to show very good performance 

Most of the abcve discussion will not mean much if the bolts are rarely 
l•:>ade·:t in pure suspension, but I e:·i:·ect that lilIPP •.jlill chan°1e tl-nt 0jesi•1n 
criteria soon. As suggested in the panel discussion, and again in this 
report, I expect the bolts to be loaded largely in snear, unless we cut off 
th• f·:>rces •:tr1vin•1 that sl"i.ur - whicn is what. I recommend. Then tne bolts 
WILL be loade.:I in te11s1•:>n. 

MY RE·~PONSE TO THE :: EC ONO :~ TATEMENT Vi·, T~EREFORE, THAT THE CURRENT SOL TI NG 
CONFIGURATION 1.JILL NOT ~N::.uF:E COMFLETION OF THE TE·H F·ROGRA11. I understaM 
t.hat requires 8 •;,r ·? ·,1e-a1·s 0:.t :tac:0 il1ty fr·:·rn time pres.:nt. 

:j. THIP.O STATEMENT: T!"!E LEVEL OF •:CNF I DENCE THAT CAN SE PLACED IN THE 
ESTIMATE OF THE LIFE FOR PANEL 1 F"F:OVIOEO IN THE RE::.PONSE TO STATEMENT 1 IS 
IN ACCORDANCE WITH ACCEPTED MINING PRACTICES 

I think that Stave Mck inn•:>n •:>f Itasca 1ji1scribeoj •:•ur p•:>si tion well when he 
sai•:t that our chances for pr•:ojecting informatio:>n fro:om the SPOV rooms onto the 
Panel 1 rooms ar• exceptionally good - because rarely in the m1n1n9 industry 
.jo we see C•:Ondi ti•:i11s as c l•:•sel y c•::in1parabla as we see them in the -~POV and 
Panel 1 rooms - in regional and local geology, dimensions of rooms and 
pillars, and probablv in th~ stressi1eld too_ 

CONSIDERING THE SIMILARITY OF THE ~IVJAT!ONS, ~NO T11E LE~S-THAN-FQRTUNATE 
~ACT THAT F:OQM I I:. AN ENO F:OOM, ANO THE 1-tIGHER CGN'./EF:•,jENCE F:A rE:. rN F'ANEL 1 
- I '.JOULO ACC.EPT ThE ;:;:;:oeABILIT"f r11i:.r Ti-1E TOTAL u·:.EFi.'L LIFE iJF T~E F\OOM WILL 
8E ;~ YEA;:;;·~, NO LONGER, ~NO 1 •• 11JIJLiJ NOT P. r : r MAN't rHOl.'·:.ANG::. OF DOL1..r:.R·:. !:ETT r ~Jrj 
ON A LCNGER E~PECTEO LIFE FOR ROOM i 
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4 FOURTH ·;TATEMENT: MODIFICATIONS TO THE SUPPORT SYSTEM IN PANEL I CAN 6E: 
IMPLEMENTED TO ENSURE THAT ACCE$S IS MAINTAINED TO THE RO.EJMS ON A OAILY 9ASI3 
VNTIL THE TESTS ARE COMPLETED. 

l ·:Ion' t. t.h-ink that. tl'htre can oa any 0j 0:iubt tMat we COIJLO 1n'Jtal l suppijrts 
capable of keeping the room accessible. In a typical saltm1ne 1111tn roof 
conditions like tnese ~he operator mignt cnoose to install ~~ter1or supports. 
such as ~ooden posts or cribs, or y1elding steel supports, always cons1~er1n~ 
that tMe salt surrounding tne opening ~ill move inward al~:.st trres1st1oly 
For ~!PP it seems tnat this approacn would not be acceptable - because tne 
supports would Dlock traffic 

Internal supports might ce use~ by tne operator 1nstead, but again ne would 
hav• to recogn1:e the alm1:0st irresistible salt rnovem•nt, 111h1ch rneans triat tr,e 
supports would either nave to yield or break. Many salt miners have tried 
putting 111001:ten S·~uee=• bl·:.cks beb1een the M•Jf an•:I the M•:ifb·:il t. plc.tit - out 
iltn•JSt always the t:11:ilts c1·eak bef 0:ire the bl•:>cks have squee:ed an inch. The 
•.i11:01:id bec 0:imes har•j an•:l or 1 t~i• ,..,r,e11 e:-:p•:0se0:I t•:i salt, as if pick led. 

1..IIPP has already pr 0:
0p0: 0se1:l c. y11tl 0:tin°3 syst&-m - b•Jlts which stretch and anchors 

111h1ch slide - but I 111•:-ul•j ,,,,t rely 0:.n tr1•,se i•:teas until they had be•n proven. 

Hamish su•3geste0:I t.hat 1.IIF·P c0:iul·:I use the '1 lacin•1" system as used in S Africa 
and now in Canada as pr.:-tecti•:in a·1unst vi•Jlent rock bursts. As you probably 
know, special r•J•:ls ( l·:o·:lnn•; much like steel cot.t•rpins) and about lift long, 
are grouted into the ri:.ck t•;) be supp•:>rted, probably •Jn Sft. centers, t.h•n wire 
mesh is h•ld a•;ainst t:-.e Mck by steel cables which are laced in a triangular 
pattern from pin t•:> pin There is S•:tm• "give" in t.he systena, and it really 
·:foes survive serious bursts which 111•:iuld have brokitn standard M•Jfbolt.s. The 
broken rock is held t.ogetnitr c.s if in a big onion bag - and the openings c.re 
still accessibltt 

That mignt ~ork, an~ it is :an 1d~:a ~ortM c~nsider1ng, cut as ~itn tMe other 
rockcolting systems ~ woul~ ce co~carn~~ ~Mat tnose colts ~nicn ~ass tnrow~n 
planes ·:·f :hear . ..,,:·t.Jl•:: :::~ :: . .:atl'O:o.~ :·'f ~.r,.,: r11•:0·1eruent. 0:if t.:10: sai t 

If tne mode of failure a; I see it is c~rr~ct - and it snould be cMec~e~ ~Y 
f1.J1•tt-1er st1.J1jy .;if ~alt ~u·:•vement a111J f1·;.ctur~ ~·.:itte1·ns - I a031·ee ·..iith y0: 0u t~.at 

!HE :.OL'.ITii:lN TO THE ::.T.:.E.rLITY ;:~:!JE·L:'.M r·: TO (1.!T uFr=- lf-'E :rr:.E·3:E:. 1.Jl·tIC!-1 AFS 
( A1 •. 1·; I NG i 1-!E ·;ALT MOVEMENT . 

4. l. STRESS-RELIE1.'EO ~:iJOM'3. n·,it pillars t:0et·.i1ee11 tl"'ie st•:.ra·~e 1·-:11:-ms a1·~ 
IOOft wide. If 111• ~er: to drive ne~ rooms 33f t ~1de througn th• center of 
thes• pillars we wouid ce leaving pillars oetween new and old rooms ~n1ch 
~auld also be 33ft wide ~nd acout 14f t nigh. They would ce marginally 
yielaing pillars ana alruc;t c~rtainly the new rooms would e~per1ence very 
little lateral stress. :1~ce much of th• "far field. creep has been relieved 
by the old rooms. 

A11 especially c.tti-:1ct:· . .: ::.1·c• ... r11st.:inc: at. this site is ti-.c.t ro•:•st 0
:

0 f tr-,e sal~. 
mined froM tMe new room; coul~ ce stuf fea into the e~isting rooms. so t~er~ 
~ould be no need to Maul ~nd hoist most ot 1t - wn1ch means tnat new rooms 
c ·:·u 1 d be l'l\l ne·:I in .. c ·: ..... :. l .: ·=· f r11•:"1t ,.., s f r ·:·m ti r1·1e oj f t:·e·~ l nn i n13 
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t CONSIDER THIS TO BE THE BE:;T \JAY TO GET ROOMS IJITH GUARANTEED ·;TA9ILITY IN 
PANEL 1 , t~UICKLY. I RECQMMENO IT. 

l.2. STRESS-RELIEVING TUNNELS. If ~e coul~ drive small tunnels 
hor1:ontally opposite tne roof ~eam ~nd pernaos opposite the fl~or c~am. 
maybe with an Alpine-t~pe miner, ~e coula cut off the hor1:ontal stresses 
TMe new tunnels would ~e as small as possible, say 6x6 or 8~8ft, and 
separate•j fr 0:.m the 1··:·•:oms by 11arr•:O'"' pillars 0: 0 f salt. - say 11) •:ir t:::.ft. w1·:e-

I did not hear much enthusiasm for this idea, probably because of restraints 
on time and equipment, Cut I think that it would work 

A"'.._ •r.i~• _______ ....,
0

,,_......,. __ "• ... "~" ;. ,......... 0 
·z·.r __ ) ... l JJ'. 13· . 

4 3. :3TRESS-RELIEVIrJr~ ·;Lan IN PILLAR:;. · :~orne rnin•s have us.cl this 
appMach succ•ssfully, usin•1 an un.jercu.t.t•r to cut. slots lift or rnore in 
depth, 1"11,ri:ontally 111to t.l"1e ribs, usually at nud-httigf'lt.. That uems to push 
tr-1e peak vertical stro:ss furth.er a•..,ay from th• ro•:orn, which in turn seems to 
push the hori:ontal stress concentration higher 1n the roof. The low-angle 
snears ~hich would normally sno~ up at the Juncture of ribs and roof 
originate instead at the ni~den ends of the slots - and the disn-sn~ped mass 
. .,.ht ch eventually :eeoara~-:s r 1• 0: 0n·1 the r·:·ck &b•Jve th: r•,O:•M st ts ·:!own •Jn the r·:·ck 
C•: lo:""' tl"re s i •:O ts 

This scl".eme •.11 1:••.Jl•j p1··:t:~.c:·L-1 :-.elp tr·re ··: .. :·f C•:•11•jt t1•:.11, C·•.Jt •..ie ·.11°:·ul·::2 >:·s= S•:·rn,;;. 

a•::J•jttt·:·n;,l hea•:r.: .. :·m. ,.,,.j tr-,= l"lt·:; ·.r1.;0ul·J c·1··:·c·ac·l·,1 C•:c·:.r11>: u11stac•i:- a.11°j 11.:;.:-·::l 
Oolts an~ me;h - ~ec1u:e porrions of tne stress-relieved e-ll1pse s,;;.parate 
from the rockmass and sit on th-= 3lot See sKetch 
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4 4. STRESS RELIEVING SLOTS iN THE ROOF Thts is a airect approach to 
solving the pr~clem 

A common approacn 1n ~=--=c Canaa1an potasn mines is to cut a single slot al0n~ 
the centerline of tn-= r~~m. usually up to som.e natural plane of slippa~e 
That leaves two cant1l-=v~~=~ portions of roof hanging, one from eacn r10 rr 
those cantilevers ar: 3~0r~ 1c-:cause of a narrow roomJ and thick, tney mav 
~eed no support T~e l~t,;;.ral sti"ess is relieved until the slot ts squee=~~ 
3r"'1ut - a11•j t11 ·:·ur ca:e t: s::r .. s t.r-.at a sl·:·t 6" wt•.Je w.:•ul•j be c k·s.:-:1 111 ac: .. :·ut 
6 yt!ars. 
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In our cas• the cantilevers 111ould each be about 16ft long, and 7ft thick, an~ 
perhaps already fracture·j t,y a :r-.ear be·~inning at tt"oe 1·,:i·:ir.'r1t:> ;unctui·e. 5 ,:. 

they could not be c1:.ns1,jere•j sel f-<suC•P•:•rt111·~ - s•' tr.ey ,..,,,ul·j nave t·:. tie 
suspend•d with bolts. The proolero then 111oul~ be that we 111oul~ e.•pect at l•ast 
S" of lateral movement of the cant1l~vers - 111n1ch coula snear oif tne colts 
and so leave the r~:.i ~~supoort~a, 

For those reasons I woul~ prefer to ma~e the slots close to tl'"e r1ts, as 
close as conveni~ntly possible, 1111th one at each rib. As we aiscuss .. d, the 
sl•:1ts sh•::>uld be 1ncl1ne•j sl1·3t"1tly •::iutwar•j an•j upwar•:t, S•J that !F the rr:,·::>f 
slab ever did come l~ose 1t could still sit on the pillars, 

During and after the slotting operation the roofrock up to the anhydrite 
would have to support~~ entirely ~Y roofbolts, in suspension, WITH NO LATERAL 
MOVEMENT. That m1ia11s tr.at we nave t•:• evaluatit the b•:>lt.s alrea•Jy installed, 
and pernaos inst~ll a~1it1onal oolts. If we did have to I would probably 
1·ec·:i111men•j p1:>int.-ancr-11:1re•:1 1·.:-s1n1rebars. 

The two 6" slots shoulj ~rovide 10 or 12 years of stress-relief. 

~secondary effect, not to ce for~otten, is that the stress-relief slots Move 
th• stress conc~ntrat1ons further away from the room, but they still •x1st, 
an•j thity M1•.1't cause failures furtt"oer fr•:im th• rO•jM. The comforting response 
t·' this is that •,i,1e . ..,.:.ul•J Ooi f 1:irc 11111 the r•: .. :im to adr.opt a more fav~rabl• shape 
Ccircle or ellipse' around whicn the stress concentrations would be lower. 
Example: our 33 ~ 14 ft rectangle might nave stres3 concentrations of x4 at 
the corners wnereas aroun~ tne circular shape they would Oe x2. Stress levels 
r;1i 1_;ht thus be re•juc:·:t f,·,:·m att:>•:>ut :::(H)•:• t•:i al:n:>ut 4(lt)•)psi at tt"1e periroeters 

! '.Jl1•~ersta111j tl-·:.t. ~n •.i11 1 ~:1·cut• ~1· c·:ul·j pr•:.cn.t:·ly C·~ l=il'•:.cure•j 1-:ical ly. Once 
'i'1•: .. j1f1e•:% ~·:•cut tr:-! ·: .. :·!' ;l,:·t; I '.:.'•:·ul·:1 e. pect tt t·:• -:ut o,c .. :>ut. 11)1) feet. ·:·f 
slot p~r ~ay, or ~n= ~o~M per week. 

THIS TECHNI~JE - ONE 
MY SECOND CHOICE FOR 

~ •• :~lot:~ se.o .. <Lt. 
"""-yor•t:C/&loJ lCCllP\ 

':LuT rNCUNEO 1.1FWA1'D ANO •Jl.'Tl.JAED ;.::. i C:~CH ,:; I8 - WOULD EE 
FRCDUCING STAELE CONDITIONS [N FANEL I 

.. ' ! J ' I 

n·,,:.r,:. IS 111:1 •j•:,uct ~,, r,-,_,··,,l11•J ti1Eit ti'~ r1:.,:if '""tll •_;i·1e 1..IS '.o1arni11.;s r1·11:•'1t;-'1S 
~efore coll~p;e, at :e~;: S months of a~vance warning. 

t ~r.1nk tr"1at t!":e t.::I"::.•~ :,,. ,:,f :i=sv ~,-: 1 :r11 i ·..ia.s typical an•J ti-,at :s strl!l la1· 
S~~uence Qf ~vents ~l~l :~ follow~d in tne St~ra~e rooms. I ~O tn1nk that 
t~cnniques could ~e reii~e~ a l1~tle, hence the unaerstinding of the Moae 0i 
failure, hence the :nt.::rpretat~on of the instruMent.ation data. 
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I believe very strongly in rock mecnanics as an art, not much of a science, 
th•refore I value visual observations highly There is a ~trong tendency for 
th• science approach to be oase~ on questionable assumctions, one of the most 
·:·bvious of which has C:·ee11 t., base 1.JrF·P .jesi·;n an•j int~1·pretat1·:·n :·n "creep" 
df rocksalt - ~hereas ~Jst of the movement and damage nas been more like 
brittle behavior and fracturing. 

I believe, f·:ir .::,ari"1pl.:. t.l"':at '"e MUST e:· amine tht! r>:i•:>f failure in :.FQV J, 
ratht!r tnan speculate on it long-distanc•. It would takt! mt! aoout JO minutes 
per visit, and although I don't know how to calculate the probabilities of 

somebody g•tting hurt tnert! I feel certain that they ar• far lower than ~Men 
I cross the street i~ ~Me C!ty, or drive to !he airport, or fly commercially 
t•' lJ:3 °jest1nati•:•ns. It ....... :·ul·J ma~·e se11se t•:> have ·:>nly two people 1n the place 
at a t.11111t, in case ·=·no: sllp; an•l falls, i11 casit •:>ne acci 0jentally .jisl-: .. j•_;es a 
r•:•Ck. 

! '"''uloj try t•) r-:1a1:e tr-,.: c·:-nv.:r•;rence ~·1easur-:r;1ents t•) r•:•ck failure oy havi11•3 
m1:01·e arrays •:>f ·::-C:• :::· , :;, 1: ;, ·:Hi ;-, :. i .:; ·~ l'l l i e·J i 11 r•:O•:Of , ti cs an•j f l•)Or in th• 
~ooms. I ~ould map an~ scr~i:cn them perioa1cally, especially if th• 
C1:•nver•1ence •il'Clpt"1S ;r .. :01o.10:·:I S•:•rttetr-111113 u11usual. As l"'1•:•lo:!S were Cl•:>Sed •jff by salt 
movement I ~ould ari!l ne~ holes oeside th.:M, e~p~ :ing sttveral inches of 
tot.al displacement 

Because I. expect tl"'ui hi·;hest. stresses to be active mi•:lway a1.,n9 tne r•:>oms I 
would have on• a1·1·ay t.M:re. T·:> chi!ck that suppos1t.i•:-n I woul•j have a•jditional 
arrays, probably at the third or quarter points. 

I w•:-ul•:I e>:p11ct t•:i .jefine the ri1•:u:le a11•:I tl"'1e =•:one •:Of failurtt MIJCH i:.etter in tr11s 
1o1ay than by calculations in a ~omputer. 

