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DOE/WIPP 91-057 EXECUTIVE SUMMARY 

1.0 EXECUTIVE SUMMARY 

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 (DOE 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 fi 11 ed in fewer than five years before being sea 1 ed. 
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 1 ife 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 early 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: 

• Relying on the currently installed rock bolt system and upgrading, if 
necessary, based on the results of the geomechanical monitoring program. 

• A ground support system using resin anchored rock bolts. 

• Interlaced grout anchored wire cables and wire mesh to control rock 
fa 11 s. 

• Cutting slots in the back and/or floor to relieve the lateral stresses. 
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DOE/WIPP 91-057 EXECUTIVE SUMMARY 

• Yielding support system such as timber cribs or steel yielding supports. 

• Roof truss system. 

• Mine new rooms. 

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: 

• Be capable of fully supporting the anticipated roof wedge such as that 
produced in SPDV Room 1. 

• Be capable of yielding in a manner which would accommodate the future 
closure and deformation of the roof rock. 

• Accommodate the bin scale equipment, including forklifts and ancillary 
equipment. 

• 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 suppe-l"t. 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 installed laterally across Room 1 
on 2.44m (8 feet) to 3.0Sm (10 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. 

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. 
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DOE/WIPP 91-057 EXECUTIVE SUMMARY 

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: 

• A minimum .76m (3 foot) grouted bolt length has been used where tests 
have shown 18 inches to be sufficient. 

• The manufacturer's minimum yield load has been used for bolt design -
tests give results 22-28% higher. 

• The support effect of the existing 3.04m (10 feet) mechanically anchored 
rockbolts and the meshing and lacing has been disregarded. 

• The wedge-shaped salt beam has inherent strength which has been 
disregarded. 

As designed, the supplementary roof support system incorporates the four ac
ceptance 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 1-1 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 early 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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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. 
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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. 
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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/.., 
'1 ,)';,/ 

I I 

Ci' 
I!' ,-



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;;._ __ 





\ 
' 

........ 

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~,.-.),. 
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Rcx:k Bolt No. ~0904'1~1-Z. 
M.L'1e W&PP Rock \.\AL- rrc.. Hole LJ:x::atian P4t.lp1.. I • ~ ~ 
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Length - 17.." No. Cartridges - :5 
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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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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. ,.~ 
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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 
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6. 
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.A-q:4c.~• ~E'w' ~ c..~ ...... .,.)~ f£ k A IL~ c:: fl... .s- A.. .,.1.,., e 0 ;/"'-€ t=llcJ 'f -a I( ..... 
J:_'f~d> 'ro ~ ~(\ 

s "1.-:Z·"l1o C.""" ....... esc-
JI!. "' -=== -l .. A.t> 4='C1.o - I. o co -C-0 d. 0 Cle-~. ~· 

s 7. J. ~ c. M .. ··"• c: A'-'- R.-£ ~JC£ tt.€t>J c..c ~·pc f, oo <' •"?: 0 tZ '"~il ~ dc:1e.u, 
--~~ 

s 7, 2-1'- c..~ ... '"''-Co '1 o, oeol!ti 'C"o Q. E:""4) 3, ~ o ol S. ( 

s 7.2,. 7 ~ Q. ). ~ C:. "' ~ .., c,. .;:- .S o o To £ ..- D ,0 I t.o ~ 1 ~" -i:: ~ <. 'I' 1 o o /J. ~ I, · 

7. 8. DESIGN C~IFlfATION 
Reason for Change: 0"ctass II or lllA ~ .,:.;! __ 1110 or Non-Facility 

lo A c.c..o Alo i:>A"'t.c t=d fl A 1141(.A ~ <..~ 9. Required A~proval 
-~Qv•f ..... ~'""l-. 

.0ci:. Aitl!E:c~ 
lt.J'C~~t. 

WP Form 1192: 819/90 
Page 1 of 1 

(:) ·-

C.ti-4..Jt:i.f) -() ~ .s 
s C.4f'~ UoA.... 

. 
Dcs,,w 

Signature qat~ 

PIC 1~ Al Classes l't._ 
A 1 .. I I ~/~Ilic 

Originator -f (; ~ ' ~ 
v I. .,. 

An Classes • • '~ ' .. - - - e/<r/r;1 
Safety ~- ~,,,.--? ~ " .. •:> 
As Aequi!J""" -~_....r:r- - • - @/~/.,, ~ 

Oua111y(l.s<urance /~ ~JJ..A-r-
II or lllA e/g/Ci I 
CognizantEng~ ~ 
llor lllA , ~} ~~'-""' ih/~1 
Cognizant Operations ~- I 
AN Classes~(:': J - - \~ ..,......, ~/7/9( 
Other d 

Other 

2908:3919 



·, 
... 

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 
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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 

4!~ 
D. Galbraith, Senior f.ngineer 
:·tine Enginee:ring 

Page 7 of 7 

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 

ATTACHMENT 1 



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 

94-36-0 
100-42-5 

PAGE 3 of 4 

Maximum 
\ Q.y We i ah t. 

l. 5\ 
10.0\ 



~ .. 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. 

ATTACHMENT 2 



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). 

i ~ --~----..-----....... ----....... ---,,., A"I. 7C\.X' PSI 
50 M:"J'ml 
Carbc>ni(crou1 
hard limcHonc 

.! ~ 111--~----+-----+.,..,.-~ ... =t------i 

~ 
~ 15 t-~----1- ·~"""";......1-----+---......,,,~ A•'I· 1~'-'-' PSI 
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90 ~ .. 