If '"oi •:I•:· cut r-:i.i-:.: 0:·1· 1·~L1-::"'e·:::1 r·: .. :·::is ·:·r 1·elief sl·:•ts 
verify the relie~1ng ~~nav:or soon after doing the 1o1ork 
salt. t.•:• start ri1•:•v i n•,;r i 11 t.·:• tl"'1e s l •:•ts l Wfn?•J i at I! l y 

1o1•:1ul·:I e: .. :pec t t•':J 

I '"'1
:

1ul 0J .:: ~·ec t the 

~t t~e same time we should learn :o tnt-:rpret 0ur convi!r~ence grapns tetter -
and our d1agnosis then shoula all~w us to pre~ict roof bi!navior More closely 
ana witn greater certainty 

r understan·:I th~t y•:·u ~111:i!l'l•J t·:i- rnsi:al l S•:•r11e 1 ... :EM l'"1y1jraul ic l·:·:.·j c.::l ls : =· 
measure "stresses" ~~ t~-= ~~lt : L11e ~~at i~-:a ~erv muc~. recogn1=ing tnat 
the •:la ta may 11•:0t C:•e ~ ~·: t. ( ..... r-,at. r•:•CI<: ,jata l S a.wwav ~I !:•Ut r ...... :·ui.·j very r11uc•1 
likl! to know Mow cios~ ~ur ~uppositions are conc-:rning ~•rt1cal str~sses. 
nori:ontal stresses. st~ass co~c~ntrations. cManges 1n stress level. rel1.::f 
of stress.:; - ands~ on Ev•n crude measur-:ments, I think, woula ~e muc~ 
~.:tter tnan relying ~n t~eor~~ic~i assumptions. and tne cost of :ne 
t 11s t 1·wrie11ta ti ·:·11 '"ill :-:•:· •. c:..: ·~1·-:a t 

One mor~ tnought on tnstrum.:ntat1on: Could fOU plot your SFDV I conver~enc.:: 

data on sem1log paper' ! have seen instances 1o1n11re a change in rock Oi!havtJr 
was p1npo1nted better on tne sem1log plot, espec1ally wnere the total 



r 
~.; 

Time is rr.Jmiin•; ·:•ur d :•·,i;; ,·ep.;·r"t ~:; ~·=· ··e:.c:-. .:•:·•J :·y 4;.·r·:l 1'.:0~t":. S·:· ~ 'wlLl 
s~op new If I can rel~ ·1~u ~~a 1G~r ~ro;e~~ f~r~M4~ - r~s~ ~et Me ~n0~ 

.~ ~ c ~ F· a ,. •·· -: ,. 
_7~· / '"P 
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PHONlt 9011-995·5••5 

OR 9011°1195°538• 

JACK PARKER AND ASSOCIATES, INC. 

•:• r R F C .:.,:•>: 

ROCK MECHANICS • MINING • GEOLOGY 

WHITlt PINlt. MIC:HIQAN •9871 

Westingnouse wIPP Fro1ec: 
4!)1 Ca11al 
Carlsbaa NM 38220 

:"lay 21st J·j·,?J 

FOLLOi.l-1.!P CJN THE ::.1.1MMARY OF E:<F'ERT OPINIONS 

dFE EXPECTANCY OF ROOM l PANEL l 

Thankyou for the package of reports from experts, and your summary. I 
understand tnat we •.11ere go in·~ t•J talk aoout them oy phone yesterday, but we 
ojl(ln't C•Jnnect, and it m1 1;nt oe difficult in the near future, S•) I will put 
my C•Jmments •:•n pai:•er. 

EIOX46~ 

First - you did a good Job under aiff icult circumstances, with so many cooks 
in the k1tcnen I'm glaa tnat I didn't nave to ao it. 

I. GENERAL COMMENT GN THE E~EC SUMMARY If some exec lookea at the summarv 
in naste, particularl1 tne first section, he could get tne impression tnat 
Room I Panel l has a 1:re exce~!~ncy of 8 iears f,om toaay Tnat snouia te 
corrected, of course 

-. THE MI·3:3It·JG F:ECOM!"IENOATION. t-;y i:•r rn1arv rec·:•rr-.r11ei1•jatl•::in •.-.ias an•J sttl i : : 
that the m1ss1on to prov1ae staole storage rooms at least cost oe 
accompiisned by ariv1ng new rooms 33ft ~1de tnrough tne m1aale of tne 
l00ft-w1ae pillars, ie oetween the existing rooms. I j1a not see !nat 
recommenaation in tne summary Perhaps I d1a not s!ate it forcefull; enougn 
r; 1 i t:'/ :t·_jarn 

The new rooms would be in stress-relieved grcund. 

The .jegree •:tf certainty •:if life 1•equired 111oul1j be MUCH f-1i·~her. 

Most of the freshly-m1nea salt could be stuffea into the existing rooms. 

r estimate that the cost of cutting the salt and hauling it aoout 500 ft 
~ould be about 12/ton, or aoout 520,000/room. That would oe cneaper thar 
most of the other proposea fixes, I tn1nk 

As a cneck on my cost estimate I called J1M Ryan at Eddy Potasn :i few 
minutes ago. He s:i1~ ~nat I couia ~uotd these i1~ures: Mining cost 
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i:1 u-:i:-!1' th111 seari-.. 111ciuo:nn•3 aii un 1Jer 1~r 1:1 un•J ci:·sts, f·:·r ti1t? wn•:•ie .:.f 
l990, was S3.891to11 ~e volunteerea a guess tnat to cut tre salt and naul 
it 500 feet woula c~st aoout 121to11, ana tnat it snould o~ oossiole to 
cut and naul the i0,000 tons 1~ ~ or S shiits 

That would be the qu1cKest fix too. 

Tne e ist1ng rocms ~o~:~ NOT oe a total loss. since tnev oro.1~e t~e 
;tr~:5 f::i:~T .;:r:: :'.:" .. 4~·~ ~irn•:1 -:t: ci:.1m tr1at. JJt! C•l.~11ne•:J it ti-,a~. ·.va·y 

Sacvf1ll :n t~e e-15ting rooms woui~ stac1ii:e tne syste~ as a ~nole, 
for tne long term 

Can tnere be any aouot t~at ~ne ~ew rooms woula oe the most cost-effective 
~ay of acn1eving tne :es~lts needed' 

If tr.at appr•:iach is accep~a:·Le. m1:1st 1:.f t.he •:itrier statements need not t•e 
aiscussed, out a couple of tnem deserve it anyway 

3. ROOFBOLTS. First a ccmment on the modes of oolt failure - ancnor failure 
vs bi:1l t. shear. I think that ! un1Jerstan1j tne •:Ii fferences in 1:ip1ni•:in 
expressed. In some cases. as quotea oy Parvis from the Canadian potash 
experience, failure ~as Deen at the mechanical ancnorage. I would attribute 
that to cnoic~ of ancn~r. oeiiev1ng tnat a ffiecnanical anchor with a larger 
oearing area, and/or witn pr~ngs neld together at tne ancnor base Cinstead of 
a Dail at ~ne topJ wouLd :erform much better. if failure IS at the anchor, 
then most operators in t~l3 c~untry would switcn to us111g a couple of ;eet oi 
resin at the top of a ,·~car Scme comcine a mechanical ancnor witn a slug oi 
resin Jim Scott·3 Ov~? :;;:~ws 1nto a 01ece of plastic l~Ss~nt1ail~ r9sin in 
a :oiia sta~eJ ana :f 1a~e3sar~ tacks :t up witn a slug of regular resin If 
:. :"'.:-c1a1' lS ;":r•:•n!~ -:-.,·:·u,;r· :-:;.:::1 1Ntil ·:=~1~!.·:·;:1 :t ~~11"'!V :·:.,-::;i::.-11t. res13ta11ce t.~:• 

p1...1i '.•:1ut., per :11cn ·:·r -~s111, =·:· pr•:•vi·~l'''3 a /le~·.::n::•; :>1steri1 

f~llv-grou~~a ~olt. ~an ~~ sr~area sooner tnan a ool: ~itn no grout arouna it 
so ! ~ould ior~aily r~c0mmena onlv po1nt-anc~orage. not !u1l~-groutad. 

! was 3omewnat d1smayea oy tne numerous suggestions tnat a oolt-i~vest1gat1~n 
program oe set up. It seems to me tnat tne work nas alreaav ceen aone, ana 
tnat we could get the resul~3 ~rom manufac:urers lto ~e :aken witn tne 
proverbial grain of ha~1tej ana rrom manv operators in salt and s1m1lar 
ev!porites. 

4. OTHER FORMS OF ROOF SUPPCRT With rooms 33ft wide I would be concernea 
about t~e ~esign Qf slings wnicn depend on ancnorage of 111ciinea colts acove 
the piliars - because it is nara for them ~l prov1ae mucn vertical s~pport of 
dead loaas Most of those wn1;n I nave seen enaea up as hammocks loaaea witn 
~roken rocks, sagging ~s a ~~mruock wouid sag. In our case they woui~ also 
~ave to y1eia instead :f ~:~~· i~g 

l i-1ave a •::JUt:Sti•::011 C•:•11C~:',"':1·,;; ~-.~ '.J!:O •:.f :=-.ci111;1, 'N!'HCM nnqi1t. en1j 1.JC1 i. 1:u:1 Kli1 1~ 

~u:.t? c:ii··:·ken r•:•ci-:: in;:.;-; :·(11.:1~ ::.,~ I·ri-, ,i;1:·111Je;·H1•;1 l""'i:·w 'JJe ·~·::O'.Jl•J m·:1111t 1: 1 r t.::e 
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~ MODES OF FAILURE OF T~E TEST ~COMS .~er: ~as. ~· c0urse. ~ucn ~1sc~ss1on 
of the probable mo~es of r::.1lure of t~e foorus. ::.~a s~]ge~:1Jn; "or fur~ner 
l11strurnentatii:;1n, anaiys1:0 .:tn•J rf1•:•·:ed1·,•;;J 

~gain I was somewnat ~::.~en i~ac~. s:0(: t~e r~::.. ;~~~ers :;,re re:;,~:i. 

a-...:t1 i.:.c·L~. ~11 t.r:e :;1::1iEo ~s ·Jl:·=·-~==:o(J -::.1 ~ :i:-1"'. i r 1-·~· .. • ·=~·=~:. =--~ L·:·:-, r:•:·i-:: .. i: ... i::-

f :0:11ne·~ ·:"-"~· :t:"•:'~ ... ff".(J :.-;e .·:·:•;:·:s, .=- 1-11: :~,:ri::-::::.i;,J 1:1 ... ..:.~·::-:?·: ;::.11 ;.:·::9'.~:n1:·i,; ·_.; ,.IJ•:uiJ 
q~1c~iy ~ei:0e ~~e ;~ii~(e ~a~:~ -

:u•;gest.1•:•ns •.o11ere •ua·je :·:· ;~:·a··::.':: ···:··:·1' ::.iv: i 1.:··:·1' ····=·•:'::ent. r:.··i •..1sF1·~ ~·,,:.ri:

corehole extensometer~ - cut :~o;e g::.~~-=~s oecome e. t1~ct wnen ~~e ~oie~ 

sn1ft too mucn. In some otner ~1nes "'• ~;.e ~sea ::. :rec1~e level an~ roa ·~ 

r11easure el t!V at l •:mr1s ·=· f , ... : f .:- t ~t;.: .:- ~·1.::· 111 t: ·:·n · ·:11:1f ~li·.: i l•:":' r - ma,1:1 i 1"'1:1r11 ,: n~ 

:= t--'.JP - as .a t-e•: '.1n 1 ·~u~ T ·~,\... m:? :1~ j"\ ~ :"°~'~ ·: ·:qy..,. ~ i'",~0:~1c = a111: ·~~ f i , in·~ i:.r,~ amr:·un1: 5 

:ontr1butea oy roof ana fl~or ~t ~or~s ~eli We cs~i~. lf nec~ssar\, 
;ueasure t·:• J.111)00crn. c•ut. !'·:;·_,:;,•:Of •:·:'Ui'Se. tr·:.t '"'':".d•:l ,-,.:·t c0e ,-,eces:sary 

=lease tt-1a11k .".'•:•e t ·=• r :se11•J i 11•.;;i t :-·e ,. e~··=· ~·ts ;:•!1 .-,,:i ~-- ·· ·:·.:;r,·, ~:1st 1·•..:ment.:i t 1 •:•n. ::.•:ime 
~av we'll have ~:i t::.ik ~oou! :n*~· :ecause: ~as ~:irti=ui~rly interested in 
~ne loaa-cell data - ana ! a1c not see anYtn1n~ ~:~e tne issumea 2000ps1 
nvdrostat1c stressf1ei~ Hs~e1er, tna~ ~oes net affec~ any of the com~~nts 
ind recommendations ~a~e ~~u.~ 
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RFSPONSE TO STATEMENT 1 

An estimate can be established for the period of time that Panel 1, in particular Room 1, 

remaim accessible on a daily basis beyond July 1991. 

Observations: 

I. 

2. 

Data are available on the stability of the four SPDV test rooms: Room 1 (SPDV 1) failed 

after nearly 8 years. Failure occurred on shear fractures angled upwards at about 20" 

from the rib, with the apex of the fall probably coinciding with the clay seam underlying 

Anhydrite B. Precursors of failure included acceleration of the vertical closure, first 

noted in May 1988 (just under 2 years prior to the fall), detection of fractures in the roof 

near the rib, and indications of separations in the roof. The other rooms are still 

standing, and, prior to the closure acceleration, vertical closure rates were quite similar 

to each other and tend to be slightly less than for SPDV 1. SPDV 2 appears to show 

acceleration of vertical closure (starting in late 1988), though this is not as pronounced 

as in SPDV 1. SPDV 4 shows fractures at the rib and evidence of lateral slip in roof 

boreholes. This room was bolted in the 1989/1990 time period. The current life of 

these rooms is as below. 

RQmD Life to Pregnt Comments 

SPDV 1 7.9 Yrs Roof Fall in 2/91 
SPDV 2 8.1 Yrs Possible closure acceleration starting in late 1988 
SPDV 3 8.1 Yrs 
SPDV 4. 8 Yrs Rib Fractures and Roof Slip Observed: Bolted in 

• 89/90 

Data on the seven Panel 1 rooms show no evidence of immediate failures (accelerating 

closures) at this time (3 - 5 years after mining), though incipient rib fractures are seen. 

Panel 1 Room 1 shows incipient fracturing in the roof, evidenced as shears developing 

along the rib edge. The other rooms show similar fracture development, and in some 

2 



cases this appears more severe than in Room 1 (Rooms 6 and 7 for example). The 

vertical closure for all of the rooms is quite similar to that for SPDV 1 up to the present, 

with closure rates showing a general decrease to a fairly constant current value. Closure 

rates for Room 1 match those for SPDV 1, and arc somewhat higher than for the other 

SPDV Rooms. In terms of the time since mining, Panel 1 Room 1 is now at the same 

point as SPDV 1 was immediately prior to the acceleration of closure. Panel 1 Room 

1 was bolted in 1988, two years after mining. Some local slabbing of pillars is seen in 

the Panel 1 rooms. The current life of these rooms is as below. 

RQ2Dl Life to Present 

Room 1 
Room2 
Room 3 
Room4 
Room' 
Room 6 
Room 7 

4.9 Yrs 
4.3 Yrs 
4.2 Yrs 
3.3 Yrs 
3.3 Yrs 
3.3 Yrs 
3.2 Yrs 

3. Floor heave has been a problem in all rooms (SPDV and Panel 1). Standard practice is 

to recut the rooms and to backfill loose with crushed salt. The floors are apparently 

stable at this time. 

4. An additional fall has occurred in Room A2 of the SPDV. This room had a different 

geometry to those of the SPDV Test Rooms and Panel 1, was at a different horizon, and 

was heated during its life. Failure appears to have been by a similar mode, and a 

precursor in the form of accelerated roof deformations was seen about two years prior 

to the collapse. 

5. Rib fractures arc evident throughout the facility, including the entries (e.g. NllOO). 

There is no evidence as to whether these arc deep shears or surface spalls. 

3 
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L. 

Comments: 

I. The mechanism for failure is by low angle shears in the roof. This is caused by the 

lateral stress due to removal of support for the horizontal stresses and by lateral 

movement of the pillar material into the room. The Clay underlying Anhydrite B may 

contribute to the severity of the effects in the roof beam due to slip along this plane and 

isolation of the immediate roof. 

2. The SPDV Rooms and Room 1 show general similarities in their geometry and geology, 

though their are some differences. Thus: 

0 

0 

The room geometry for Room 1 is similar to the other Panel rooms and to the 
SPDV test rooms. 

The geology in and around Panel 1 appears to be similar to that around the SPDV 
test rooms. In particular the clay/anhydrite above the rooms appears to be similar 

o Their are no apparent anomalies associated with any of the rooms. 

o The sequence of mining was a little different with SPDV 1 mined after SPDV 2 
and 3, though by only about 1 month, while Panel 1 Room 1 was mined first in 
the panel. 

o Panel 1 Room 1 has been bolted 

Available Information: 

Available information includes the Rock Mechanics instrument data from the SPDV 

rooms and from Panel 1, field observations by the Westinghouse geotechnical staff and by the 

panel members. Of particular importance are the convergence data and inclinometer data. 

There are no roof extensometcr installations in Panel 1. No data are available of modelling 

results of the stress and deformation fields in Panel 1 (or in SPDV test rooms). 

4 



Factors to be addressed: 

1. The ability or the Panel to address Statement 1 based on the available information. 

The WIPP facility is heavily instrumented and abundant data are available. Much of 

these data are useful in addressing the stability of the rooms. Lacking are a) roof extensometer 

data to give any information of separations in the roof of Panel l Room l (or elsewhere in the 

panel), b) inclinometer data on horizontal movements in Panel 1, c) good data on roof bolt 

performance (loads, pull out tests) and a thorough analysis of modes of failure, and d) model 

data to give information on the stress field development. 

As noted above useful data are available on the stability of the four SPDV test rooms. 