.! 
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..!! 40 
~ • 30 ; 
A .. 20 c 
< 

~~-c:;;--+-----1 Gnni1et 

.--...... ----..------r----~---...., A"I· i50 PSI 
5M..~ ml 

1---+----~----4-----+,,.....,::;;......--I ~tudnonc 
Silcait>ne 

· A"I· ZlXXl PSI 
1<4 !It~ m: 
Annie 

:;.;i.o..=:;....---1~----f coal mcature 
Sand none 

co 30 .., !Cl 

Roel. ;vrnrrrlu arr in unia.t·ia/ •t>mpmtion rcnn•. Jnfonru· 
ric>n ltaw on tn11l• .-onJu.·rcd b .. lmrcrial Cn/k-rc. U.n.Jon 
119itl/, ) . . .\. F,..nl.lin. 8.5.C •• . W.Sc •• Plt.O, D./.C. 

IO 
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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 

T
\. 

I 
8'0" 

LOKSET9 
Faa-~lliftl 
Rnill 

l 

. , 

18 GracM 60 
Th~ 

6" a 6" a }.'8" l'tate •'itlll 
WedpWuhera_.,. 

HeaNvr 

Roof bolu in Jfrenion runnel. 
Paintsdlle Lake Dam, Kentucky. 

. .\nny Corps ofEniin<'ers, Huncinrron Di$trict. 

' 
' 1 • 

. . 
• 

s·o· 

. . . . • I 

---:P· . . . . . • q:p- .. 
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. . 
•I 

11~-·--·--

µ:.zw ''AA4ti'~~ •. llJ·· 
:!! 

}(1'0" Ii 
jl 

I 1-4";: lL 
ThrnJbar ....,._.... 

!I _, 
!I 

: I l 4" z ~i:i·: 
. !loft , I 

1 Hok I 
' . 

'--

1 
LOKSET• 

~.f .... 
Seni .. 

I lleain 
1 '------

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 

:JUSS ICJ'TPD 



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 

8 

1 3 

I' 



e 30az<113088 DYllilDAC 071'12/91 10:08 Pel .,, 
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• HNtl 1:•2n1 
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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 
U41/41, 7 1.SZ114e.3 

14 14 
747 7Z4 

1.Z38/31, 4 1.40&/JS, 7 
t. Z5Zl31. 9 1.4Z0/3&, I 

1.20 t.n 

I • Mf>.(fORM AS ~IEO WITH EXCS'TIOH rs Mita 
O:AAETER {Mita 'I MtCH IS ftCf'E> IN TAa.E. z. AT BOTH eos rs tllT nRAtftaf IS MOOflED 
OVER LAST 1/Z t\.RN AS FaJ.OWS: Mfat -
~ l.P TO MA.at • AT ca.sT AHT P.AOIUS. 

ATTACHMENT 5 
OYW!OAG POST· TENSION'.>«; SYSTEMS ~!IDVl!lft 11!'1. ~11 IWil ~lltC.,.., 

""' 'tll llPWCI ., I Cll•IO-tO r.L. soruzea10 

- I 
z Cll~t• ...... 
J Cll-&1• 11.L. 

• OMtotl 11.L. 

1~ ~" MAT'ERiAL: 
~1!.·--~~ ~,, .. - -:.,"'- • I ~ ,tBOVE 7.AW'I: ; -~:.ix - 'F<ll " ~'-· 
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1 3/8"o HOLE 

EPOXY RESIN 

DEFORMATION 

, /Z' exa Pl.A TE 

HYDRAULIC RAM 

D 
ROOFBOLT DETAIL 

VERTICAL ALIGNMENT - (TOL. s·) 
ATTACHMENT & 

CABLE 
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·;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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.,,,,. ~'2:' Ylfl.f/I IS I/SO Tl> J>d ll/llMW& (./J01~N) 
AIJUIO~ · L&AJr;,.,.,. •& ~,A,.._,C"rw 29 SIA1'1C tflMl~I. 

t'~"'i b,,,,.,_,.,nr.-c All• ~&-.b~,~~" 
TW' ,,.,,,, "-"'"c "''2r 1~ us•~ a .,.,,..r TN' ,er~ 
MN'?Y ~'110< Of Al a4' l>~C'11tt~'.IJ . 
1116- M.1,+0 ro Of'J$'6 loA4> J:itl"-"RI II 'f'IKAJ: 

;J .,,-to.ASh.Xo.•1-xzsoo w/,,,.•) 
,&l .. zse kN •.56 1c.·p 

··~ ...... 



, .. 

WllTINGHOUll WAITI llOLATION DIVlllON 

~ •eo ....... IWlo ~~ ,...._.T1>16 Aoa ,,..:MS .., ... ....,... · 
,_"" '·I 'Ta 'f-1 ~CIPlfNi.t*9 Ot-4 ~~ nP~ Atolb ..... ~\CA.,.,Q#IJ ! 
Ctlsft 'JL,~. S..frW'TV ~~ ,.. ~•l.M'-1.t.,. i~c.0 iNTC 
1"'WCC...~'-'"1•N 8V &c~MGr ~J wc«.C&Nti ~1) 

~""'; To &•~ ~ ac,.. •"' ..,.,..r ...._.,,,...,.1"C. ao~ 
~ Cta1r. a,.'), ~,._ ~·~~ •• eca"''~'-C'N? n 
~ '*""'fl"T'V "'Ac.-r.&. Co\" a~ 'o\- • Aa c.i. ~~ .m o M 

~· % ef' 'Tltt6 ~C.C.) ~ ~ ~ 11.C~\o\"-C'b 6• ~,._T 
-rs+C" ,-Q'4 ~ tr.-.c..,..A. ~ ~Plrv c .. "-C. es~'""°' 

""'i..C v~a..-.c "'60 ~ c.&N•wt=,...,~ ~e-\~•v• 
........ ~ (.~'l ••~OM &.A•~l..'t 'TD1'1~ 
,,.,.. 't-)°"..a• .,...,~,..- a\AQCN-'"'&'MT. ~U.S. .. U..:6 . 
w. ... _. ....... "' ""-•,...,.,,_.a''"' ..... ""-"' ~ .... ,.,,....,. ... ?"HC"j 

-. .... IAI •17W ~•N'ft"n.1.1 . .,,,. llMIM$-r lfaf4C..'°' 16•0/1 ,.,. • w-U 
.:· ftd#b. 

~. 4 'P~A t4Nt:~ UIA19T'H ~Rovi•a """ ~l.fll"T11ta1.e
~,rc~ - 6fFCry AS,,1N$71flf/Lwll di= -rwtr AA.JGl.ldlt. 
,~ 

~ AllOV~ 1tfd'4NP710d Lllll.L a' Y'd1F1tll'J &'( ~1(J.b 
-nt:.l.,..,AAS. 

QA Tl 



• 

2:ccc ... :::i. 4-4-wt.. 
~ --• • 

•• ...•.. ''· > t. l' I '·· ,, .j 
,, 

\' , I 
'\ . ,, 

'~'-'-goo "'f:!52• ' ( I I I 
\ I ,' I, J 

~53° '-33o 
TESl'. NO 1 rESJ No 2 

·: .:~..: _::> 
• 

,, ,, 
'' ' \ V'" I -;ttoo0 

\ '. 
I \ 

\ I 

62° 
TEST No J. 

52° 
TEST No 4 

; ~. 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~'( • 
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"'•'~· ;,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 
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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. 

D-10 



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 
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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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SUPPLEMENTARY ROOF SUPPORT SYSTEM 
UNDERGROUND STORAGE AREA. 

PANEL 1, RQO~ 1 · 

FIGURE 1-1. Isometric View Room 1, Panel l, Supplemeniary Roof Support System 
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DOE/WIPP 91-057 INTRODUCTION 

2.0 INTRODUCTION 

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 
(DOE 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 (SPDV) program showed that the rooms would 
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, up to seven years of useful life are required to complete the 
tests in Room l, Panel 1. This document presents the design for a supplementary 
roof support system --fe-r Room 1 of Panel 1 of the Underground Storage Area. 
System design and its implementation process is presented in Figure 2-1. 
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DOE/WIPP 91-057 DESIGN REQUIREMENTS 

3.0 DESIGN REQUIREMENTS 

3.1 DESIGN CRITERIA/CONSIDERATIONS 

The support system must be designed to accommodate the following criteria: 

1) Provide a suitable supplementary roof support system to ensure that the 
Bin Sea 1 e Tests conducted in Room 1, Pane 1 l, of the Underground 
Storage Area wi 11 not be interrupted during the seven year period 
starting July 1991. 

2) The basic design parameters are determined by geotechn i ca 1 
considerations such as the age of Room 1, existing and future ground 
deformations in and around Room 1, and the prevailing 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. D-0087. 

3.2 DESIGN SPECIFICATIONS 

Design specifications are contained in Document entitled "Design Spec., No. 
0-0087, Supp 1 ementary Roof Support for Room 1 of Pane 1 1." 

3.3 DESIGN BASES 

The Supplementary Roof-Support System for Panel 1, Room l, 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 Supp 1 ementary Roof Support System for Room l, Pane 1 1, is 
based on the following: 

3.3.1 General 

• The support system is able to be installed concurrently with bin 
operations. 

• Safe access is provided for a minimum of seven years from July 1991. 

• A minimum access height of 3.45m (11 feet, 4 inches), is provided after 
seven years. 

• Support installation procedures take into account working within RMA 
boundaries. 

• 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. 

• Because of accessibility limitations and RMA requirements during the 
testing program, only the center portion of Room 1 located between the 
ventilation bulkheads has been considered in this supplementary roof 
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DOE/WIPP 91-057 DESIGN REQUIREMENTS 

- 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. 

• 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. 

• Rock spalling in between sets is controlled by a system of wire mesh and 
1 acing. 

• Floor maintenance will be carried out as and when required. 

• The transverse 16 mm (5/8 inch) diameter wire lacing ropes will be 
adjustable. 

• Rib spalling that may occur is contained by a wire mesh system that 
extends down to a height of approximately 2.lm (7 feet) above the floor. 

• No stability 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 

• The bolt loads are readjusted when the load on a bolt reaches 1.1 times 
the design load. 

• Existing 3.04m (10 foot) rockbolts may be removed in order to facilitate 
installation of the supplemental rockbolt supports. 

• Existing instrumentation fixtures, installed cables, and piping will be 
relocated to the sides of the room to avoid damage during system 
installation and maintenance. 

• Rock anchor ho 1 es will be drilled vertically with a to 1 erance of ± 2 
degrees measured in such a way that the ends of the holes will not be 
closer than O.Sm (20 inches). 

• Drilling tolerance for the depth of the hole is± 25mm (1 inch). 

3.3.5 Testing and Monitoring 

• A complete full-scale mock-up test will be carried out in Room 2. This 
will have at least five channel sets. 
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4.0 SYSTEM DESIGN 

4.1. GEOLOGY AND ROCK MECHANICS 

4.1.1 Rock Mechanics 

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 (SPDV) Test Rooms. The case study presented by the roof fall in SPDV 
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 4-1. 

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. Taking the average 
density for the overburden at the WIPP site as 2160 kg/m3 (135 pound/foot3

), the 
initial stresses at the repository horizon are about 2000 psi. 

When a room is excavated in salt, the local virgin in-situ stress field is 
disturbed. The immediate initial 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 lateral stresses 
in the roof and floor beams leading ultimately to the development of low angle 
shear fractures. One~ 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: 

• Creep of the salt - Salt creep is still occurring in the competent salt 
above the rock wedge and above the ribs. 

• Kinematic movement of the immediate rock due to gravity - The rock 
wedge, if it is unsupported, will move down under its own weight. 
Figure 4-1. 

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. 
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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 SPDV 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 (l,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 4-2. 