Based on these data some estimate of life expectancy can be made. However this estimate will 

have a larger uncertainty than if more rooms were available for comparison with a greater life 

L and additional data on roof bolt performance were available. 

2. Best Estimate for life of Room 1. 

3. Lower and Upper bounds estimates for the life of Room 1. 

4. Levels or uncertainty smociated with estimates 

Estimates of the life of the room should be considered in terms of the increasing 

uncertainty in the estimate with time. The uncertainty of the life expectancy estimate is zero at 

this time, increases slowly over the next two to three years, then increases more rapidly. 

Estimates 'of life are based on a) comparison with the behavior in the longer lived rooms 

and b) observation of current conditions (fracturing) in Room 1. From these sources the 

r . following observations can be made: 

5 

l . 



0 Of four rooms longer lived than Panel 1 Room 1, one failed after just under 8 
years. This room had indications of impending failure after 5 years: this is the 
current life of Panel 1 Room 1. Of the others, one (SPDV 2) may be showing 
incipient failure (accelerated closures), the others show shear fractures at the rib 
but no accelerations of closure. 

o Panel 1 Room 1 shows incipient roof fracturing at the ribs. 

o In the other failure (A2) closure showed acceleration about 2 years before failure. 

Based on these observations the lower limit of life for the room in tbe absence of bolts 

may be estimated as two to three years from now (seven. to eight years total) with high 

confidence. This estimate is based on the comparison of the closure curves and the age of Room 

F: 1 and SPDV 1. A lower limit of about 10 years total life can be estimated with lower 

confidence based on the current life of the other SPDV rooms and an assumed two year closure 

precursor. The upper Ifamit is impossible to estimate with high confidence on the basis of local 

data from the WIPP facility. Observations in other mines with similar conditions suggest that 

a life of greater than 10 years is not unreasonable to expect, but that an unmaintained life of as 

much as 15 to 20 years is unlikely. 

The effect of the bolts on the life is unknown quantitatively. It is likely that the bolts will 

not delay failure of the roof, but may be able to support it: a further discussion is given in 

Statement 2. It should be noted here that the life of the room can be extended if careful roof 

monitoring is combined with an adequate support system, and if provision for maintenance of 

that system is provided. Failure of the roof on shear fractures can probably not be prevented, 

however suspension of the failed slab can be achieved. 

Whether the maintenance involved in upgrading roof support during operation will 

require movement of the bins depends upon the final support system and the final design of the 

bins and associated equipment. This is an operational question and cannot be addressed further 
ii here. 
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5. Reasons for the levels of uncertainty 

The levels of uncertainty associated with any estimate of the life of the room are the same 

as those inherent in any underground mine in evaporites. They arise from ~e natural 

complexity and variability of geologic materials, the additional complexity of the highly strain 

rate and pressure dependant properties of evaporites, and our imperfect understanding of these 

mechanisms, or of the detailed effect of local discontinuities (such as the overlying clay). 

Standard mining practice in these materials (as in many others) is to use the mine itself as a test 

r bed. Initial mine designs are based on experience elsewhere in similar materials, but during its 

life the mine design is constantly tailored to local conditions. In the WIPP facility we have only 

[!I! eight years of experience in four rooms: this is an insufficient data base for projecting too far 

·" l:'C. 

into the future. 

An additional uncertainty comes from the lack of hard data on the efficiency of roof bolts 

in the current application. In most other mining applications in these materials bolts are used 

for local roof spalling control rather than for the suspension of large slabs. We have little site 

specific information on how the bolts will work, and on their life expectancy under large lateral 

movements. 

6. Additional information needed to improve estimates. 

Certain additional information would help to refine the estimates, and to reduce the 

uncertainties. Key data include: 

a) Rock bolt failure information. A more thorough study of the current efficiency of the 

rock bolts, and of potential failure mechanisms (shear, anchor pull out etc) would help 

considerably in assessing their contribution to stability. 

7 



ri 

b) information on progress of fractures in Room 1. Data on the current state of any 

fracturing in the roof of Room 1 would assist us in determining where on the failure curve this 

room is. Data could mclude radar/EM surveys and exploratory boreholes. Additional data from 

roof extensometers and inclinometers, and microseismic activity would help in monitoring 

conditions. 

I 
I 

c) modelling studies of unbolted and bolted stability would assist in estimating the 

progress of failure conditions. 

7. P-otential pillar (side wall) spallln1 

Pillar spalling is common in deep evaporate mines, and is seen in Panel 1. This has no 

impact on overall stability, but could produce operational problems in rooms used for bin tests. 

~ Provision should be made to protect the equipment from localized slabs spalling from the pillars, 

as well as to give access for cleanup. 

f' ( 
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RESPONSE TO STATEMENT l 

f 'l The rockbolt system· as currently confipred, is sufficiently effective to ensure that the test 

program in Panel I, in particular Room I, can be completed. 

Without rather drastic remedial measures such as slotting, the use of sacrificial drifts, or 

inducing slab collapse, the "failure• of the roof on low angle shears can probably not be . 
prevented. As noted in the remarks on Statement 1, this failure is likely to occur within the . 
anticipated life of the bin experiments. However it is also likely that the life of the room can 

be extended by the use of a suitable support system to suspend the failed slab. 

Comments: 

1. Shear failure ·of the roof will occur in a similar fashion to SPDV 1 because of the lateral 

squee:ze developed by of the high horizontal stresses and the lateral movement of salt due 

to the compression of the pillars. 

2. This shear failure will lead to a slab separation, this slab having similar geometry to the 

wedge failure in SPDV 1 and A2. Current bolts will not stop the development of this 

shear failure, and in all probability a result of the shears will be failure of the bolts due 

to shear, as seen in other mines. 

3. After development of the shear separations the arched roof above the slab will be stable 

for a reasonable period of time (several years). In developing the shear failure the 

material is breaking to a more stable configuration. 

4. The failed slab can be suspended from the overlying salt beam, or by some other support 

system. If rock bolts are used they can be designed to support the required weight. 

Continuous monitoring of roof movements and bolt integrity (i.e. bolt loads, 
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deformations and anchor movement, condition) will be needed to assess the efficiency 

of the support system. Provisions for rebolting should exist to maintain the support 

system. Local protection for delicate systems may also be needed. 

Factors to be Addressed 

1. The affect that the chanaes amociated with the test prop-am have on support 

requirements for Room 1, Panel 1. 

Changes in the test program include the need to extend the life of Room I from 

approximately five years (for a five year test program starting in 1986/1987) to 14 years 

(through July 2000). We already have evidence·-Of the ability of the rooms to stand for at least 

S years (the current life of Room 1) and have no evidence of failure before nearly eight years 

(the life of SPDV 1). Several rooms are still stable after eight years. On the other hand based 

~ on current knowledge a life of 14 years without supplementary supporting systems is very 

unlikely. The changed test program and life requirements have clearly added the need for 

r 
I ' 

support, and put quite stringent requirements on that system. 

2. The rock load to be supported is approximately the full weight or the roof beam up 

to the anhydrite "b" layer in the middle third of the span, and half this weight over 

the outer two thirds. 

Based on the evidence from SPDV 1 and A2 this assumption is reasonable. 

10 



3. The adequacy of the fador of safety of the bolting system used in Room 1, Panel 1 

to support the desip rock load. 

A factor of safety of 1. 7 for suspension of the roof is adequate provided that: 

o The mechanism for bolt failure is better understood 

o The roof and bolts are monitored for excessive movement and failure of the 

bolts/anchors. 

Provisions are made for maintenance of the bolting system during the tests. 

Without these items (especially band c) the safety factor is not adequate: indeed without 

these ru2 safety factOr may be adequate. 

4. The salt above the anhydrite "b" will remain competent. 

There is no reason to believe that this salt will not remain competent for a reasonable 

period under the current conditions. Allowing the failure of the lower unit will aid in 

t . maintaining stability since it will force the room to a more stable configuration. Care should 

be taken if one of the more drastic remedial actions is taken (e.g slotting) to ensure that failure 

due to lateral squeeze is not transmitted to this higher horizon. 

[_'l 

5. Sllppqe of anchors provides an acceptable approach to supporting the rock load 

while accommodatin1 roof closure, with daily access to the room. 

11 



6. The mechanism by which the bolt anchors will accommodate the movement or the 

salt while supportin& the immediate roof beam. 

It is extremely doubtful that anchor slippage will occur after the bolts have been set for 

a long time period. The anchors are set by applying a torque which expands the anchor shell: 

this leads to a lateral stress which, given the creep properties of the salt, will tend to embed the 

anchors. It is likely that the current bolts are stretching to accommodate creep rather than the 

anchors slipping. The estimated vertical roof movement of 3 • - 4 • since bolt emplacement will 

I have given about 3% sttain. If tensile failure occurs at 10" sttain this would occur in about 

1993 at current closure rates. Further information, including bolt loads and strains) arc needed 

r,::\ to evaluate this. 

- I t ' 
~ ~ 

Bolt failure is more likely to happen due to: 

0 Shear of the bolts due to differential lateral movements. 

o Stripping of anchor threads 

o Wedge pull-out due to excessive creep expansion of the shells. 

These potential failures should be analyzed by calculation, field proving of bolts and, 

possibly, laboratory studies. 
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RESPONSE TO STATEMENT 3 

r The level or confidence that can be placed in the estimate or the life for Panel 1 provided 

in the response to Statement 1 is in the accordance with accepted mining practices. 

The levels of uncertainty associated with any estimate of the life of the Panel are the 

same as those inherent in any underground mine in evaporites. They arise from the natural 

complexity and variability of geologic materials, the additional complexity of the·highly strain 

rate and pressure dependant properties of evaporites, and our imperfect understanding of these 

mechanisms, or of the detailed effect of local discontinuities (such as the overlying clay). 

F Standard mining practice in these materials (as in many others) is to use the mine itself as a test 

bed. Initial mine designs are based on experience elsewhere in similar materials, but during its 

life the mine design is constantly tailored to local conditions. In the WIPP facility we have only 

eight years of experience in four rooms: this is an insufficient data base for projecting too far 
I 

~ into the future. 

Factors to be Addressed 

1. The extent to which a probabilbtic basis for determining risk as.§eS.mlent is presently 

applied in mining. 

Formal probabilistic risk assessment analyses are not typically used in the operational side 

of mining, although they do have application in the marketing and strategic planning aspects of 

the industry. The only cases of which I am aware of the application of these techniques was in . 
the development of coal mine pillar design formulae in South Africa in the 1960's (Salamon, 

personal communication) where a large data base on failed pillars was available and in the design 

of open pit slopes (Ross-Brown, personal communication). 

13 



Informal risk assessment is the basis for mine development, that is an .understanding of 

"what works" in a particular mine is used in further developments, together with a basic 

ri understanding of the -inherent uncertainties. This is coupled with a constant monitoring and 

inspection program. Reasons for not applying PRA in a fonnal sense are the inherent 

complexity and variability of geologic conditions an inadequate date base and our poor 

understanding of how to quantify the behavior of these materials. 

l 
·, 

;·: · .. ;. :: L 

2. The qualitative nature of 1eolo1ic intormation 

Geologic infonnation, as currently available and used, is basically qualitative in nature, 

although attempts are made to quantify these data (by, for example, rock mechanics). The 

overriding reason for this is the inherent complexity and variability of the materials. In the 

current case of WIPP which is developed in a fairly uniform geologic environment this 

~ complexity still tends to overwhelm attempts to quantify behavior. Data taken in one room, or 

one location in one room, for example, can vary in another room or location due to subtle 

differences in geology, nearby mining or geometry. Moreover we have only an imperfect 

understanding of how to quantify mechanisms for such apparently simple phenomena as creep 

closure and shear failure. 

3. The extent to which a database or experience is available in the mining industry 

from an operatiom point of view to provide meaningful judgments at the probability 

levek used in the nuclear industry(i.e. probabilities of·~ than 1 in un. 

A wealth of data exists from other mines which can be applied to the WIPP facility. 

However much of this data is qualitative (see #2 above), and differences in its application can 

· :~ occur because of site specific conditions. It is totally unreasonable, and well outside of normal 
l 

practice, to provide probability levels used in the nuclear industry in this situation. 

14 
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4. The adequacy of the geomechanical database developed at the · WIPP and the 

methom currently in place to evaluate the performance of openings. 

In general the geomechanical database at WIPP is excellent - it is certainly much better 

developed than at almost any other underground facility, and is far and away better than 

available in the typical mining environment. 

With a few exceptions the current monitoring is adequate. The exceptions are : 

0 

Vertical extensometers and inclinometers in the roof of Panel 1 are needed to 

assess/monitor roof movement and separations. 

Pressure cells in and around· the rooms would help to monitor stress fields. 

o Rock bolt load cells, and methods to assess rock bolt strains, are needed to 

evaluate performance of the support system. 

o The addition of microseismic monitoring of the roof in Panel 1 would assist in 

monitoring impending fracturing and failure. 

o Additional roof integrity investigations (radar, EM or borehole) would also help 

to monitor roof stability. 

15 



RFSPONSE TO STATEMENT 4 

r:i Modif"JCatiom to the support system in Panel 1 can be implemented to emure that access 

is maintained to the room! on a daily basis until the tests are completed. 

Without rather drastic remedial measures such as slotting, the use of sacrificial drifts, or 

r · inducing slab collapse, the "failure" of the roof on low angle shears can probably not be 
I 

prevented. As noted in the remarks on Statement 1, this failure is likely to occur within the 

anticipated life of the bin experiments. However it is likely that the life of the room can be 

extended by the use of a suitable support system to suspend the failed slab. 

Shear failure of the roof can only be prevented by the use of some method to relieve the 

lateral squeez.e. This relief can be achieved by a) slotting of the roof, or b) the use of sacrificial 

drifts either in the large pillars or above the pillars. These methods are normal in other deep· 

evaporite mines. These are not discussed in . further detail here since they are probably 

unacceptable in the current facility at this time. However they may require consideration for 

future developments. 

If shear failure is allowed to develop this will lead to a slab separation, this slab having 

similar geometry to the wedge failure in SPDV 1 and A2. Maintaining access then depends 

upon supporting the failed roof by bolts, rope cradles or massive steel sets and/or timber. Any 

of these systems could be designed to provide the required support, but all will require the 

ability to monitor and maintain, which will require access to the roof. 

16 



Factors to be Addressed 

1. The modifkations and additions to the support system needed to ensure the 

completion or the tests. 

As noted above several additional support systems could be used to maintain access. 

These are briefly summarized below: 

0 

0 

~. As discussed in the response to Statement 2, bolts could be used to 

suspend the roof provided that they are continuaJly monitored and provision exists 

to maintain the system by rebolting as required. 

Cradles. The use of a wire rope cradle keyed into the overlying salt beam has 

been suggested by Dr. Miller. This system relies on supporting the broken roof 

on a laced rope and mesh support. This should be successful provided that the 

roof breaks satisfactorily, or that the system is engineered to support the unbroken 

slab. Keying the ropes into the overlying salt relies on adequate adhesion to this 

member: keying into the areas over the pillars (on 45° angles) might be 

considered. 

o Cribbin&. The use of cribs along the room length (centerline) with local side 

support by bolts would support the wedge failure, but would complicate access. 

Nevertheless this is probably the most positive and easily maintained system. 

Steel sets could be used to the same end, but with similar access problems. 

17 



2. The maintenance activities that will be needed in the room. 

Whatever support method is used monitoring of roof and support behavior and the ability 

to maintain the system are mandatory. The details will vary with the system: 

o B211s. Bolt load and strain must be monitored. Further investigations of failure 

modes, including field pull-tests are needed to properly design the system. 

Maintenance activities will include rebolting as needed and possible local scaling. 

0 C@dles. The performance must be monitored by regular inspection, monitoring 

of roof movement before and after failure. Pre testing to ensure the adequacy of 

keying of the support ropes should be conducted. Maintenance will be minimal. 

In the event of loss of support due to rope pull out or failure a secondary system 

(such 3S cribbing) may be needed. 

o Cribbin&. Crib monitoring would include the use of pressure cells to monitor 

loads on the cribs, and convergence meters and extensometers to monitor roof 

movement. Visual inspection of cribs and for local slabs will be required. 

Access will be needed to inspect the cribs and roof, and for bolting of local slabs. 

3. The need to remove the cables for the bin scale tests in order to install additional 

support. 

Given the likelihood of roof failure with any support system, and the need for access to 

bolt/scale any local spalls, removal of the cables from the roof is needed. Cables should be 

slung in trays supported by long bolts into the pillars. 
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RFSPONSE TO STATEMENT 5 

The geomechanical monitoring program and the routine observatiom in Panel 1 can provide 

sufficient warning to allow the timely retrieval or the waste Crom the Panel. 

Based on the evidence from SPDV 1 and A2 acceleration of the convergence data gives 

about 2 years of warning of impending failure. In practice this will probably be closer to 18 

months due to the criticality of conditions immediately prior to failure. Given the assumption 

of 6 months to remove the waste this should be adequate warning. Note that on the one hand 

this time does ru2l account for the delays possible due to the current bolting, or the use of 

rm additional remedial support. On the other hand the two years is based on only two data points 

and could be short.er in other cases. Continuous monitoring after a critical acceleration is 

recognized, and the ability to use short term remedial support are necessary. 

~ Factors to be Considered 

f . 
.. -

1. The adequacy of the geomechanical data base developed at the WIPP provides an 

adequate basis to predict and provide early warnin1 or deterioratin1 conditions in 

Room 1. 

As noted above the current data base is adequate to give the necessary early warming. 

2. The adequacy of the present geomechanical instrumentation installed in Room 1 to 

provide early warnina or deterioratin1 conditiom. 

3. 

The present instrumentation is adequate, but minimal, for early warning. 

The adequacy of the proposed additional geomechanical instrumentation to be 

installed in Room 1 to provide early warning of deteriorating conditiom • 
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The proposed new instruments will greatly enhance the early warning _capability. Key 

here are the additional convergence stations (which cover a larger roof area) and the roof 

extensometers (which ·should extend well into the roof: i.e. well beyond anhydrite b). 

4. 