The facility horizon lies within a 12m (39.4 feet) thick unit consisting of 
halite, argillaceous halite, and polyhalitic halite (Figure 4-3). A thin, 0.3m 
(.98 feet) to O.Sm (1.64 feet) thick layer consisting of anhydrite and 
polyhalite, and identified as Marker Bed 139 lies about I.Sm (4.92 feet) below 
the floor level. Anhydrite beds (less than lOmm [.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 Clay G and Clay H are associated with the bottom 
of these beds. In addition, an intermittent thin clay layer identified as Clay 
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. 

The total roof expansion that has to be accommodated has been taken as 38mm (1.5 
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 lSm (50 feet) into the roof at strata 
changes particularly the clay/salt contacts. The largest shifts are found at the 
clay/salt contact below the Anhydrite "b 11 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. 
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rooms 91.4m (300 feet) long, 10.05m (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 l, 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 I. 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 l, 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: 

• The use of full column resin or resin anchor bolts; 

• Grout anchored cable with lacing and wire mesh; 

• Slotting and/or relief entries; 

• Yielding supp.ert; 

• Rely on currently installed support and upgrade when necessary; 

• Roof trusses; 

• Mining new rooms. 

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. 

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 
pl aced 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 
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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 .OBm (3 inch) diameter hole extending from the hole collar to the 
Anhydrite "b" clay horizon. 

In order to cater for the possibility of shear and bending at Anhydrite 11 b" 
exceeding these limits, a set of five test anchors and four observation holes 
will be installed in Room 2 as a part of a mock-up. Periodic proof testing of 
the test anchors would be conducted when observations indicate that shearing and 
bending of the anchors are occurring. 

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.l Steel Channels 

Each roof support set consists of a structural 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 triangularly distributed wedge 
load. Eleven rock anchor bolts are required to support the channel. In the 
unlikely event that the roof detaches as a rectangular shaped section, the anchor 
capacities are sufficient to cater for this extra load. 

The support channel is a 15 x 40 channel section 8.2m (27 feet) long. Each 
channel set consists of three 2. 7m ( 9 foot) 1 ong sections connected together with 
four .19m (7.5 inch) by .08m (3 inch) splice plates. Two of these splice plates 
are we 1 ded 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 a 11 ows for a sma 11 hori zonta 1 movement in each of the sections with out 
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 centerline of each channe 1. The 
anchors are spaced every .6lm (2 feet) in the middle of the room and every .76m 
(2.5 feet) or .9lm (3 feet) 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 11
• 
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5.0 DESIGN IMPLEMENTATION 

5.1 SURVEYING AND 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-Wl 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 AND 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 
.025m (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 properly gauged. Drawing No. 54-D-003-W2 
provides details of the drilled hole. 

5.3.1.2 Cable Lacing Anchors 

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 
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tensioned by means of a come-along and clamped with three crosby clamps. 
transverse lacing will be installed before the longitudinal ropes. 

5.3.2.3 Steel Channel Sets 

The 

The .38lm (15 inch) by 177.92N (40 pound) channel steel set will be installed in 
three 2.74m (9 foot) long sections with the flanges down. Each section will be 
joined in place by the splice plates located along the flanges. An .356m (14 
inch) wide by 2.743m (9 foot) long by .019lm (.75 inch) thick treated plywood 
gasket will 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 will 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 .038lm (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. 

5.3.2.4 Rib Support 

Installation of the rib support system will commence with drilling of the rib 
anchor holes followed by hanging of the 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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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 until all "slack" in the 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 establish 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 early 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 instrumentation for Room l, 
Panel 1, has been upgraded based on a monitoring program presented to the 
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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 will 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: 

• 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,BOON (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. 

• 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 0 to 70 MPa (0 to 10,000 psi) with sensitivity of 0.4 per 
cent. 

• Extensometers - Five borehole extensometers are installed in Panel 1, 
Room l, to monitor rock mass deformation adjacent to the excavation. 
Three extensometers are installed in the roof to monitor possible bed 
separation within the roof beam. These extensometers are i nsta 11 ed 
along the centerline 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. 

• 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. 

• 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 ce 11 s. The data loggers will be incorporated into the 
Geomechanical Instrumentation System which will allow for timely monitoring and 
reporting. 
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RX:K OOLT~Cli TfS1' 
. 

Rx* Bolt No. 
Mine Rock Hole I..a;.atiai 

Hole ~ - ____ Dia. - @ ATdv:% I@ midp:>i.nt I@ oollar. 
Orientation -

Bolt Grade - l.ergth - Diameter -
51'lell Manufacturer - M:xSel - Diameter - _ 

I.ergth -

Resin Manufacturer - >t:de1 -
Lergth - ~id3es -

Diameter - _ 

Installatioo Date - TiJle - 'Ibrque - t 
Test Date - Ti.me - Torque - f:. 
~ Jack - Test Pulip -
Dlal Indicat.Or - calibrated -
Pressure Ga~ - calibrated -

Extenso-
~lace puirp Bolt ll'eter 

Pressure Tension ~ :Re.marks 

Test Results - Maximum Pull Farce -
Di~laoerrent at MaXliilJiii PUil FO~ - -----
Nature of Failure/Yield - -----------------
other Remarks - ---------....-----.--~------~ 
Testai ~ - J@i'OVea BY - -------

ATTACHMENT 1 
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. 
·UNDERGROUND DRILLING HOLE FJELD DATA SHEET 

Date: t/11 /~1 

Room/Ori ft: P4'-IE:\.. l · 200""' 'Z. 

Purpose of Hole: fl..<,.U. -n;~-r: ~,@l.:(f!•vc: 

~~l:!>~I - I 

~.11J'1I 

Loe a ti on: · tJ · £..it> APP!t.? 4 .. 'p ieo- d A ?P\UI-.. 1- • c.. F.,. 

Depth at Completion: l\ I• l 1• 

Diameter: I· 'I" -11 ~ 
Approximate Collar Coordinates 

Vertical Angle: v~. (~0 ~~J.Jc.e\ 

Direction/Azimuth:. 