Further instrumentation which should be added include: 

a) 

b) 

c) 

Roof inclinometer holes to detect lateral movements 

Rock Bolt load cells, and strain gaged rock bolts, to monitor bolt load and 

deformation. 

Microseismic monitors to monitor rock noise. 

The criteria to determine when removal of waste becomes necessary. 

Based on previous experience impending failure is signalled by accelerating closure. This 

will continue to be the best pre-cursor if additional support is not planned. In these conditions 

it is likely that acceleration of closure will occur about two years prior to failure, while six 

months are required to remove the waste. On this basis the following criteria are proposed: 

a) Acceleration of closure and/or accelerated separation from convergence data and 

MPBX results. Given the natural variation observed due to thermal and other 

sources these accelerations should be continuous for a period of six months. This 

b) 

. 
time lag will allow confirmation of the trend as well as a period to attempt 

remedial measures. 

If the acceleration does proceed for six months, and if remedial actions do not 

stabilize the roof, then waste removal should be started. This would be complete 

20 
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one year after first detection of the accelerating trend. This time frame completes 

removal one year before projected failure, or six months before critical roof 

conditions are developed, giving a six month margin of error for earlier failure 

development or for delays in the removal of waste. 
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RESPONSE TO STATEMENT 1 Panel Member: Joe R. T;llerson 

Very limited data exist for judging the longevity of even unbolted 
rooms at the WIPP. The data that do exist have significant scatter 
related to the 4 most direct areas of comparison {ie the SPOV rooms). 
As regards the performance of bolted rooms at the WIPP site, almost no 
data exist at this time on the effectiveness of the bolting system. 
This lack of data makes it very difficult to predict longevity with any 
degree of certainty. However, it is my opinion that none of the three 
cases considered as part of this statement will provide sufficient 
longevity at a high level of confidence to assure satisfactory 
completion of the testing program. Detailed estimates of the longevity 
are therefore of little value for the current support system and are not 
included in my response except to say that high confidence cannot be 
achieved for the desired 14 year lifetime needed (5 years old now plus 
up to-9 years possible for the experiments}. 
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REVISICN l 

'!he roc:Jdx>lt systm as currently o:nfigurad, is sufficiently effective to 
ensure that tba test ptop:am in Panel 1, in particular Roan 1 can be 
carpleta::I. 

1. 'lhe test ~am will start in JUly 1991. 

;, 'Die 'UR pl'l!§li!BI will be mcpleted in &3'ttl:! 1996. 

la ~ieval II• All• 1 aan 8a ass :plieMli 9eeweePl JtdJ 19'6 md 
~y 19971 

4. 'lhe bins C1®IJl' be d..isc:a"lnect and mova:l tQ facilitate 
maintenanca of the roans. 

Revised -Assunp:ion 

(replacinq AssuqJti.aw 2 & 3) 

'Iha test prop:am includin;J retrieval will be c:aq;>letecl b'f JUly 2000. 

l. '!he attect that the c:harqes associated with the test pz:op:am hava 
ai support requirements tar Reem l, Panel 1. 

2. 'Iba rock load to be supported is approximately the tull '#eight of 
the roof beam upto the anhydrite "b" layer in the middle third of 
the span, an:l half this weight over the ooter two thirds. 

3. 'lhe adequacy of the factor of safety of the boltin; system used in 
Roan 1, Panel 1 to SUAJ01t the design rock load. 

4. 'lhe salt abova the anhydrite ''b" will remain catp!tent. 

5. Slii:paqe of anchcrs provides an acceptable ai::proac:h to supportin:;J 
the rock load Wile ao:u11tcdat.i.rq root closure, with daily access 
to the roan. 

6. 'Iha machanism aj which the· bolt anchors will ao:u111cdate the 
m:M!lDellt ot the salt while su;portinq the .i.?llnediate root beam. 
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RESPONSE TO STATEMENT 2, REV. 1 Panel Member: Joe R. Tillerson 

Three cases were identified in Statement 1: 
by considering each of those three cases. 
individual case are given below: 

I will answer statement 2 
The responses to each 

1. No maintenance in terms of scaling of roof, milling of floor or 
installation of additional support. 

Without maintenance, the data from the unbolted rooms, the age of 
the rooms in Pane 1 1, and the questions re lated to the potent 1a 1 
for shearing of the existing bolts clearly indicates it is doubtful 
that high confidence can be achieved in the performance of the 
current support system for the entire duration of the experiments. 
However, the same data indicate there would be sufficient warning 
of impending large roof falls to allow starting experiments in such 
rooms provided bins could be moved, if necessary, during testing to 
a more suitable area. 

2. Limited maintenance without moving bins. 

While •1imited maintenance" would certainly require further 
definition, it is doubtful in my opinion that high confidence in 
the performance of the support system could be achieved for the 
entire duration of the tests. This is based on the fact that, with 
only limited maintenance, this option does not relieve the concerns 
related to bolt shearing effects and would not allow replacement of 
bolts that have become ineffective. 

3. Extensive maintenance on an as required basis, with bins removed 
from room, if necessary during maintenance activities. 

This option would allow bolt replacement and even installation of 
additional bolts, possibly longer, stronger ones, between the 
current 1 y i nsta 11 ed bo 1 ts. I cannot reconvnend this approach for 
Room 1 because of the large amount of interference that would exist 
with the instrumentation and •plumbing• already installed within 
the roOll. 

Factors considered in the above response: 

Some of the factors considered in the response given above are the 
age of the current openings (about 5 years for room 1), the behavior of 
the unbolted (or minimally bolted) SPDV rooms, the lack of data at the 
WIPP site on the multi-year performance of bolts, WIPP fracture data 
that clearly indicate significant rates of lateral deformation, the lack 
of ability of the bolts to retard motion (hence fracturing) within the 
roof, the potential for the bolts to shear as a result of the lateral 
deformation of the roof, and the promhes made related to assuring 
retrieval of the bins after the completion of the experimental program. 
These items lead me to believe that the bolts will certainly extend the 
useful 11 fe of the rooms in pane 1 1. However, none of the approaches 
1 isled above leave me with high confidence that the rooms can be used 
for the duration of the testing without significant modification or 
enhancement of the support systems so I wil 1 not attempt to give a 
useful life for these rooms without modification. 



:REV'ISICN 0 

'Iha level ot <X:l'\f idence that can be placed in tha estimate ot the life for 
Panel l prcwi.dm in t:ba resp2\S8 to Statanent l is m accardanc:a with 
accepted mininJ practises. 

f1 
Factors to be M:lzr"d 

I, 

I 

rm "' 

l 
~ 
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l. 

2. 

3. 

4. 

n. extent to 'Which a probabilistic basis for det:erminin; risk 
assesesment is presently applied in minin;. 

'Iha qualitatiw nature ot geolcqic intaz::matiai. 

'Iha extant to litlich a datatese er uperim is available m the 
minin;J industry trail an cperatiais point ot view to provide 
maanin;tu1 judganents at the pra:.bility lavals used in~ 
ru::lear industry (i.e. probabilities ot less than 1in10 ). 
'1his is not to be applied to an assessment of tba 1Q"l3'blnl (10,000 
year) parfczmance of a repcsitary. 

'Iha adequacy of the qeanec:hanical database davalq>ed at the WIPP 
and tha mat:hcds o.irrently in place to evaluate tha performance of 
openings. 
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STATEMENT 3, REV. 0 Panel member: Joe R. 1illerson 

Probablistic app_roaches to judging the lifetime for usable access to 
openings in underground operations are, at best, in their infancy and, 
hence, are not likely to provide significant credibility if applied to 
the current questions surrounding the stability of rooms in Panel 1. 
Underground safety for facilities that require a significant lifetime is 
generally approached with conservative, but reasonable designs for 
support systems and a very strong and unwavering commitment to 
monitoring and prompt maintenance. The data gathering activities at the 
WIPP site have provided much valuable information for use in making 
decisions related to underground operations but do not provide, as yet, 
sufficient basis for the extensive application of probabilistic methods 
for failure predictions. Some applications of probabilistic methods are 
probably appropriate for evaluating some concerns that arise in 
evaluating the current data; one example of this would be probabilistic
based •valuations of how long it would take to determine if the rate of 
room closure were accelerating if the uncertainties in individual 
measurements is considered. The current geotechnical database provides 
some very good information related to the performance of openings but, 
in my opinion, should be expanded in the rooms in which the bin tests 
w111 be conducted. The current measurements re 1 y very heavi 1 y on 
closure information; difficulties in determining whether the predominant 
motion is occuri ng in the floor or the back cou 1 d be overcome by the 
addition of a few multipoint extensometers, predominately in the back, 
in each room and in the accessways. The extensometers would provide 
excellent indications of the extent and principal location of roof 
motion. Some extensometers placed in the floor could also provide 
excellent insights into the extent and timing of the behavior of the 
floor. In addition, observation boreholes should be added to the rooms 
and accessways in pane 1 1 to assess potent ia 1 shearing motion as 
fractures form in the roof. 
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Mcclificatiaw to the~ system in Panel 1 can be ~lemented to 
ensure that -=-• is maintained to the roans at a daily basis until the 
tests are ~lAtad. 

r~i Factors to be !Mrese1 
\ 

l I 

l. 'Iha m:xlifications an:i additions to the 5URXJ1"t system needed to 
ensure the ccmpletion of the tests. 

2. 'Iba maintenanca activities that will be rwaied in the roan. 

3. n. nMd to relllCY9 the cables far tha bin scale tests in order to 
install adclitiaW. ~t. 

at . .. ; . 
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RESPONSE TO STATEMENT 4 Panel member: Joe R. Tillerson 

It is certainly ·conceivable that the current support system with timely 
maintenance could allow the rooms to be usable for the entire duration 
of the bin experiments. However, without additional enhancement of the 
support systems in Panel 1, it is my belief that we cannot have high 
confidence in the usability of the current rooms as is for the intended 
duration of the experiments. 

Numerous opt ions exist that have been effectively used 1 n other 
underground applications and could be used to further enhance the usable 
lifetime of the rooms in which the experiments will be conducted. These 
enhancements could provide the required high confidence level. This is 
especially true since the data from the SPOV rooms and other underground 
areas have es tab 11 shed the expected displacement patterns and fa i1 ure 
mode of the rooms. 

For the behavior observed in the WIPP, proposed enhancements of the 
support systems generally fall into two categories: 

1. Enhancements that relieve the stresses on the roof beam that 
could.fail (eg. slot cutting in the roof or mining of adjacent 
openings) and 

Z. Enhancements that prevent 1 arge blocks of the roof from 
falling on the bins (eg. installation of longer, stronger 
bolts between the current bolts, cribbing, cable systems that 
are combined with wire mesh, yielding trusses) 

Since my experience and expertise lie more in the modeling of the 
behavior of the salt and the support systems, please rely on other panel 
members with support system design experience for detailed definition of 
the enhancements. My principal comment is that the mechanics of the 
proposed enhancements are sound and with proper installation should be 
capable of being implemented effectively to assure with high confidence 
the stability of the openings for the duration of the experiments. As 
regards the mechanics of the potential behavior of concern, the 
following items are noted: 

l. Lateral movement of the Si 1t in the "roof beam" is the 
predominant mechanism of cdncern. 

z. Sliding occurs along the clay seams since shear stresses are not 
effectively transfered from one side of a seam to the other. 

3. Fracturing occurs progressively with time in the roof area as a 
result of the strains that build up with time in the salt. The 
degree of fracturing is a function principally of the size of the 
opening, age of the opening, distance to interbeds, and specific 
location in the opening. 
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RESPONSE TO STATEMENT 4, CONT. Panel Member: Joe R. Tillerson 

4. Bolts are unlikely to affect the rate of deformation occuring in 
the rooms prior to the point at which the separation in the roof 
begins to accelerate. This has been shown in numerous published 
analyses completed in the last 15 years. 

4. Slippage of the anchors is not the likely mechanism for long
term degradation of the bolt performance. 

5. Little measured data are available on the mechanics of the 
performance of support systems in evaporite deposits. Observational 
data are often available that cl early confirm the acceptable 
performance of such systems or the need for modifications. 

Engineering and associated implementation of proposed enhancements 
shoulcf be able to be completed in most rooms in Panel 1 within 6-9 
months. If Room 1 were substantially modified, it would probably take 
longer since extensive bin-related cables are already installed. 

RECOMMENDATIONS: 

Assure that contingency planning and procedure development is 
complete related to such activities as where, when and how bins can 
be moved, geotechnical conditions under which bin removal would be 
initiated, and support system maintenance. Such planning must also 
establish how the experiments will be terminated (eg.cable or 
hardware removal requirements and should allow sufficient time for 
backfilling the rooms prior to conditions becoming unsafe. 

Initiate bin testing in Room 1 after only limited enhancements are 
added if the current schedule is maintained. 

As soon as practical after reconmendations are received from the 
expert panel, initiate the engineering and implementation of both 
categories of support system enhancements in other rooms in Panel 1 
or, if preferable, in other freshly-mined rooms. Support system 
enhanvements should be evaluated in both design studies and in 
detailed numerical modeling. Also, site-specific data on the 
performance of support system enhancements should be obtained. 
Strong consideration should be given to installing the enhancements 
in the most recently constructed rooms in the panel and in the 33' 
wide portions of the accessways. This would provide in a timely 
manner the needed space for safely conducting all the bin 
experiments for the entire potential duration. If necessary, bins 
initially emplaced in Room 1 could be moved to this area. 
Enhancements and associated data monitoring may also be desired in 
areas outside of Panel 1 to assure timely availability of data on 
the support system performance. 
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RESPONSE TO STATEMENT 4, CONT. Panel Member: Joe R. Tillerson 

Initiate contingency planning related to conducting the alcove 
experiments. This planning should consider advantages and 
disadvantages of conducting the experiments in an alternate 
location outside of Panel 1. This planning is needed since those 
experiments are likely to be delayed for several years and since 
those experiments would require use of the 33' wide accessways 
around the Panel 1 rooms for a significant period of time beyond 
that currently being considered by the expert panel. The planning 
should also define the maintenance required to keep the wide 
accessways open if the a 1 cove experiments are to be conducted 1 n 
Panel 1. 
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SIM'EMENl' 5 

'the gec:mechanj.cal mcnitcrin; pro;µ:am ard the rcutina obw:vatiais in Panel 
1, can provide sufficient waminq to a.llcw tha timaly retri..w.l=ot the 
waste frail tba Panel. 

l. In an emergency, all waste can be remaved tran the roan within a 
6 month perio:l. 

Factors to be !ft'r="d 

1. 'Iha adeqUacy ot the qeanechan.ical dataMse develqiad at tha WIPP 
pravi.dM an adequate msi.s to predict an:t provide early waminq ot 
dltariaratinJ cxniitiaw in lb:ID l. 

2. 'Iha adeqUacy ot the pr asent qeanechan.ical ilwt:rumantatim, 
install.Sin P.om 1 is adequate to provida early wamin;J ot 

_ datc'iaratinq ccniltiaw. 

3. 'Iha adeqUacy of the prq;iosed additiam.l qeanechan.ical 
instrumentatim to be installed in Rcall 1 to provide early warnin; 
of dateriaratirq c:adi.tions. 

4. 'Iha c:ritcia to determi.na ~ rall74l ot waste becaMs neoe-Mey. 

11 
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RESPONSE TO STATEMENT 5 Panel Member: Joe R. Tillerson 

Exce 11 ent data exist that document the behavior of the unbolted SPOV 
rooms that are the same size and spacing as those in Panel I. A portion 
of the roof in one of the SPDV rooms has failed about 8 years after 
construction. Data obtained in this room provided advanced warning of 
the roof stability concerns and clearly indicate that a "beam" of 
material failed in the roof after substantial vertical and lateral 
movement. This advanced warning of impending failure of a slab of rock 
had also been monitored in other underground measurements made in a 
heater experiment at WIPP. Because of the many similarities in size and 
spacing, the data from the SPDV rooms are the best source of information 
available upon which to estimate performance of the rooms in Panel 1. 

There is also little doubt that substantial advanced warning of 
impending roof stability concerns can be provided by an effective 
monitoring program. This warning should be sufficient to allow safe 
removal of bins from Room 1, if necessary. Some expansion of the 
current measurement program is necessary to assure confidence in the 
monitoring program. 

Additional regions of separation.and fracturing could be anticipated to 
occur in •beams• above the one seen in the SPOV rooms. Data from the 
rock monitoring activities indicate that such fracturing would likely 
occur much later and slower than that observed in the i11111ediate vicinity 
of the roof. Continued monitoring of the SPOV rooms, rooms in Panel 1, 
and other areas of the WIPP should determine the extent and rate of such 
phenomena. 

RECOMMENDATIONS: 

1. Add additional instrumentation and observations to the current 
monitoring program for Panel 1. This would include multipoint 
extensometers in the roof, rock bolt load evaluations made 
periodically in the panel, observation holes in the roof to 
evaluation the potential amount of lateral movement, and monitoring 
of the wall areas to determine the maintenance necessary for the 
hardware bolted to the ribs. 

2. Connit to long-term monitoring of the behavior of the SPOV 
rooms, particularly Room 4•that was bolted. 

3. In addition to expanded geotechnical evaluations made by site 
personnel, consortium usage should be considered relative to a 
program that seeks to understand and improve how support systems 
behave in evapor1tes. Potential areas of university contribution 
relate to statistical evaluations of existing data to assess 
confidence levels and accuracies implied for individual readings, 
assessments of how quickly accelerating behavior can be developed, 
data on various bolt and anchor system performance, and evaluations 
of load monitoring systems. 

12 
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RESPONSE TO STATEMENT 5, CONT. Panel Member: Joe R. fillerson 

4. Review the design of the cable systems and •hardware• attached 
to the ribs and wall to detennine if significant changes are needed 
to facilitate access for support system maintenance in rooms where 
such hardware have not yet been installed. 

5. As previously mentioned, complete contingency planning and 
procedure development related to bin movement and support system 
maintenance. 

13 
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'!he SlDDMry repcn:t ocntains: 

0 

0 

0 

An accurate recxl?d of the meetin:Js of the Geotechnical Panel on 
Panel 1 stability. 

memter. 

An ao::urate presentation of the consensus agreed to by the panel 
mprnbp..rs at the meeti.n:Js on the 23rd and 24th of April 1991. 

r !Date 
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statement 1 

An est.iJDate can be establishei for the period of time that Panel 1, in 
particular Roan 1 remains acx::essible oo a daily basis beyax:l July 1991. 
(Revisioo 1) 

'Ihe followin;J c:aSes should be considered: 

0 Limited maintenance withalt movin;J bins. 

o Extensive maintenance on an as required basis, with bins renx:>Ved 
frail roan, if necessaxy dur.in1 maintenance activities. 

Factor 1. 

'll'le geanec:banical datat>ase for the WIPP un:Jergra.n:l is extensive. It 
includes 8 years of instrumentatioo and otservatiCl'l data frail the Site 
am Preliminary Design Validaticn Test Rcans that is clirectly relevant 
for establish.in:J the performance of Panel 1. 

Factor 2. 

'll'le data indicates that the life of a roan in a panel depenjs on its 
positiat within the panel. In both the SPfN Test Roan Panel ani Panel 
1, the I'OCllB closest to the pillar protectin;J the access roadways have 
undergone the greatest defarmaticn. In the SPrN Panel, this is Test 
Roan 1 and in Panel 1, it is Roan 1. A ro:::k fall c:x:curred in SPfN 
Test Roan 1 after 8 years tut the other SIDI Test Roans are still 
stan::l.in;. I1: is anticipa.ta:l that a range of performance can also be 
expected fraa the roans in Panel 1. 

Since location within the panel is an inp:rtant det:enninin;J factor for 
roan stability, it shculd be taken into aCXlCAlnt in decicl:inq the best 
locatiat of the bin scale tests. 'llle followin;J ~of corrlitions 
are estimated for the panel: 

Factor 3. 

ESl'lMM'E OF RXM LIFE (YEARS) 

Roan 1 

8 
9. 

10 

7 
11 

Roan 4 

9 
11 
u 

8 
iroef inite 

NOl'E: Extensive renediaJ actiais will be needed to ensure an 
in:Jefinite life. 'Ihese may :in:lude a canbinatiat of repeated bolt:in; 
of the roof, removal of the rock in the roof, or the installation of a 
stJA)rt system within the roan in the form of steel sets or timt'P.r 
cril:s. 
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Factor 4. 

Level of un:ertainty associated with estimates cannot be determined 
quantitatively. HoweVer, the lD'lifam.ity of the geologic con:litions 
across the site, and the similarities in the gec:mechanical prq>erties, 
give a high level of ccnfidence that the SPl7J Test Roans do reflect 
the behavior that can be expected in the panel. 

Factor s. 

No respaise provided for this factor. 

Factor 6. 

other geotechni.cal data is nee%d to understarxi mere fully how the 
fractures behave am how the bolts are ~. IDprovement to our 
estimates of rcx:m life will cane as lOOl'8 data en actual perfarmance 
beo 11ies available. 



'!he rcckl:x:>lt system as o.n:rently caifigured, is sufficiently effective to 
ensure that the test pw;p:am in Panel 1, in partia.ll.ar Roan 1 c8n be 
carpleted. (Revisioo 1) 

r-:i RESPCNSE 
I 

I':· .. :. '.I 

:'•: 

Factor 1. 

'lbe requirement far daily aooess into the rcx:ms in Panel 1 ensures 
that the supp 1tt system JlllSt .be fully effective at all times. Since 
renedial measures inside the roan probably shcul.d be minimized durirq 
the bin scale tests, it is ~ that the supp at requirements in 
the rcx:ms .be re-examined prior to the start of tests. 

Factor 2. 

'lbe assnnptioo far the reek load arpears reasooable. HorNever, since 
questiais have been raised regardinq the thickened of the rock fall in 
SPrN Test Rccm 1, accurate dimensiais of the roof fall shculd be 
obtained and used as the basis far the design rock load. 

Factor 3. 

'lbe factor of safety for the boltin) based oo a triargular rock wedge 
with a maxinnn height of 7.5 feet is aln.tt ·1.7. 'lhe unkoowns with 
respect to the mechanism of SlJR)Qtt provided bf the anchorage (fixed 
or sli{::pin;J), the dimensioos of the rock wedge to .be ~at.eel, and 
the possible effects of lateral rock shifts oo the bolts indicate that 
a conservative ~ch to design shculd be adqJt:e::l. 

Factor 4. 

'lbe salt above Anhydrite "b'' will remain carpetent. '!he gecmechanical 
data, particularly the inclinaneter and ext:ensaneter data in:licate 
that the large JIDVBl1ents are primarily tak.:llq place within the 
ilTIDf!C)iate roof beam up to the Anhydrite "b" layer. 

Factor s. 

If anchor slippage is to be used as a design approach, then ll'm'f! 

technical data is needed to evaluate this perfonnance. Discussions 
with or. J. SOJtt indicate that the other rockbolt anchorage systems 
may provide :nw:re a:a1trolled anchcrage slip. 

Factor 6. 

'lhe bolts will SURJOtt the roof bf suspensioo. Bolts will .be subject 
to and1or slip, and bolt elcn;1atia1. Mr. J. Parker has~ that 
bolt shear shoo.ld .be considered. 



... 
'!he level of CCl'lf idence that can be placed in the estimate of the life for 
Panel l provided in the respcnse to statement l is in aocordanc8 with 
accepted mininq practises. (Revi.sicn O) 

RE.SR:NSE 

Factor l. 

A probabilistic basis for detemin.irq risk assessment is not rootinely 
awlied to undergrQln:l mininq due to the lack of an app:opriate 
database. Intormaticn is often c:xntidential to the minirg cmpanies 
and not readily shared, and in adcliticn, geologic infarmatioo is not 
always readily quantified. 

Factor 2. 

Geologic informatiai is often of a qualitative nature am not readily 
quantitied. 

Factor 3. 

'lbe database tor establisl'lin1 a probabilistic ~ to mine design 
is not available. 

Factor 4. 

No respa ise provided for this factor. 
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STA'.l'EMENl' 4 

z.biificaticns to the siw 11 t system in Panel 1 can be inplemented to 
ensure that access is maintained to the roam ai a daily basis Until the 
tests are cx:mpleted. (Revisiai O) 

RESPCNSE 

Factor 1. 

Tests may be started in Reem 1, Panel 1; however, mcdificatioos to the 
SURXItt system or the roan will be required in order to obtain a 
fUrther 5 years of life. '!he roan is 0Jrrel'1tly fiva years old, and 
its positiai within the panel as well as its age indicate that it will 
be the first to shew deterioratiai. 'lhe mcdificaticns far exten::lirq 
its life incl\Xie: 

a. slottin;J 
b. cable lacin;i 
c.._ reboltirq within 2 years with the provisiai to carry ait 

additiona.l boltirq, if necessary. 

U ~ 4 and 5 of Panel 1 are used far tests, less extensive 
mcdificaticns to the SURXJ1 t system or the roam may be required. 
'1bese roam are new aily 3 years old. 'lhe data frail 5PCN Test Panel 
indicates that they hava a life span ot at least 5 years frail March 
1991, bit wit:lDlt extensive renedial activities with routine 
maintenance. 

In additiai, other measures may be awz:c.priate includin;J: 

a. a redundant SUR>QZt system in the roan (roof trusses, cril:s, 
yieldirv;J steel suwcat, additiaial roof boltin:J) 

b. relief of the lateral stresses that are causirg the fracture 
develcpnent. 

Factor 2. 

Maintenance activities will be required in the roans in which the bin 
scale tests are carried cut. J\iooess to scale the roof and install 
additional bolts will be rffded as a min.im.lm. 

Factor 3. 

If~ 4 and 5 are used fci: the bin scale tests, additional sur.part 
can be installed before the instrumentatiai cables are attached to the 
roof • 



STATEMENT 5 

'lbe gecmec:hanical m'ti.torirq ptcqtam arr::l the rootine otservatioos in Panel 
1, can provide sufficient warniJY1 to allow the timely retrieval of the 
waste fran the Panel. . (Revisioo O) 

RESEONSE 

Factor 1. 

'!he geanechanical database at the WIPP has proven to be effective. It 
provided early detectiat of deteriaratirq oc:niiticrs in the SPrN Test 
Panel. 'Ibis deteriaraticm was first reported in May 1988 arr::l the roof 
fall did not occur in the roan until FebruaJ:y 1991. 

Factor 2. 

'!he gecmec:hanical instrumentatiai presently installed in the roans of 
Panel 1 wo.il.d provide early wamiD:J of deterioratirq ccnlitioos. 
However, a more oaxprehensive instrumentatiai shculd be i.Dplemented to 
ensure that oo cxn:U.ticrs are overlooked. 

Factor 3. 

'!he ptoposed gecmec:hanical instrumentatiai for the roans in whidl the 
bin scale tests will be carried a.rt: is shown in Figure 1. 

Factor 4. 

Criteria are currently in place to evaluate rOJtinely ( i.e. fNerf 2 
nart:hs) the perfarman:e of the drifts in the undergroond. 'Ihe 
criteria used to assess when aa:litiaial surveillance beo nes necessary 
are as follCY#S: 

o Measured c::onvergenoe rates that exceed predicted rates. 'Ihe 
predictioos are based ai an equatiai that is derived fraD a 
nc:l'll.i.near :regtessiat analysis Of selected c::onvergenoe data fraD 
the undergroond. 'Ibis ~c:h has established a relatioo.ship 
l:etween ocnvergenc:e rate, roan geanet::ry arr::l excavatiai age. 

o catvergerre rates that accelerate. 

0 Bed separatiai. 

o Oevel.opuent of rib fractures. 

'!he criteria used by Geotec:hnical Eh:jineer~ for the SPrN Test Ro::ms 
was to reo 1mend that acxess to the roans be restricted aice the rate 
alcn;J the center line of the drift reached 4. 5 inches per year an:l to 
reo 1•1•en:i the prchibitiai of all access are the ocnvergenc:e rate 
reached 6 inches per year. 
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'lbe followin;J criteria are prq;csed to detemine when removal of waste 
teo •1es necessary: 

. 
a. a roof /floor closure rate alcn;i the center line of ther roan of 6 

inches/year. 

i b. a fracbJre that exten:3s for a l~ of so feet continua.lsly 
alcn;J a rib/roof /interface. 

Factor 5. 

'lllere are difficulties in predict..il'J1 in a geologic enviralment. 
However, at the WIPP ccn:iiticns are very similar across the site, arxl 
the SPrN Test Reem data will very likely provide an acceptable 
predictiai of panel performance. 
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APPENDIX I II 

INSTRUMENTATION FOR ROOM 1, PANEL I 



:.1 I
., ... 
:1 

f 

I 

! 
l 

INSTRUMENTATION FOR ROOM 1, PANEL 1 

Existinq Instrumentation 

Borehole extensometer Two borehole extensometers are installed in each 
rib ot the room. The extensometers are installed horizontally at wall 
mid-heiqht in the pillar near the center of the room. The 
extensometers measure movements within the salt. 

convergence points Room closure is currently measured at room midspan 
at three locations alonq the room center line. 

Proposed Instrumentation 

sorehole extensometer Roof extensometers will be installed at three 
locations along the center line of the room. The purpose of these 
extensom~ters will be to monitor the possible development of bed 
separations at the clay seams below the anhydrite "a" and "b" layers. 

convergence points Additional converqence points will be installed to 
provide room converqance at a total of seven cross sections alonq the 
lenqth of the room. 

Observation bQreholes Observation boreholes will provide visual 
observation of fracture development within the immediate roof beam. 
These boreholes will be approximately 12 feet deep and will be 
inspected on a reqular basis. 
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PANEL 1, ROOM 1 
INSTRUMENTATION LAYOUT 

Key lo Instrumentation 

Existing: 
• Vertical RC Chord 

: ~ Horizontal RC Chord 

• Roof or Rib MPBX 

• Observation Borehole 

Planned: 
A Vertical RC Chord 

: ~Horizontal RC Chord 

o Roof or Rib MPBX 

o Observation Borehole 
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7:00a.m. 

8:15 a.m. 

9:00a.m. 

9:30a.m. 

10:00 a.m. 

10:30 a.m. 

11:30 a.m. 

12:30 p.m. 

1:00 p.m. 

3:30 p.m. 

4:00 p.m. 

4:30 p.m. 

BOOM 1. PANEL 1. SUPPLEMENTARY ROOF SUPPORT SYSTEM 

EXTERNAL DESIGN REVIEW 

Tuesday, September 17, 1991 
6:4Sa.m. 

Meet at Stevens Motel Lobby 
{1829 South Canal, Carlsbad, NM 88220) 

AGENDA 

Depart for site after visiting Greene Street Office (Subhash Sethi, Chris Chmura, and 
Hamish Miller to escort the panel members). 

Security check-in. 

Safety briefing for underground tour (Support BuDdlng, Project Manager's Information 
Center (PMIC) room). 

Introductions and welcome. 

WIPP overview presentation. 

Surface tour. 

Lunch (cafeteria). 

Prepare for underground tour. 

Underground tour. 

A. Experimental area. 
B. Storage area. 

Return to surface 

Wrap-up meeting (Support BuDdlng, PMIC room). 

Depart for Stevens Motel. 



a:OOa:m. 

8:30a.m. 

9:15 a.m. 

9:30a.m. 

10:00 a.m. 

10:45 a.m. 

11:00 a.m. 

12:00 p.m. 

1:00 p.m. 

2:30 p.m. 

2:45 p.m. 

4:45 p.m. 

8:00a.m. 

·~· 

ROOM 1. PANEL 1. SUPPLEMEN -TARY ROOF SUPPORT SYSTEM 

EXTERNAL DESlli .. N REVIEW 

Wednesday, September 18, 1991, through· Friday, September 20, 1991 
Motel Stevens 

(1829 South Canal, Carlsbad, NM 88220) 

We<Jnes<}ay. September 18. 1il1 

Presentation on Design Review Scope and Oeliverat Jles. 

Presentation on Geology and Rock Mechanics - Roy Cook. 

Break. 

Presentation on Design Requirements - Hamish MOier. 

Presentation on System Design and Installation • Chris Chmura. 

Break. 

Presentation on Monitoring ancflnstrumentation - Roy Cook. 

Additional presentations will be made, If required. 

Lunch. 

Panel discussions. 

Break. 

Panel discussions. 

Adjourn. 

Thursday. September 19. 1991 

Panel discussions continued. Westinghouse provides responses to resolve Issues 
raised by panel members. 

Finalize panel report and sign off. 

Friday. September 20. 1991 

8:00 a.m. · ·Panel meetings to continue, If required. 



• 
From Engineer~ 
WIN 887-8182 
Dare September 9, 1991 
SJ:JJ2Ct RCX:M 1 PANEL 1 SUPPLEMENrARY RIX>F SUProRl' SYSTEM - EXTERNAL DE.SIGN RE.VIIli 

91-05 

To T. w. Halverson 

ex::: F. G. Ashford, WID L. L. Reed, WID 
J. E. Atchenson, WID L. M. Rencehausen, WID 
H. L. Bibby, WID H. D. Ripley, WID 
T. P. Burrington, WID A. L. Trego, WID 
w. H. Caplirqer, WID 
K. M. Chmura, WID v. Daub, WPO 
R. F. Coak, WID J. E. Gilbert, WPO 
c. M. Cox, WID E. K. Hunter, WPO 
L. R. Fitch, WID B. L. Lilly, WPO 
J. J. Garcia, WID J. A. Mewh.i.nney, WPO 
J. P. Hale, WID R. L. Wise, WPO 
c. R. Kelley, WID 
T. F. Kocialski, WID S. A. Orrell, SNL 
J. M. Kowalski, WID T. M. Schultheis, SNL 
R. Kuginskie, WID 
B. S. K\.U'ltz, WID 
J. L. Lee, WID 
H. o. Miller, WID consultant 
F. Padilla, WID 
M. L. Petermann, WID 

'!he Design Verification Plan of August 19, 1991, (HA:91:5636} requires an 
External Design Review to be carpleted. '!he details of the EXternal 
Design Review (No. 91-05} are given below: 

l. 0 EXl'ERU\L DESIGN RE.VIEl-1 

1.1 SCDPE: 'lhe Scop! of this review will be to ensure that the roof 
sui:p:>rt system shall perform to its designed function 
per the requirements established in Design Spec. 0087. 



T. w. Halverson - 2 - September 9, 1991 

1.2 T'iPE OF Ym!FICAT!OO: 'lhis will be a Fonnal Design Review. 

1. 3 STAGE. OF vrnIFICATIOO: 'Ihis will be the Final Design Review by 
technically carpetent reviewers W'h.o are not 
a part of the WIPP Project. 

1.4 RE'ITIE'WERS: '!be External Design Review Panel shall include: 

Member 

Member 

Dr. Jahn Wilson 

Dr. Jahn Byrne 

Olai.rman I Mininq Er¥;Jineering I 
University of Missouri, Rolla 

Golder Associates, Inc. 
Rednorxl I WA. 

Mr. Tony Iannacchione U. S. ;Bureau of Mines, 
Pittsl::urgh Researd1 Center, PA 
(was member of WIPP Geotechnical 
Panel) 

Dr. Parvis M:>ttahed Head of Millin:; Technolc:x;y 

Mr. Gary Peterson 

Mr. Robert stahl 

canada Center for Mineral & Fnergy 
Technolc:x;y, 
Elliot lake, canada 
(was member of WIPP Geotechnical 
Panel) 

Er¥;Jineering Manager I 
cayuga Rock salt Mine, 
cargill Salt 

MSHA Safety & Health Technical Center, 
Denver, co 

Mr. M. R. Brown, Manager, Speci~l Projects, WID Er¥;Jineering, will act as the 
Secretaiy for Design Review Panel. His role is to suwart the chairman in the 
performance and documentation of the Design Review, including recording Design 
Review minutes and documenting action items, and assisting the Olai.rman in 
preparing the Design Review Report. 