Remarks: ~~,JJ /rzocr_ 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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R::Q< OOLT~Cti TESl' 

Mine WlV~ Rock i!Al..-l'T1P 
lb;:k Bolt No. YJ:!'5't·'2.. 
Hole Locatian 1 :.b.M't 

Hole ~ - u:a: Dia. - @ Anchor~ /@ midpoint tl.//lr 
Orientation - \A;.a."71eA" l. 'lit. :l!~J «:iMo!J:H 

/@ CXJllar ~ 

Bolt Grade - 6~ ~th - l~'-o" Diameter - tit) 

Shell Manufacturer - ~LA lb:!el - ~l.4 Diameter - \l{~ 
~- &A 

Resin Manufacturer - ~»:xie.l - t-\'PC> -o?o4 
~ - rz.,. • idges - 'I 

Diameter - ''"'c." 

Installation Date - oti/r~/~I Time - 10:5\l!' -
'Ibrque - YIA ftll 

Test Date - "' '"' <1' Time - 1:1i1 ~ To~ - N /£. _,/..~~ 
Test Jack - w..~~- c lS'A Test .Puni> - PL- i:o. CH··~ )U ~'"'Ls.ta. 
Dial Irrlicator - J;~~h'2 l!6-004o ... , u-gu:g -l:YE ,., .~ • .,, 
Pressure Ga1.J36 - ~4!. I ~I •c.I calibrated - C9 ·o'- ·• I 
~!(loo . ~ Ertenso-

I~ Bolt :meter ~lace Tension ~ Re.-narks 
'I. ~ ·~ o.oo~ 

A ... ~ - -.02c 
L. "'I• .. l"'1 ~ ... 
• 'I ... n.n , ~ -

10 12-Z.~ Jl"J .o• " """"\-. 
l'Z. , ... "P.a '1 •I .. n~cwo /'} . .... .. ...,./--· 

Ur lvr>CP ~. [1' 

u~ l.'J"ll!O ,,, . .,,, 
2.0 Z.qlQD """ . , ..,, z::a-,,;; u ,, . ~ J ~ 

7\1.. ,. b4 ~ o. • 
':It. -.~ I n r~ ., .. « \ •s ~ o. .. "I 

In ~"'. oio ~. •V.i , 

• L., iJI '> S"l..• £7. 49_ ,.... 
-

~ 41Ll "1 S'~ I? ~· 
, 

-
""' - tC. Q&JO ~. ¥.• -":lo .. .4& '2"1.S"' ;"', . ~ '.L..I 

~· 
.dlQ4r- _, 

1. •'7~ -
-•'1 ... ".,~ It. - ''l"3" -

~·l ... ... [~O ~7· ,..,., I 

~ ~ lie .t.6 '-"'. ("'"'~r. -
.... - ~..,. -''·-· ..l -llO 

\i.I .t'!:j. _r 'C:S 
l~ .... ~y~ .A. r. "7 -
4J' 'rtlll:~ r-,. S. t;." 

oillU ~ ..... ~ ~.<IA. r..; -
4! ........ ~ r~ r?.r ., 
AJ ~"' 0 .... ~. <"' r-,,._ ,. ~. I .. .. - T>I,,.. I -. • -- -. ,. .... r. -. - " ~?'l;lD r 

'" h. 
r --· ... ~ r...., i'?2' ... ~~ 

ll: - . . ,,,,._ • • 11· '2.. A1 ...... Y rn ~ .... ,...,....,...-Yr !Z. h. •• ; . .. •I ..... Llt/l'ffl r-.Jt 7' iW .. 
• r ' . r·.1 ~ '"'- -I L 

' -- .,.. rf LT'~v ,r,,.,., ~dCI r'Jl"T 
I ~ 

T-~~Ai _..,.,.,.,,. ef~ ./.l5:r PAI 

Test Results - Af'j"' ,y,;"h Maximum full Farce - sitzfO"Z 
Di~lacement.at Max.µmlJll RUJ. Yorce - tt>. ~. ,,,,.,; 
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. 
·UNDERGROUND DRILLING HOLE FJELD DATA SHEET 

Oa te : ti I •' I ":> 1 

Room/Drift: t>~~t. \ ... ~ 2 

Purpose of Hole: 

PTo~t3C?>r- ~ 

ATlAC~ 
WP 09· 
Pagt ] 

Location: t.J. &Ni> #PP-. 4•' W o~ ~ ~ AP~ 1~ ft.GT ftt.olJ"'\ J. '5L(.'-\c 

Depth at Comp let ion: -:l;..:..\_' -_1_''-------

. Diameter: ---.:':....'-'-'-'-' ..J...t/> _____ .;;.:Co\.;\~· .:....~=..11:...:..,.,.J::..:...:::._ 
Approximate Collar Coordinates 

Vertical Angle: V~. (s 0 w~) 

Direction/Azimuth: 

Remarks: 

Signature/Department: 

WP Form 2014; 10/15/90 
Page 1 of 1 
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Hole ~b~ _ ~1t;,..,~t mt.t~@s~~int NIA /@ collar ~ 
Bolt Grade - C-i2-'-P 1.e.rqth - ll' -•" Diameter - ts.t 
Shell Manufacturer -WA. M:xjel. - tJ/A Diametar -NIA Lergth - N~ _..__.___ 

Resin ManUfacturer -~ Model - H» -o~\l. Diaireter - l''t" 
Lergth - \'Z "-- No. Cartrid3e& - I ........,.__ __ ! 