T. W. Halverson - 3 - September 9, 1991 

1.5 DATE MID PIACE OF RE.VIEW MEEI'I@; 'l\lesday, Sept. 17, 1991 -

s. c. Sethi, Manager 
Mine ~ineerID; 

tw 

HA;91:5657 

WIPP site an:l urrlergroon:l visit 

Wednesday, Sept. 18 through 
Friday, Sept. 20, 1991 -
Design Presentation an:l Design 
Review, at M::>tel stevens, 
carlsbad, NM (887-2851). 

cx::>Na.JRRENCE; 

T. w. Halverson, Manager 
~ineerID; 



RXM 1, PANEL 1 SUPPLEMENrARY Jn)F SUProRl' SYSTEM 

EXTmNAL DESIGN REVI&l PANEL 

Dr. John Byrne specializes in geotechnical e,n;Jineerirq. He has over 16 
years of experience in the civil, mining and waste disposal in:lustries. 
Dr. Byrne's technical and managerial experience is broadly based and 
inclu:ies projects involvirq rock e,n;Jineerirq (hydro, p..mped storage and 
ccrrpressed air storage caverns; nuclear waste disposal facilities; 
tunnels; mine openin:r.;; rock slqles}, soils e,n;Jineerirq (f~tions, 
taili..n;s dams, water supply dams, tunnels, soil slqles, leadl heaps, 
hazardous and municipal lardfills, dynamic analysis), and off-shore 
en:Jineerin;J (oil platfom f~tions). 

Mr. Tony Iannacdlione is the supervisor of the Rock Mechanics Group at the 
U.S. Bureau of Mine, Pittsb.lrgh Research Center. He has con:ructed 
research on mining related problems for over 16 years and is the author of 
over 35 technical papers on the subject. CUrrently, he is responsible for 
managin;J research projects concerned with the design and reinforcement of 
pillars, rock mass characterization, rcx:k bJrst control, inine-wide 
monitorin;J, and rockfill characterization. He has also had considerable 
experience evaluatin;J gas ootbJrsts within I.a.tisiana and New Mexico salt 
and potash mines. Mr. Iannacchione served on the panel of geotechnical 
experts convened by Westin;#loose and Department of Energy in April 1991 to 
evaluate the effective life of un::lergrourxi roans in Panel 1 of the waste 
storage area. 

Dr. Parviz Mottahed is the head of the Mi.nin;J Technology Section at the 
canada Center for Mineral and Energy Technology, based in Elliot lake, 
canada. Previously, he was the head of the Farth Sciences and ~ 
Department for the Potash Corp::>ration of Saskatchewan, where he provided 
technical services in the fields of rock mechanics, geology, and 
geophysics to fair potash mines. He has published over twenty papers in 
the fields of rcx:k mechanics and mine design in potash and gypsum rcx:ks. 
Dr. Mottahed was a rrember of the panel of geotechnical experts convened by 
Westin#loose and Department of Energy in April 1991 to evaluate the 
effective life of the un::lergrourxi roan.s in Panel 1 of the waste storage 
area. 

Mr. Gary Peterson received a Bachelor of Science degree fran Midligan 
Technological University in 1975. He has 'WOrked for 16 years at the 
cayuga Rock Salt Mine for cargill Salt. He developed a successful 
yieldirg pillar design at a mining depth of 2300 feet. 

Dr. John Wilson is currently the chainnan of the~ ED;Jineerirq at the 
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1.0 EXECUTIVE SUMMARY 
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WIPP is designed to provide a full-scale facility to demonstrate the technical and 
operational principles for permanent isolation of defense-generated transuranic waste. It 
is also designed to provide a facility in which studies and experiments can be conducted. 

Dry Bin-Scale Tests are being planned as a portion of the WIPP Test Phase Performance 
Assessment Program described in the WIPP Test Phase Plan: Performance Assessment 

. ~ 1990 b). These Tests are anticipated to be conducted for a period of up to seven 
years. Room 1 of Panel 1 of the Underground Storage Area is to be used as the location of 
the Bin Scale Tests to investigate the generation of gas from the waste that is proposed to 
be stored at the WIPP in the near future. 

The original design for the waste storage rooms in Panel 1 provided for a limited period of 
time during which to mine the openings and to emplace waste. Room 1 was scheduled to be 
filled in fewer than five years before being sealed. Initially mined to rough dimensions in 
1986, Room 1 was later mined to finished dimensions in 1988. Information obtained from the 
Site and Preliminary Design Validation (SPDV) program indicates that the rooms in Panel 1 
should remain stable without ground support and that creep closure would not adversely 
affect equipment clearances during at least five years following excavation. 

The demonstration phase was later deferred and an experimental program including Bin Scale 
Tests was added for Panel 1. Delays in the test schedule have revised the date for first 
waste receipt. Therefore, based on the timing and scope of the test phase, an additional 
seven years of useful life may be required to complete the tests in Room 1, Panel 1. 

To assess the long term stability of Panel 1, a panel of geotechnical experts was convened 
in April, 1991. The final report of the panel was issued on June 5, 1991. The panel agreed 
that the WIPP geotechnical monitoring program as used in the SPDV Test Rooms is adequate to 
provide earty warning of deteriorating conditions in Panel 1. The panel reviewed the design 
and stability of the rooms in Panel 1 and concluded that these rooms could be expected to 
provide a useful life of at least seven years from the time of excavation (up to 11 years 
with a decreasing level of confidence) with routine maintenance (DOE, 1991). However, the 
panel also agreed that ground support measures could be used that would allow the Bin Scale 
Tests to be carried to completion. The test period as currently defined is up to seven 
years, thus requiring a room life of up to 12 years from when the room was mined. The 
following options or their combinations recommended by the Expert Panel have been evaluated 
to extend the life of Room 1 of Panel 1 and to provide added confidence in its ability to 
support the test program: 

o Relying on the currently installed rock bolt system and upgrading, if necessary, 
based on the results of the geomechanical monitoring program. 

o A ground support system using resin anchored rock bolts. 

o lntertaced grout anchored wire cables and wire mesh to control rock falls. 

o Cutting slots in the back and/or floor to relieve the lateral stresses. 
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o Yielding suppprt system such as timber cribs or steel yielding supports. 

o Roof truss system. 

o Mine new rooms. 
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In order to extend the life of Room 1, Panel 1, a ground support system needs to consider 
the past history of Room 1, the on-going deformations in the room, and the potential roof 
failure mode. Also, the support system must be designed to accommodate the bins and test 
equipment, including forklift access for bin installation and subsequent monitoring 
activities. 

To be acceptable, the ground support system must: 

o Be capable of fully supporting the anticipated roof wedge such as that produced in 
SPDVRoom 1. 

o Be capable of yielding in a manner which would accommodate the future closure and 
deformation of the roof rock. 

o Accommodate the bin scale equipment, including forklifts and ancUlary equipment. 

o Extend the life of Room 1 to allow completion of the experiments, for an additional 
period of up to seven years (from July 1991). 

The initial roof support concept developed for Room 1 of Panel 1 involved timber "crib sets" 
with interconnected steel beams. After further analysis, timber crib supports were 
abandoned in favor of yieldable roof supports which would provide more uniform roof 
support. These supports consisted of resin anchored steel rock bolts and steel cross beams, 
with yielding steel columns as commonly used in the coal mining industry. More importantly, 
the rock bolts could be continuously monitored using load cells and adjusted to accommodate 
further room creep. 

As the design process proceeded, It became clear that the majority of the load would be 
carried by the rock bolts. The yielding columns were therefore eliminated. The steel beam 
was modified from an initial I beam configuration to an inverted channel, thus eliminating 
the complex attachment plate structure needed for the I beam. 

The final roof support design contained in this document consists of 8.23m (27 feet) long 15 
x 40 steel channel support sets install&d laterally across Room 1 on 2.44m (8 feet) to 3.0Sm 
(1 O foot) centers. Each channel set is divided into three nine foot long segments which are 
bolted together In place using connecting plates. Each support set is secured by eleven 
3.96m (13 feet) long Dywidag steel tendons (anchor bolts) that are resin anchored in 
relatively stable ground above the Anhydrite "b" clay horizon. The channel support anchor 
bolts are designed so that their loads can be monitored and adjusted to accommodate 
continuing roof deformation. To allow for differential lateral deformations, each tendon is 
located in an oversized .076m (3 inch) diameter hole which extends from the hole collar to 
the Anhydrite "b" clay horizon. 
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The area between the channel support sets is covered by a network of steel wire lacing 
cables underneath a mat of steel welded wire mesh and expanded metal. This mat is held in 
place by the channel support sections. Its function is to contain loose rock in between the 
channel support sets. 

Chainlink wire mesh pinned to the ribs (sidewalls), is provided to contain any minor 
spalling down to approximately 2. 13m (7 feet) above the floor. 

A conservative approach has been used throughout the design process. Areas where this has 
been done include the following: 

o A minimum . 76m (3 foot) grouted bolt length has been used where tests have shown 1 e 
inches to be sufficient 

o The manufacturer's minimum yield load has been used for bolt design - tests give 
results 22-28% higher. 

o The support effect of the existing 3.04m (1 O feet) mechanically anchored rockbolts 
and the meshing and lacing has been disregarded. 

o The wedge-shaped salt beam has inherent strength which has been disregarded. 

As designed, the supplementary roof support system incorporates the four acceptance criteria 
stated above as well as five out of the seven EXpert Panel recommendations. The support 
system can also be installed concurrently with bin operations. Figure 1.0-1 provides an 
isometric view of the support system for Room 1, Panel 1. 

The geomechanical monitoring system represents an integral part of the roof support system 
design. The monitoring system is designed to monitor loads on each rock bolt, measure 
continuing creep and deformation in and around the room, identify stress loads on the rock 
and deflections of the steel channel supports. 

The monitoring system allows for adjustment of loads in the rock bolts to accommodate room 
creep and to provide earty indication of any unusual closure activity. 

The test bins, within the standard waste boxes, are stacked two high along the ribs of the 
test room. The spacing Is sufficient to allow personnel access between the bins for ground 
support installation, inspection, and routine ground control maintenance tasks. 

In addition to the monitoring program,. a testing program was implemented to confirm the 
validity of rock anchor calculations and installation procedures. The testing program 
included destructive testing of rock anchors and a mock-up installation of a portion of the 
entire system. 

The WIPP Is committed to safely providing long term roof support 
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2.0 INTROQUCTION 
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WIPP is designed to provide a full-scale facility to demonstrate the technical and 
operational principles for permanent isolation of defense-generated transuranic waste. It 
is also designed to provide a facility in which studies and experiments can be conducted. 

Bin Scale Tests are' being planned as part of the WIPP Test Phase Performance Assessment 
·Program described in the WIPP Test Phase Plan: Performance Assessment (QQE 1990 b). These 
Tests are anticipated to be conducted over a period of up to seven years. 

Room 1 of Panel 1 of the Underground Storage Area is to be used as the location of the 
Bin-Scale Tests to investigate the generation of gas from the waste that is proposed to be 
stored at the WIPP in the near future. 

The original design for the waste storage rooms In Panel 1 provided for a limited period of 
time during which to mine the openings and to emplace waste. Room 1 was Initially mined to 
rough dimensions in 1986. Information obtained from the Site and Preliminary Design 
Validation (SPOV) program showed that the rooms would remain stable without ground support 
and that creep closure would not adversely affect equipment clearances during at least ~e 
years following excavation. 

The demonstration phase was later deferred and an experimental program including Bin Scale 
Tests was added for Panel 1. Delays In the test schedule have revised the date for first 
waste receipt Therefore, based on the timing and scope of the test phase, up to seven 
years of useful life are required to complete the tests in Room 1, Panel 1. This document 
presents the design for a supplementary roof support system for Room 1 of Panel 1 of the 
Underground Storage Area. System design and its implementation process is presented in 
Figure 2.0-1. 
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3.0 DESIGN REQUIREMENTS 

3. 1 DESIGN CRITERIA/CONSIDERATIONS 

The support system must be designed to accommodate the following criteria: 
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1) Provide a suitable supplementary roof support system to ensure that the Bin 
Scale Tests conducted in Room 1, Panel 1, of the Underground Storage Area 
will not be interrupted during the seven year period starting July 1991. 

2) The basic design parameters are determined by geotechnical considerations 
such as the age of Room 1, existing and future ground deformations in and 
around Room 1, and the prevaUing stratigraphy and stress conditions. 

3) The support system takes cognizance of the recommendations of the 
Geotechnical Expert Panel. 

4) The support system takes cognizance of Design Spec. No. 0-0087. 

3.2 DESIGN SPECIFICATIONS 

Design specifications are contained in Document entitled ·oesign Spec., No. 0-0087, 
Supplementary Roof Support for Room 1 of Panel 1. • 

3.3 DESIGN BASES 

The Supplementary Roof Support System for Panel 1, Room 1, is a yieldable type 
support that consists of evenly spaced sets of 15 x 40 inverted steel channel 
sections supported by eleven rock anchors. 

The design for the Supplementary Roof Support System for Room 1, Panel 1, is based on 
the following: 

3.3. 1 GENERAL 

o The support system is able to be installed concurrently with bin 
operations. 

o Safe access is provided for a minimum of seven years from July 1991. 

o A minimum access height of 3.45m (11 feet. 4 inches), is provided after 
seven years. 

o Support lnstallatlon procedures take into account working within RMA 
boundaries. 
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o Corrosion is a non-impactive factor for the duration of the system 
installation, based on experience gained at the WIPP and in the potash 
basin mines. 

o Because of accessibility limitations and AMA requirements during the 
testing program, only the center portion of Room 1 located between the 
ventilation bulkheads has been considered in this supplementary roof 
support design. Roof control for the remainder of the room will be 
addressed elsewhere at a later date. 

3.3.2 ROCK MECHANICS 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

The zone of rock between Anhydrite "b" and Anhydrite ·a· is sufficiently 
stable to provide a good anchoring base for the support system rock 
anchors. 

Horizontal and vertical virgin stresses are equal at the repository 
horizon of 655m (2, 150 feet). 

The geology and stratigraphy at Room 1, Panel 1, are similar to those in 
the SPOV Test Room area. 

Observations and measurements from the SPOV Test Rooms will be used as 
the bases for describing the deformation mechanisms occurring in Room 1, 
Panel 1. 

Creep deformations arise from differential stresses created as a result 
of excavating an opening of the given shape. 

Low-angle shear fractures will occur in the immediate roof rock, and 
once these have formed, roof movements into the excavation are 
increasingly associated with gravity rather than salt creep. 

The supplementary support system accommodates past and future room 
deformations. 

The roof fafture mode is that of a detaching wedge, triangular in 
section, 1 Om (33 leet) wide and 2.13m (7 feet) high at the center. 

The density of the immeqiate roof rock above Room 1, Panel 1, is 2, 160 
kg/m3 (135 pound per foot") for all calculations. 

The rock anchor holes have a 7.6mm (3 inch) reamed-out section below the 
grouted portion that will be sufficient to prevent shearing of the 
tendons that may arise from differential lateral deformations that might 
take place in the roof rock. 

The roof expansion between the anchor horizon and hole collar is assumed 
to be 38mm (1.5 inch) per year. 
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o The maximum lateral differential deformation below Anhydrite "b" is 
assumed to be 12mm {0.5 inch). 

3.3.3 SYSTEM DESIGN 

o The system of rock anchors consist of resin grouted rock anchors, grade 
60 steel, anchored above Anhydrite "b" horizon. 

o Minimum resin bond length between anchor and salt is 0.91 m {3 feet). 

o The steel channel set assembly would act as a surface plate system that: 

is capable of accommodating the design load 

is capable of accommodating monitoring devices that would allow 
continuous monitoring of bolt load 

allows detensioning of anchor loads as and when required 

assists in distributing the load between bolts 

is capable of supporting the lacing and meshing. 

o Each rock bolt anchor extends downwards through the channel section 
plate for a distance of 18 inches to provide for a downward adjustment 
life of seven years. This accommodates the expected 38mm {1.5 inches) 
per year of roof expansion as well as the bearing plates and load cell 
assembly. If required, couplings will provide for additional 
adjustment 

o Rock spalllng in between sets is controlled by a system of wire mesh and 
lacing. 

o Floor maintenance will be carried out as and when required. 

o The transverse 16 mm (5/8 inch) diameter wire lacing ropes will be 
adjustable. 

o Rib spalling that may occur is contained by a wire mesh system that 
extends down to a height of approximately 2.1 m (7 feet) above the floor. 

o No stabDity problems are expected from fracturing of the ribs, based on 
experience gained at the WIPP since the opening of the project. 

3.3.4 INSTALLATION AND MAINTENANCE 

o The bolt loads are readjusted when the load on a bolt reaches 1. 1 times 
the design load. 
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o Existing 3.04m (10 foot) rockbolts may be removed in order to facilitate 
installation of the supplemental rockbolt supports. 

o Existing instrumentation fixtures, installed cables, and piping will be 
relocated to the sides of the room to avoid damage during system 
installation and maintenance. 

o Rock anchor holes will be drilled vertically with a tolerance of ..:t 2 
degrees measured in such a way that the ends of the holes will not be 
closer than O.Sm (20 inches). 

o Drilling tolerance for the depth of the hole is..:t 25mm (1 inch). 

3.3.5 TESTING AND MONITORING 

o A complete full-scale mock-up test will be carried out in Room 2. This 
will have at least five channel sets. 

o Quality control and creep tests wUI be carried out on each bolt. The 
test load will be taken to 1.33 times the maximum design load. 

o The monitored data from Room 1 will be evaluated on an ongoing basis. 

o The design loads for the rockbolts and associated anchoring system have 
been confirmed by the destructive tests that have been conducted. 

o The geomechanical monitoring system is designed as an integral part of 
the support system and will: 

monitor the load on every rockbolt 

measure ongoing creep and deformation 

allow an assessment of the length of room life that might be 
obtained beyond seven years. 
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4.0 SYSTEM DESIGN 

4.1. GEOLOGY AND ROCK MECHANICS 

4.1.1 ROCK MECHANICS 

DRAFT 
09/10/91 

Much of the understanding regarding the performance of excavations in salt 
at the WIPP has been gained from observations taken in the Site and 
Preliminary Design Validation (SPOV) Test Rooms. The case study presented 
by the roof fall in SPOV Test Room 1, together with numerical modelling 
results, provides the information for defining the size and shape of the 
rock wedge that must be supported by roof support system. This is assumed 
to have a triangular cross-section as shown in Figure 4.0-1. 

The virgin in-situ stresses are one of the basic determining factors 
governing the rate of deformation in and around the mined opening. 

The initial stress state at the repository horizon is established from Heims 
Rule for weak rocks (Hoek and Brown, 1980). This rule establishes the 
vertical stress as dependent on the depth of overburden and its average 
density, and the horizontal stresses to be equal to the vertical stress. 
Takin~ the average den!j,ity for the overburden at the WIPP site as 2130 
kg/m (144 pound/too~). the inltiaJ stresses at the repository horizon 
are about 2000 psi. 

When a room is excavated in salt, the local v1rg1n in-situ stress field is 
disturbed. The immediate initiaJ response of the rock is to set up stress 
as if it were in an elastic rock, the so-called "time zero· response. 
Differential stresses are created around the excavation and it is these 
stress differences that drive the subsequent creep deformations that result 
in closure of the room. 

With time, the stresses close to the excavation are relieved by creep of the 
salt into the excavation. Shear stresses develop at the strata interfaces 
due to the differences in the mechanical properties of the different rock 
types and lead to slippage at these contacts and eventually to bed 
separation. The presence of these strata interfaces further leads to the 
concentration of l~teral stresses in the roof and floor beams leading 
ultimately to the development of low angle shear fractures. Once the shear 
fractures have developed, roof movements in an excavation are increasingly 
associated more with gravity effects than with salt creep. At this stage 
there are two processes at work in the strata above the excavation. These 
are: 

o Creep of the salt - Salt creep is still occurring in the 
competent salt above the rock wedge and above the ribs. 

o Kinematic movement of the immediate rock due to gravity - The 
rock wedge, if it is unsupported, will move down under its own 
weight. Figure 4.0-1. 
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Inclinometer measurements, in vertical and horizontal boreholes, give the 
horizontal and vertical deflections of these boreholes in the rooms roof 
and ribs respectively. The effect of the 2.13m (7 foot) clay seam can 
clearly be seen as a large relative horizontal difference in the movement of 
the salt immediately below the clay seam. 

Extensometers located in the roof, ribs and floor measure the extensions at 
different distances along the lengths of their boreholes. Closure meters 
measure the closure of the rooms, either between roof and floor or rib to 
rib. A composite picture of how the rock is deforming and moving into the 
excavated room is obtained when inclinometer, extensometer, and closure 
measurements are put together. The Expert Panel unanimously agreed that the 
mechanism of deformation at Room 1, Panel 1 would be very similar to that 
experienced at the SPOV Test Rooms. For further detailed discussion and 
information on Geology and Rock Mechanics at WIPP, refer to Appendix A. 

4.1.2 STRATIGRAPHY 

The proposed underground storage facility is located 655m (2, 150 feet) below 
the surface in bedded salt of the Permian Salado Formation. This formation 
consists primarily of halite, argillaceous halite, minor anhydrite, and 
minor polyhalitic units. Over 365m (1,200 feet) of impermeable evaporitic 
deposits separate the facility horizon from the first overlying sedimentary 
rocks and 620m (2.034 feet) of evaporites lie below the facility horizon and 
provide a barrier to Permian limestones and sandstones. Figure 4.0-3. 

The facility horizon lies within a 12m (39.4 feet) thick unit consisting of 
halite, argillaceous halite, and polyhalitic halite (Figure 4.0-4). A thin. 
0.3m (.98 feet) to a.Sm (1.64 feet) thick layer consisting of anhydrite and 
polyhalite, and identified as Marker Bed 139 lies about 1.Sm (4.92 feet) 
below the floor level. Anhydrite beds Qess than 10mm (.03 feet) thick), 
called anhydrite ·a· and "b" occur about 4m (13.12 feet) and 2m (6.56 feet) 
above the roof. Thin clay seams called aay G and Clay H are associated 
with the bottom of these beds. In addition, an intermittent thin clay layer 
identified as aay F is found in the immediate roof of excavations. 

The anhydrite and clay layers have a significant impact on the mechanical 
performance of excavations. The clay layers provide interfaces along which 
slip can occur whereas the thick layers can provide a stiff anhydrite band 
within the strata sequence that does not deform plastically with time. For 
further detailed discussion and information on Geology at the WIPP, refer to 
Appendix A. 

4.1.3 VERTICAL MOVEMENTS 

The vertical movement that the roof support must accommodate are a 
combination of salt creep, dilation of the salt due to fracture development, 
and gravity effects once fractures have formed. 
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The total roof expansion that has to be accommodated has been taken as 38mm 
(1.s inches) per year at midspan. 

4.1.4 LATERAL MOVEMENTS 

Lateral displacements occur at strata interfaces and within the immediate 
roof beam where discrete fractures have formed. These lateral differential 
displacements have been observed up to 15m (50 feet) into the roof at strata 
changes particular1y the clay/salt contacts. The largest shifts are found 
at the clay/salt contact below the Anhydrite ·b· layer. Lateral shifts can 
also be expected within the immediate roof beam where fractures form. The 
support system has been designed to accommodate a lateral shift of 12mm (.5 
inch) per year and bed separation of 25mm (1 inch) per year at the clay/salt 
contact below the Anhydrite ·b· layer once the bond at the interface is 
disrupted. 

4.1.5 ANCHOR HORIZON 

The zone in which rock anchors were to be installed had to satisfy three 
main criteria: 

o It had to be relatively stable, in that the creep deformations occurring 
in it should be low. 

o The effect of installing anchors in it should not induce loading 
conditions that would increase the creep deformations significantly or 
reduce the overall strata stability at that horizon. 

o Penetration of roof stratigraphy should be kept to a minimum. 

The reasons for going into the zone above Anhydrite •b• can be summarized as 
follows: 

o Rock mechanics data from extensometers, inclinometers and borehole 
surveys have shown that the zone above Anhydrite •b• is relatively 
stable. This was in part due to the fact that the well-defined clay 
seam associated with Anhydrite •b• served to concentrate differential 
stresses in the immediate roof rock below Anhydrite •b•. The reason for 
this phenomenon arose from the inability of the clay seam to sustain 
shear stress. • 

o Large numbers of 3.04 m (1 o feet) mechanically anchored rock bolts had 
been installed at a fair1y precisely defined horizon, some .91 m (3 feet) 
above Anhydrite ·b·. After more than two years of installation, during 
which time the rock bolts were known to have developed load, there was 
no evidence from rock mechanics measurements of roof strata deformations 
that this concentration of anchoring load was causing any separation to 
occur. 

o Sandia have a requirement that Anhydrite •a• should not be penetrated if 
this can be avoided. 
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o No separation has been observed to date across the Anhydrite •a• layer. 

o The difficulties involved in drilling, reaming, and installing the grout 
anchored rockbolts increase rapidly with depth. In order to meet the 
required design requirements with a high degree of confidence the anchor 
horizon chosen is that above Anhydrite "b". 

4.2 CONCEPTUAL DESIGN 

Room 1 of Panel 1 is currently five years old and must remain accessible for an 
additional seven years in order to support the Bin Scale Testing program without 
interruption. In order to extend the life of Room 1, a supplementary roof support 
system has been developed to minimize the possibUity of any roof fall during 
testing. 

On February 4, 1991, a substantial section of roof fell in Room 1 of the SPDV area. 
Geotechanical instrumentation had indicated accelerated room closure rates for some 
time, and the roof fall had been anticipated for several months. At that time, the 
room had been open for almost eight years. The four SPOV rooms had been mined to 
exactly the same dimensions as the waste storage (and disposal) rooms 91.4m (300 
feet) long, 10.0Sm (33 feet) wide, 3.96m (13 feet) high in Panel 1, in order to 
simulate, monitor, and study their behavior in response to lithostatic (overburden) 
pressure over time. No ground support, such as rock bolts, had been installed. 

In response to the roof fall in SPDV Room 1 and to assess the long-term stability of 
Panel 1, Westinghouse convened a panel of geotechnical experts in April 1991. The 
final report of this panel was released on June 5, 1991. The expert panel agreed 
that the WIPP geotechnical monitoring program as used in the SPDV Test Rooms is an 
adequate tool for giving early warning of deteriorating conditions in Panel 1. Based 
on collected geotechnical monitoring data, panel members concluded that the rooms in 
the panel are likely to have a total life of seven to eleven years from the time of 
excavation using the currently installed roof support system, consisting of 3.04m (10 
feet) long mechanically anchored rock bolts. Mining of Room 1, Panel 1, began during 
the second half of 1986. Therefore, as of July 1991, the remaining life of Room 1 is 
anticipated to be between two and six years. However, the panel agreed that measures 
could be taken in Panel 1 that would give a reasonable assurance that the Bin Scale 
Tests could be carried out to completion. In order to carry out the Bin Scale Tests, 
a solution to the support problem had to be found to extend the required life of 
Panel 1 for up to seven years. The expert panel suggested alternative actions which 
included use of the following: 

o The use of full column resin or resin anchor bolts; 

o Grout anchored cable with lacing and wire mesh; 

o Slotting and/or relief entries; 

o Yielding support; 

o Rely on currently installed support and upgrade when necessary; 



o . Roof trusses: 

o Mining new rooms. 

DRAFT 
09/10/91 

They also indicated that the measures should be augmented by a monitoring program 
that would regular1y assess the geomechanical conditions and that maintenance should 
be carried out as a routine activity in the rooms as they aged. 

The WIPP project has evaluated the support systems suggested by the Geotechnical 
Expert Panel. · 

The initial evaluations looked at support systems (wooden cribs, wooden cribs with 
steel beams) that could be installed within the room and would provide a passive 
support as the rock deforms into the room. These systems were eventually abandoned 
because they interfered with the functional use of the room largely as a result of 
the physical size of the supports. They limited the number of bins that could be 
placed in the rooms and more importantly, the support could not be placed where it 
was most needed (I.e., midspan where the largest loads are developing) without 
eliminating equipment access to the bin locations. 

Another form, a yielding support system, was then considered. This eliminated any 
need for bin removal and provided a more uniform support of the roof strata. The 
yielding system consisted of deep grout anchored rock bolts supporting a steel cross 
beam with supplemental support being provided by yielding steel columns. The beam 
anchor bolts were designed so that their loads could be continually monitored and 
adjusted to accommodate room deformation by lowering the beam. As the design process 
became more detailed, it became clear that the major share of the load was carried by 
the beam support bolts; the yielding columns were in fact unnecessary and were 
therefore eliminated from the design. The beam itself was also modified from an 
initial I-beam to a more structurally convenient inverted channel section. This 
eliminated complex attachment plate structures needed for the I-beam suspension 
system. Any roof rock spalling between the steel sets is contained by a network of 
steel wire rope lacing underneath a mat of steel meshing and expanded metal. 

As designed, roof support for Room 1, Panel 1, is providing the following: 

o Progressive support of the detaching triangular wedge of roof rock as it 
develops. 

o Containment of the detathing wedge of roof rock and safe control of the rate at 
which the detaching section moves downward based on the creep rate produced by 
the roof strata above. 

o Accommodation of lateral movements in the roof strata above. 

Throughout the design process, a conservative approach was used wherever possible. 
The design is largely based on the room deformations and subsequent roof fall that 
took place in SPOV Test Room 1, which is seen as a worst case scenario. Previous 
resin grout anchor tests have shown that an eighteen inch bond length of grout would 
be sufficient, whereas a minimum .91 m (3 feet) bond length is used in this design. 
The rock bolt design is based on the manufacturer's minimum yield strength of 
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209,000N (47.4 kips), whereas the destructive tests carried out in Room 2, Panel 2 
gave actual minimum yield strengths 22% to 26% higher. A continuous channel section 
beam is used· where individual plates would have been sufficient. Very little support 
capability has been assigned to the meshing and lacing, whereas it is certain that 
this will be capable of a considerable load carrying capacity. No strength has been 
assigned to the wedge-shaped rock salt beam formed as a result of roof fracture 
formation. It will have an inherent strength, this effect being enhanced by the 
existing 3.04m (10 foot) mechanically anchored rockbolts as well as the steel meshing 
and lacing. The existing system of 3.04m (10 foot) mechanically anchored rockbolts, 
installed on a 1.2m (4 foot) by 1.Sm (5 foot) spacing have considerable load bearing 
capability which has been disregarded in the design. 

The net effect of all the above factors when added together means that the design is 
very conservative, thus reducing the risk of potential failures. 

4.3 DESIGN DESCRIPTION 

The yielding roof support system for Room 1 of Panel 1 is designed to contain and support 
the detaching load while allowing it to be lowered. The system is not designed in any way 
to prevent the creep of rock into the room. The roof support consists of 27 steel channel 
support sets installed laterally across the room on 2.37m (7.8 feet) to 3.04m (10 foot) 
centers. The actual location of the channel sets wUI be determined in the field during 
their installation based on the location of the existing roof bolts which are installed on a 
1.2m (4 foot) by 1.5m (5 foot) pattern. This is to minimize interference with the existing 
roof bolts. 

Each support set is secured by 11 Dwyidag steel tendons (anchor bolts) that are 4.0m (13 
feet) long. The resin grouted anchor bolts are anchored in between the Anhydrite ·a· and 
the Anhydrite "b" horizons. The channel support anchor bolts are designed so the load of 
each bolt can be monitored and adjusted to accommodate continuous roof deformation. System 
adjustment is accomplished by keeping the tension on each anchor bolt within the design 
limits which are calculated to support the detaching load. Once the tension in the anchor 
bolt reaches the design limits, the bolt load Is then relieved. Each anchor bolt extends 
.46m (18 inches) below the roof to accommodate downward movement of the roof due to creep. 
Roof strata extension measurements have shown that the anchor bolts will have to accommodate 
approximately 38mm (1.5 inches) of movement per year. To allow for differences in lateral 
deformations, each tendon is located in an oversized .08m (3 inch) diameter hole extending 
from the hole collar to the Anhydrite "b" clay horizon. 

The roof area between the channel sets is covered by a network of steel wire lacing cables 
underneath a mat of steel wire mesh and expanded metal. This mat is held in place by the 
channel support sets. Its function is to contain any rock spalling in between the channel 
support sets. 

4.3.1 STEEL CHANNELS 

Each roof support set consists of a structuraJ steel channel placed with the web flat 
against the roof, running across the room (rib to rib) and 11 rock anchor bolts. The 
set is designed to accommodate the triangularty distributed wedge load, which has a 
weight of 8,000N (1,800 pounds) per foot near the ribs and 45,150N (10,150 pounds) 
per foot in the middle of the room. Eleven rock anchor bolts are required to support 
the channel. 
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The support channel is a 15 x 40 channel section 8.2m (27 feet) long. Each channel 
sat consists of three 2. 7m (9 foot) long sections connected together with four .19m 
(7.5 inch) by .oam (3 inch) splice plates. Two of these splice plates are welded to 
each end of the section center. The other channel is then connected by a .02m (.625 
inch) bolt passing through the un-welded end of the plate and through the flange. 
The plates are placed on the outside of each flange and have a .04m (1.5 inch) long 
slot in which the bolt passes through; this allows for a small horizontal movement in 
each of the sections without affecting its performance. The channel has been divided 
in to three equal sections for ease of transport and installation. 

The rock anchors are fastened through the centenine of each channel. The anchors 
are spaced every .61 m (2 feet) in the middle of the room and every . 76m (2.5 feet) or 
.91 m (3 feet) near the ribs. This accommodates the distribution of the load which is 
greater in the middle of the room than near the ribs. Each rock anchor passes 
through a .04m (1.5 inch) diameter hole in the channel which allows for a .006m 
(.25 inch) tolerance in placing the anchors in the salt. 

Each rockbolt will be tested to ensure its quality of installation. These tests are 
described in section 6.1.2. 

Detailed channel support calculations are given in Appendix "C". 

4.3.2 ROCKBOL TS 

The rock anchors that support the roof load are the most critical element of the 
design. The rockbolts are 4.0m (13 feet) long threaded No. 8 Dywidag rods with a 
209,000N (47,400 pound) minimum yield strength. The rock anchors are inserted 3.Sm 
{11.5 feet) into the roof and anchored between Anhydrite •a• and Anhydrite "b" 
horizons. The rock anchors are anchored by resin which bonds at least .91 m (3 feet) 
of the bolt to the salt using one .84m (33 inch) long resin cartridge. Each rockbolt 
extends .46m {18 inches) below the roof to allow the back to expand downwards while 
supporting the load. 

Since the pattern of the detaching load is uneven, the design tension in each 
rockbolt is different, ranging from 44,400N {10,000 pounds) for the bolts near the 
rib to 85,400N (19,200 pounds) for the bolts in the middle of the room. Each anchor 
is to be monitored to ensure that the nuts are relieved before the tension rises 
above the designed limit. Further details regarding the design of the rockbolts are 
provided in Appendix "C". 

4.3.3 WIRE MESH AND LACING 

A mat of wire mesh and lacing is Installed between the channel sets. The primary 
function of the mesh and lacing is to keep small pieces of salt from falling down 
from the roof. The lacing is made of .02m (.625 inch) diameter wire ropes placed not 
more than .91 m (3 feet) apart in both the longitudinal and transverse directions. 
Above this, a layer of .10 x .10m (4 inch x 4 inch) welded wire mesh is placed. And 
lastly, a 1 o gauge small aperture expanded metal is placed against the salt. 
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The transverse wire lacing ropes are appoximately 9.1 m (30 feet) long and extend from 
rib to rib. Each rope is anchored in place by 2.4m (8 feet) resin anchored 
rockbolt. · For ease of channel installation, the wire mesh and expanded metal are 
temporarily attached to the existing 3.0m (10 foot) roof bolts and/or HUti bolts. 