~ ~ UJ2 Extenso-
!:tiftP Bol V.-- :reter Displace 
Pressure Tensicn Readirq ment Remarks 

F7 ;1_., no /:1 0 J~ r 

., II hL At • ' 

II 

I~ 4 'l 0 ,....,,. • ~ .• 

. 
' / 



~d l ti 

sx;K IPLT~Cli TfST 
r 

Mine W\PP Rock H1.1..1~ 
a:x:k Bolt No. Prof:>~,,_, 
lt>le Lccatian f~ t -~ 

Hole~ - 11:1" Dia. - \ ~~/~dpoint '4tA,. 
Orientation - Y£2.J:. S--~ -~ 

/@ collar 

Solt Grade - (J~~o I.ez-qth - 1'2 ... ""'& .. Diameter - tit\' 

Shell Manufacturer - ~~ f.t:.del - N.L1.. Diameter -~ 
I..erqth - ~t-4 --L1,elh.. 1 

Resin Manufacturer - ~)objel. - \.&?r'-oz.,,* 
Length - '~'· No. i<XJE!s - I 

Diameter - ~ 

Installation Date - o<h~/'/ Time - lf:o4°~ Torque - t.l/A t 
Test Date - B/l~/t:?;I Time - n:~ ·u~ - tl/A f 
Test Jack - c>l"·'-o -°"' ... s~ Test Pl.mp - "=i!iJ:-.C: ">K '2.&Sh. 
Dial Indicator - A~~ ce-n _...,nod.O - ~- q.. 
Fressure Gauge - fl.~ G,41.a ~' i::l cio I calibrated - ===~I 

~ Bolt~ Exten.so-
100ter ~lace Pressure Tension Readirq Renarks 

~ 1.6'1• '•Pl:)~ 

4 .... L>d o. ~f i._ 

;,, .,.ti. 10 e:> r7' ':i. 
~ ""<to o. _, , , ,, 

J.C ,., aco o . ...-i ?<:::> 
'~ - .......... o.r ·XT ,, ,.,, __ 

0. ~~ 

' , \CJ1CO e:>. j ~ I 
J h u 150 <::!> /fl . ...., 
'>.0 .....t.· .. - 0 /r y 
,~ t1"11P 0 J' '.:,r 
-:/_ ~ z~us.... _,I~ 1 
71. ~, ·,)O CJ.~ ,. 
? ·~ •\&'UO 0 • .. , ! .. 

~ '51:e>.~ -. ~ . ~q 
• ,,.,_ ~a c:;..,o ~ . ~ ... , 

s;:1 41.,: 1 s• CJ• ~ .. 
~ ., - 41:~ ~. . ,,. 
"; di l.W.e' e::7· . 

~ 
~ • ~·.11.1 .. .....,, ,...... 

tit" .Le" c,;"!:" 1£.J ~ ~:t' 

I\' AL ·c.- .....,, .. , All '.11.r /i\. 
) d. ., .4nO <:::>. 

en~ n• .:! ~ 
....., 

• - '' ~-.,. -- .!~"' • :, 5~· ..,._c- n. TA ·.r 
• l.l ...,-~ o. ' .,..r 

_Ill; c;1 ~tr,,.,~ <:J. ra 7 A 

L ~ ···sao 'l'T.! -
,., , , .R~Y Tt7 ,..~~ . .. '- 1:1 ·~ :d 4'f J JI(' ~ -r-.· I -. ~ Cl "'7.0 - "' ' "7,,,,-, A'--U~~ .--.~ rG ':: -A • "' ~ ••S- ""-,It. ~..< "' - -- c-- .., .. ....,. Lr-1 .. _,.,, rc<Jf~ A 

\ o. 'rYI(!; ... ,,._ ~- -- ,,_.._. / %_,;.-)..-.-~ ---Ill;; lL..1.'f' "'lll:.i.r> r._,.Aci- . 
.. i...- - . 
iCl ,., . ..• .,,... ..... J ;1 _.,.,.. __ • ,, .. iZO? At 

Test Results - U'r. - , ~ M!:>• '" - mi Pull F'ofjf -p;· ~ · ~ ''-': Di~lacement at MaxiJILml :ui~rce - . r ~~ .. - • J · . 
Nat:Ure of Failure~ieli - ~.~ jl/ ~~l.;l<('.~ .. " 1"'·'""""' 1 

Other Re.'tarks AJ. •I f.~ As::"TE&. ....... ~~ l.l..4TICJM • UC:.1.-P /U - n· 
'I'ested '&j - nJJ,111• -••• ~ B'j _ _LI/ -- 1.1 ... ...... ~ -• '"t"'1:""-"'"' ...... 

Jff.tf".Y', 

\_, 



IO:.k Bolt No. Pro!1311-{, 
I~ Rock Ible Location ~ -
Hole ~ "'::---.._ Dia. - @ Araiar I@ midp:>int /8~llar _' 

Or1entat!Oil~ ~-· . 

Bolt Grade - lel~ O~tar -
n=::.:....::.=::_-===========--===~~.::::;~====~z:::=.:::=:....:...=========!1 
Shell Manufacturer - ----- 1'kxiel-:::--__ ~ Dianaetar -

Len;Jth - ~ .............__ ---

Resin Manufacturer - - ~ - -----1.en;Jth - ~ u.i~ -
o~~-- -----..........----· 

Installation Date - __....- Time - -----

Test Date -~~~------ Time - -----
Tes~ J~lr -- Test 'Co"""" -
Dlal ~cat.Or--------------_-_-_-_-:_ ___ ~_ .... _'t'_ 

Pressure GaU36 -

Torque - -----Af...,t~/lb_ 

ca:Iilirated -
calibrated - ------· 

Extenso-
flmp Bolt. ireter 
Fressure Tens1an Readinq 

Displace 
ment Remarks 

I \. 
I 

• .,.~,s~· 1: 'fu , ~~· .. ~.-
...,, <7Al"> •I I .. .LJ-r- - , M'l,rT FY .. i 

I (,J 1S-• /:U 1·• _.....Ji-
~"¥# ~~~ ~ 1 

... HT .ra?-> ~ / ~,, r.-... 
--- · ~ "'~" .atool'i" 

- w. N-YJ- ~- JJ-r <~~ AS ·.1. I rv ~/11 

Rzr .~ •• I IP ~°79 <7~ ~ 

. ~ 7-,o.. - ._ 
1~/1.1.141 HU;b ,,.,, s~ ........ ,-:- n.: 4or·,.... . . 

I u.Av.. .,..u.. 

l 
Test Results -
Displacement at }bv•-- PUil Fa•-
Nat::Ure of Failure/.Yfeid ~:;:---------------__::===---=-----otr.er Remarks ~ ~ .;;:----: ~ 

""'";"" :-_:__ Torce - ----------
Tested ----n:~. ,..,.r•~~·~· 



\ 

.... 

. 
·UNDERCROUHO DRILLING HOLE FJELD DATA SHEET 

Datt: 

Room/Ori ft: P~ I ... ~ '2.. 

Purpose of Hole: &LA- hT; ~\.hrV£ 
t>ro$\'391 .. -" 

{ P"'rt 1 to 171. 

location:· N e.t-JI> 4-4 1 W ~V\i., 36 -<10 Ft . .;-~...,, l.1. EUL~ 
I II 

Depth at Comp 1 et ion: _._11..._-_/~------

. Diameter: 13/'0 " & CJ:WIPLJG'ilo,/ 

Approximate Collar Coordinates 

Vertical Angle: 

Direction/Azimuth: Ve;J?:r. (~ ~) 

Remarks: ~~lJ..( / J?o:-¥- 4'-Jctbrt.. ~ A."t- 12..! fo~.._ 

AA\T> COlV\ Pll?nZ 'D 4--r- '2. J tfS P>l-~ -

Signature/Department: 

WP fona 2014; 10/lS/90 
Page 1 of 1 
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• , 
• 

8X1{ OOL~Cti llSl' 

w . R:dc Bolt No. ?Ioe\.131- l 
Mine l~P Reck \..\6L \"Te. Ible Location tAt..4U • k•"'>,,. 

Hole~ -1.J..:.m• Dia. - @ Andlor~f~dtx>int t.VA /@ ex>llar\JLL 
Orientation - ygncM- ls• "tP."-'~-~ 

Bolt Grade - &le'° ~ - '''-o" Diameter - il4l 

Shell Manufacturer - --~.:.of.~""----
~ - H/A 

M:xiel - __,Hf.._.A..._ __ Diameter - """t.v. .... ~..___ 

Resin Manufacturer -~ >txle1 -'-'"'e •o2o4 
Lergth - l'l." ~id3e5 - $ 

Dian-et.er - I ~IJ.· ------

'ZO• .24'10 O. WV - -I.Ii •-"f ... '----;1------------------l •1-• 4C!,........ ;,.o~-z; f1 . 

loco t2. 1~"" -.1t.o ··"" 
ll---~l'2oo::i.£..-+--~tol.O'~~~-~-+--~O~·~,\~~'l"ll"-ll-----;1---------------~ 

14- 11 V'l't' ~ I ..i 

'CIO .l\01a"" ,,,_, .ZJ 

- I ~ 0. "I..« g • -. ... 
4~ - - ·- • :il"i'-t :,....-: \}., 
dlcio ~ ,,,.;!'n!L .-

.A'7- I I .""JO - --

n.4 I r 

.C .tn <%,.'lirii. 
A i ~ C'C! ..O.C 

. .. g 9'17410 

~ • - I 
• .._.,~ - Qt ti::.n 1"4_.I. • 'JV' 'J'~.~. ~I• 
,.- - - ... - __ ........ ~-~- 'Y•'•rr'"JI 
Pl~M~i> ~ "'* P'..a 1 10 - ~ 

I 171:~" ---..a 11lAi,.. \ J.l )t• • •~ . 
•I. F.J..Q NJfC.. Cl V\~1 ~h ~·A.

• --~-~ ~~ A - 'f't.l \Jf!Wb L-"dth.o. 



ID:X OOLT~CJi '1l$' ~(.'l ~ 

Mine ........... Rock 
~Bolt No. 'PrOll~I 
Hole Location ~ J - ~ - _,, 

Hole~-- Dia. - @ t\nChar /@ midp:>~ /@ oolla 
Orientation - ~ - -

Bolt Grade - ""' l.en3th - / Oiametar -- -
Shell Manufacturer - ""'~ Diameter - _ 
~-

Resin Manufacturer - /••-A.._ - Dirureter -
l.erx3th - ~ ·-i-~ -

Installatic.n Date - / Ti.me - -.............. _Torque --
Test Date - / Ti.me - ~-Test Jack - ./ Test PLmP -
Dial Imi~~ (';:1111 Q'-C>Y _............_ 

Pressure Ga - calibrated - --........ 
Extenso-

~lacs fuirp Bolt :ireter 
Fr~l;ll"e Ten.5ian Readin3 Re.marks 

, ... _. ~- .2~T Jll. ~ ~- ./-~ ~ 7'" ....,....., 

c trr , 
:n,\ 
Jl:;."7\ 

I • ' 
I 

' 

-

• 

• 

Test'":"-_...:.: - Maxinum Pull Fnrra 
Displacement at Maxi.Jlllm FU.LL Forca -
Nature of Failure/Yield - -
otl".er Remarks 71. '-"7rr ~ l l 
Tested By - ~. /,.l.i VI A A - • • ~VVt:U 'd'f - ~ r;" A - ~ -

' 
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. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Date: 

Room/Drift: P.ootr\ 1.. -P41\..{G:\... I 
Purpose of Hole: }>&.tl-\... tQ?rt : ~9m.u.a,l,c::; 

P-+oe13~ 1-1 

ATIAC>K>r 
VP 09·009 
hgt J Ot 
·~ 

Location: 1.l.et.Jt> 4-+1 W ~cl 4-S ... SO ~ f'.2J:>i.~ J. SLA..\Jq .. u:~~t::> 
l\ '-1'' Depth at Completion: 

. Diameter: ,~~ '' 4 
Approximate Collar Coordinates 

Vert ica1 Angle: V6'Cr. ( '5° \O~.) 