4.3.4 RIB SUPPORT 

The fracturing which is occurring in the ribs along potential failure planes, is 
similar to those in the roof. However, based on experience elsewhere at the WIPP, 
this fracturing is not expected to result in any serious stability problems over the 
anticipated working life of Room 1. Small scale flaking and peeling off of small 
pieces of rock will take place, these being expected to have a nuisance value as well 
as posing something of a threat to installed piping and cabling. 

Wire mesh is therefore extended from the end of the channels in the roof, around the 
comers, and down the rib to a height of approximately 2.13m (7 feet) above floor 
level. This extra wire meshing is pinned to the wall with 1.2m (4 feet) mechanical 
rock bolts. The mesh and bolts do not prevent the flaking from occurring but contain 
it and allow subsequent removal and maintenance. This is standard practice in the 
WIPP underground to accommodate rib spalling. 

4.4 DESIGN CALCULATIONS 

Detailed design calculation for the Room 1 of Panel 1 roof support system are included in 
Appendix "C". 
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5.1 SURVEYING ANO MARKING 

The locations of currently installed rock bolts, and instrumentation equipment that 
may interfere with support installation has been accurately surveyed and is shown on 
a map of Room 1 (Drawing No. 54-D-003-W1 and 54-D-003-W2). These drawings will be 
used to locate the positions of the channel support sets and their associated rock 
anchors. Roof profiles will be determined at each channel support set location. 
Once the channel set locations have been plotted on the room map, they will be 
transferred underground and marked on the roof and ribs of the room. Individual rock 
anchor holes will then be accurately marked to determine precise locations of the 
anchor bolts. Experience has shown that a minimum accuracy of .± .063m (.25 inch) 
will be achieved while marking the positions of the boreholes. 

5.2 RELOCATION OF INSTRUMENTATION, CABLES ANO PIPING 

Any damage to the existing instrumentation installations consisting of electric 
cables. gas piping, distribution boxes and lighting fixtures must be avoided during 
installation of the support system. For that reason, the suspended cabling will be 
moved to the side of the room and attached to the rib, and the piping will be 
lowered. Relocation of these fixtures will not affect the testing and monitoring 
program. Conveyor belting suspended from the rib will also be used to provide 
additional protection to the existing equipment. 

5.3 SYSTEM INSTALLATION 

5.3.1 ROCK DRILLING 

5.3.1.1 STEEL CHANNEL ANCHOR BOLTS 

Each channel set has been designed for 11 bolt anchor holes which 
are to be installed vertically. It is required that all bolt 
anchor holes are drilled to a specified depth of 3.55m 
(11.5 feet), measured from the hole collar. An allowable 
vertical alignment tolerance of 2 degrees and a depth tolerance 
of .02~m (1 inch) are expected. Deviations of anchor bolt holes 
are to be addressed on a hole-by-hole basis so that the distance 
apart at hole ends will not be less than 20 inches. In order to 
achieve the specified vertical tolerance, collaring alignment 
holes are required. The holes shall be drilled as accurately as 
possible to vertical and to a minimum depth of .076m (3 inches). 
After completing the collar alignment drilling, a .035m (1.375 
inch) diameter pilot holes of the correct length will be 
drilled. These will then be reamed to .076m (3 inch) diameter to 
a depth of approximately 2.13m (7 feet). To ensure that there 
is an acceptable annulus in the anchorage zone, all .035m (1.375 
inch) .± 0.030 diameter finishing bits will be property gauged. 
Drawing No. 54-D-003-W2 provides details of the drilled hole. 
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The support system requires that lacing across the room width and 
length be terminated with resin grouted rock anchors and be 
provided with means for tensioning the cables. Lacing cable 
termination anchors will consist of a truss plate fastened to the 
roof by a .016m (5/8 inch) diameter and 2.4m (8 feet) long resin 
grouted bar. An adjustable eyebolt will pass through a truss 
plate and the lacing cable will be terminated through this 
eyebolt as shown on Drawing No. 54-5-003-W5. The termination 
anchor holes will be drilled at 45° angle to a depth of 2.4m 
(8 feet) with drilling accuracy of _±.025m (1 inch). Drilling 
detail for lacing holes anchors are shown on Drawing No. 
54-5-0003-W4. 

RIB SUPPORT ANCHORS 

The rib anchors are installed to hold the chainlink wire mesh 
against the rib from the top comer down to approximately 2.13m 
(7 feet) above· the floor. The chainlink meshing is installed to 
support small pieces of loose or broken salt. Chainlink meshing 
is currently used at the WIPP as a standard practice for rib 
maintenance underground. The rib anchors are standard 1.22m (4 
feet) long mechanical anchors. Rib support anchor holes are 
drilled on approximately 1.52m (5 foot) pattern and are 1.22m (4 
feet) deep to accommodate the anchors. 

RECOVERY OPERATIONS 

In the event that drilling tolerances or anchorage capacities are 
not met, the hole depth will be extended an additional .91 m 
(3 feet). The anchor will be reinstalled at this depth. 

5.3.2 INSTALLATION SEQUENCE 

5.3.2.1 STEEL ANCHOR BOLTS 

Installation of the roof support system in Room 1, Panel 1, will 
commence "with drilling of the steel channel anchor holes and 
installation of Dywidag anchor bolts. 

Correct installation of the Dywidag anchors is critical to the 
whole support system. The minimum bond length of .91 m (3 feet) 
is required in order to maintain design load capacity of the 
support system. This has been confirmed by the destructive tests 
described in Appendix B of this report. A minimum of .457m (18 
inches) of the anchor bolt measured from the hole collar will 
protrude from the mouth of the drill hole. Both the Dywidag 
tendons and the resin will be installed according to the 
manufacturers specifications. Following anchor installation, 
each bolt will be quality checked to confirm its anchorage 
capacity. Details regarding quality control testing are included 
in Section 6.1.2. 
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The wire mesh and lacing wUI be installed after testing of the 
anchor bolts is completed and advanced enough to provide adequate 
working space for wire mesh hanging operations. This would allow 
for simultaneous installation of wire mesh, cable lacing, and 
drilling of anchor holes. The wire mesh system consists of two 
layers, a layer of .10m x .10m (4 inch x 4 inch) welded wire mesh 
and another layer of expanded metal which is installed directly 
against the salt and above the welded wire mesh layer. 

Both layers are attached to the existing 3.04m (10 foot) rock 
bolt plates in order to provide temporary suspension until the 
lacing and channel supports are finally installed. Drawing No. 
54-D-003-W5 shows the installation detail of the meshing and 
lacing. The wire lacing rope will be doubled back through one of 
the eyebolts attached to the anchor plate, and the free end 
clamped with three crosby clamps. The loose end will then be 
passed through the opposite eyebolt and snug tensioned by means 
of a come-along and clamped with three crosby clamps. The 
transverse lacing will be installed before the longitudinal 
ropes. 

STEEL CHANNEL SETS 

The .381 m (15 inch) by 1 n.92N (40 pound) channel steel set will 
be installed in three 2.74m (9 foot) long sections with the 
flanges down. Each section wUI be joined in place by the splice 
plates located along the flanges. An .356m (14 inch) wide by 
2.743m (9 foot) long by .0191m (.75 inch) thick treated plywood 
gasket wUI be placed on top of the channel with .038m (1.5 inch) 
holes drilled to coincide with the hole pattern of the channel. 
The plywood gasket wUI first be fitted over the anchor bolt 
ends, thus forcing them to be correctly aligned before 
installation of the steel channel is attempted. The steel 
channel sections will be installed next, by passing the 
protruding Dywidag anchor ends through the .0381 m (1.5 inch) 
pre-drilled holes. The final step will be the installation of 
the fastening nut assemblies, together with their associated 
plates and load cells. Drawing No. 54-D-003-W3 shows the channel 
support details. A setting load of 4448.22N (1000 pound) will be 
applied to the anchors. Steel spacers will be used to ensure 
contact at the rock anchor positions. 

RIB SUPPORT 

Installation of the rib support system will commence with 
drilling of the rib anchor holes followed by hanging of the 
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chainlink mesh together with anchor installation. Approved 
current WIPP installation procedures for rib bolting will be 
followed. 

Since the rib support system is intended for protection against 
small scale flaking and peeling of small rock which are of 
nuisance value, its installation sequence will depend more on 
convenience than on a rigid schedule. 
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6.0 TESTING AND MONITORING 

The most important component of the roof support system described herein is the rock anchor 
system. After each Dywidag rock anchor is grouted, both in the mock-up test as well as 
during actual Room 1 installations, the rock anchors will be subjected to performance 
tests. The testing will be carried out using as a guideline the specifications laid down in 
"Recommendations For Prestressed Rock And Soil Anchors·. 1989, produced by the 

. Post-Tensioning Institute of Phoenix, Arizona. 

Monitoring of the loads on the rock anchors will be done during the test phase as well as 
prior to the actual installations. The information wm be used to determine when and by 
how much the loads should be adjusted in order to keep pace with the deformation of the salt 
rock into the room. In addition to monitoring rock anchor loads. deformations in and around 
the room as well as deflections of the supporting channels will also be monitored. These 
measurements will enable a clear picture of the room stability to be obtained. 

6.1 TESTING 

6.1.1 MOCK-UP TEST 

A mock-up test will be performed in Room 2 of Panel 1 and will include 
installation of five complete channel sets. The objectives of the mock-up 
tests are as follows: 

o Provide information necessary to evaluate existing equipment; 

o Establish practical and safe installation procedures; 

o Install and test monitoring equipment; 

o Check the performance of the overall system as well as individual 
components; 

o Establish procedures for rock anchor performance tests, and ensure that 
personnel are proficient in the use of these tests. 

6.1.2 QUALITY CONTROL TESTING . 
The purpose of Quality Control testing is to ensure that every rock anchor 
installed is capable of handling at least 1.1 times the maximum design 
load. Because of the large number of bolts (approximately 300) to be 
installed, these tests have to be done as quickly as possible. 

After a rock anchor has been installed for a minimum of 8 hours. it will be 
loaded to 26 kips (1.1 times the design load). The loading arrangement is 
shown in Drawing No. 54-D--003-W2. The load will be measured by the load 
cell and conveniently displayed during loading. After reaching 26 kips. the 
nut will be tightened and the loading ram removed. The load will be 
continually monitored for a minimum of 1 hour to check whether there is any 
loss of load due to creep. If there is a load loss, the load will be 
reapplied and monitored. This will be repeated untU all "slack" in the 
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.system has been removed, or the rock anchor installation is deemed to be 
unsatisfactory. Recovery operations as detailed in Section 5.3.1.4 may then 
be instituted. The above procedure may be modified based on field 
experience. 

6.1.3 DESTRUCTIVE TESTS 

The main component of the support system described in this design document 
is the rock anchor system. 

The primary emphasis of the anchorage system testing program is to guard 
against the most probable modes of movement that may lead to its failure. 
The importance of field validation tests of the anchorage system has been 
recognized as essential to the success of the whole support system. 

The rock anchor system was tested by loading correctly installed bolts to 
destruction. These destructive tests determined that the anchorage capacity 
of the No. 8 Dywidag rockbolts tested in Room 2 of Panel 1, are equal or 
greater than guaranteed manufacturers specification of (47.4 KIPS) yield 
load or (71.1 KIPS) of ultimate load used for support system design. 
Details of the tests and the results obtained are given in Appendix B. 

6.2 MONITORING 

Since the support system will be adjusted during its operational life, it is 
essential to ensure that the loads on the anchors do not exceed the working loads 
specified by the design. The two main parts of the monitoring program will be 
observations of room performance and of support performance. 

Room stability will be determined from data that will establish the rock mechanics 
performance of the excavations in terms of room closure, rock deformations in and 
around rooms, the development of fractures and bed separation at strata interfaces. 

The support system performance will be determined from tests that will provide input 
data from field tests for the design, from tests to prove quality during 
installation, and from a program that will monitor loads that develop in the rock 
anchors and on the lacing during the working life of the support. The evaluation of 
the rock mechanics data characterizing room performance and of the support 
performance data will e~blish the effectiveness of the support system. A 
description of the Geomechanical Monitoring Program including specifications for the 
instruments Is given in Appendix "D". 

6.2.1 GEOTECHNICAL MONITORING 

Geomechanical instrumentation can adequately establish the performance of 
excavations at the WIPP and provide adequate warning of deteriorating 
conditions. This has been demonstrated by the earty warnings provided in 
SPDV Test Room 1 prior to its roof fall, and was confirmed by the views 
expressed by the Geotechnical Expert Panel convened to establish an estimate 
of the life of Panel 1 (US DOE, 1991 91-023). The geomechanical 
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instrumentation for Room 1, Panel 1, has been upgraded based on a monitoring 
program presented to the Geotechnical Expen Panel (US DOE, 1991 91-023). 
The basis of the revised monitoring program is: 

o The measurement of deformations across the Anhydrite ·a· and "b" layers 
in the roof in order to assess the development of bed separations at 
these strata interfaces. 

o The measurement of room closure in order to assess the development of 
closure rates that exceed bounding levels and to establish the 
development of assymmetric room closure that may be an indication of 
fracture development along one rib and rotation of the roof slab. These 
measurements will be made by convergence measurements of roof /floor and 
wall/v.all closure. 

o The observation of conditions in the roof in observation boreholes in 
order to establish the extent of fracturing and bed separation. 

o The measurement of lateral deformations within the pillars to establish 
the competency of the pillars. These measurements will be made by means 
of borehole extensometers. 

6.2.2 SUPPORT SYSTEM MONITORING 

Monitoring of the suppon system under working conditions in the field is an 
integral element to ensure its successful performance. The monitoring 
program consists of measurement of: 

o The load that develops in each rock anchor. This provides the basis for 
adjusting the tension on the anchor so that the load build-up does not 
exceed the design limits of 1.1 times the design load while 
accommodating the continued movements of the salt. The load will be 
measured by means of load cells located at the anchor nut. 

o The load that develops on the lacing and mesh. This will be evaluated 
over selected lengths of the room. The load will be measured by means 
of hydraulic flat jacks located at cross-over points of the lacing. 

o The extension of the cables due to the development of the load due to 
the detaching wepge. The cable deformation will be measured by means of 
a calibrated standard length and dial indicator. 

o The deflection of the channel suppon arising from the action of the 
rock anchor suppons and the load transferred by the lacing and 
meshing. The deflection will be measured by precise surveying 
techniques. 

The purpose of the monitoring of lacing and meshing loads and extensions is 
to gather information for later analysis. Initially, the monitoring will be 
carried out daily but this frequency will be adjusted as data becomes 
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available on the load changes with time. The measurement frequency will be 
based on observing load changes equivalent to 2 percent of maximum working 
load. The measurements of the loads will be compared with the criteria 
presented in Appendix ·o· to establish when loads in the rock anchors must 
be adjusted, and the extent of that adjustment: 

It should. be noted that these criteria are preliminary. Field tests and 
analytical computations will be performed in order to more effectively 
define these criteria and the method of load adjustment that will be based 
on them. 

The criteria and the adjustment to the loads wUI be reviewed as data 
becomes available and may be changed to be more effective. The process by 
which these factors become adjusted will require approval by the manager of 
Engineering for the Managing and Operating Contractor with concurrence from 
the managers of Operations and Safety. 

6.2.3 INSTRUMENTATION 

Geomechanical Instrumentation installed in Room 1 of Panel 1 will include: 

o Beam support rock bolt load · cells - Rock bolt load cells will be used to 
monitor the axial loading on the rock bolts. Loads on the cells are 
measured by means of resistance strain gages bonded to the cell in a 
full bridge configuration. The load cells are capable of monitoring 
loads of up to 444,SOON (50 tons) with an approximate instrument 
sensitivity of 88.9N (20 pounds). In order to maximiZe the adjustment 
range of the support system, a low profile type cell will be used. 

o Pressure cells or flat jacks - will be used to monitor loading on the 
cable lacing and mesh as a result of creep displacement. Pressure cells 
will be constructed of stainless steel and be capable of monitoring the 
range from O to 70 MPa (O to 10.000 psi) with sensitivity of 0.4 per 
cent. 

o Extensometers - Five borehole extensometers are installed in Panel 1, 
Room 1, to monitor rock mass deformation adjacent to the excavation. 
Three extensometers are installed in the roof to monitor possible bed 
separation withih the roof beam. These extensometers are installed 
along the centertine in the middle at approximately 1/4 length locations 
of the room. Horizontal extensometers are installed in each wall at the 
center of the room. 

o Convergence points - Convergence measurements will be taken from 
installed convergence points throughout the room. These measurements 
are used to determine the amount and rate of closure at selected 
points. Monitoring of horizontal and vertical convergence will allow 
for a comparison of the performance of the support system in response to 
the actual room closure. 
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o Level survey • Changes in elevation will be monitored at selected 
locations along the support beams and the rock surface. The elevation 
surveys will identify areas of differential movement which, in addition 
to the results from installed geomechanical instrumentation, will 
establish the response of the system to creep closure. 

Due to the large number of instruments, a data acquisition system will be 
installed. This system will be capable of monitoring up to 330 resistance 
strain gaged rock bolt load cells. The data loggers will be incorporated 
into the Geomechanical Instrumentation System which will allow for timely 
monitoring and reporting. · 
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Quality of installation and monitoring is of key importance to the successful performance of 
the support system. 

o In order to provide continuity to all the activities and assure future system 
performance a Project Control Group shall be assembled to oversee all installation 
and monitoring activities. This group shall include representatives from Mine 
Engineering, Geotechnical Engineering, Mine Operations, Quality Control, Safety and 
an outside project consultant. 

o Collected monitoring data shall be routinely reviewed and results compared with 
design parameters. 

o Periodic progress reveiws shall be conducted to evaluate system performance and to 
define possible changes to the system not forseen during design stage. 

o Possible further testing might be required to define performance of individual 
components. 

o Further steps shall be taken to develop and validate a mathematical or numerical 
model which would more easily describe the behavior of the support system. 

7-1 