Direction/Azimuth: 

Remarks: ~1"1/-eo:.~ Af.Jc.µo~ ~..,- 4,- };oS~ ( 

AN '"D COf..I"\ ~ '!:> ~ 'l.: ot:F'~ R:l_. 

Signature/Department: 

WP form 2014; 10/15/90 
Page 1 of 1 
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-· .. -

r============================================================================--~k; 
s:x;K OOL~Cli TfSl' 'P~-1- \ ,f ;:· 

JC::k Bolt Noe Pr°'_l3~J-"7 I 

Mine Wl?P Rock "Al..1,tP Ible Wc.atian MH64.j-fq?t,.,L1 

Hole ~ - l\ '.7•· Dia. - @l Anchor 64t6Jl> I@ midp:>int !VA I@ ex>llar ~ 
Orientation - VE.JCT. _S° 1l?L.q.AtdC:E<~ 9.Jkinit 

Bolt Grade - Gizwo Lerqth - l3'-o'' Diameter - ~------
Shell Manufacturer - HIA MOOel - Y/A Diameter - \J/A,, I 

I..erqth - H/A f 
Resin Manufacturer - c~,. n-6 1'tdel - H'2· o'2.o"- oiaireter - 1vi" I 

LerX}th - !'2. ~ ~i~ - ~ 

Installatioo Date - D0113/.,1 Time - \t: IC.~!' Torque - UIA ft/lt: 

Test Date - c9 /1 E> /9 ( T.ine - \: 0 sP~ '!'arque - N/.4. ft/] h 
~t Jack - et:.-G.o•CU !>SA. Test Pl.mp - t:ol'~u-.-cw~-~ ~t.l ?=t7n!~ 
Dial Indicator - M/1Q Cp-0040 calµJra"""""" - f:'Y1r I~ .Li.-ao.1 
Pressure Ga~ - u.s.. uAc.aE l?SI 41- c::it::ot calibrated - O./°'/""' 

I ~'jl.~ \..&/ Extenso-
I~ BolV . 11-eter Displace 
Pressure Tensioo Reac:ti.Iq ment Remarks 

a 
• 
j , 

Alto /?. ~ 
I r;1 

·~~ 11 , 

' , _ _, I-it> - ~ ~-· ' 
'Z.: .. 
'? " ., 
4'lol 

~~ 
~ 

-'1.. - ..._ •• -.... r?.. .r7;.-, 
1.C"" 

~:" 
~"1 

.!·! 

!>'J 
<l!!ID dA·~ -- ,,..?, 

~\ 

it. ._ 

• "" • 
• ~S~JS IC: ·P'~7 -
,,; . '":l"--'ilP lt'""':I J-/ I 

- • I - ,_ , ... 
.. . . ' . .. ~ ~ • .;<_-rL .4 • ~ - qr~ ~ ~ - u~o41A"A-

..... A /\. V')' I ~I dL' :Z.. <171 • ~~ H • 11 
- ,,,.~,/A aJ 

GIP ,\ ,(,.'."'' ~ J,J71 RTT ~ U~I U, •I•- 1 ... ,. 
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l 
t 

w .,,,..... ....... -•• ~ 

~Y!NAL SIZE 
? AA; MJ.13ER 

1l UN. /FMI) 
;~1 (IN. /rrm) 

~z (IN./rrrnl 
R UN. lnml 
D ilN./rrml 
~ DEG. 
~OPJ,(: 8341/ 
Ml~ ~I MIN. llN.!rnnl 
. I MAX. llN./l'rml 

WEiCJiT LBS 

THREADFORM 
SEE NOTES 1&2 

-

16 Z()Tm 
B06U28810 820Ll2&810 
I. 375/3.4. 9 1.625/41,3 

1.250131,a 1.375134.9 
O.U5/Z2,0 1.000125. 4 
\.063127.0 I. lU/30.Z 

14 14 
743 785 

0.730/18.5 .7&V19.9 
0.1.cvia.a • 7~4/ZO. Z 

O.Z7 0.54 

"' '. . ...... . . . .......... I"'• 

SEE NOTE Z 

N 

--
f 7 ~ B01\J2&8 \0 

1.62514 \, 3 t.~/4-4,5 

1.3751~.9 1.~/3&. 1 
1.000125. 4 1. 12c1ze. 4 
1. lU/30.Z I. 313133. 4 

14 14 
744 745 

0.&~121. l 0.974/Z4, l 
O.&UIZZ.O O.™IZS.0 

0.5 0.7Z 

H 
809U28!\0 
l. IZS/S.C. 0 

t.&U/42. 9 
1.2~/3\.8 

1.438136. 5 
14 

74& 
I. 096/Zl. 8 
1. lCU28. 1 

0.89 

FOU 
SY~ 

-f'l7lE 
f tO 

81((.128&10 81 
Z Z50~1.Z z.e 

I 
1.813/'8,0 z.c 
1.419136.0 I.~ 
1.641/41,l u 

14 
747 

1.Z3&/31, 4 1.1 
1.Z52131.I "' 1.ZO 

& --e- l FOR flt, N{) 'M:~$ FOR #0.f 10 lf It CHA.~. 

W.TER~AL: 

AUS"r~..RED tlell.E ~ 
OR CAST STm 
MIN. YIB.0: 100 KS1 
MIN. ~: 120 KSI 
Mlfoi. a. IN z·: es 

TaDJ.'«:fS: 
f~ l'EX1.t£.XZ.R.D: 
.01-0.0~· 

FOR L:+O. 125/-0• 

FOR ¢:11• 

tf:>TES: 

1. ~~ /.J ~IEO WITH EXCBTION C1 
O:>J.£TER !Ml~ ¢J VMCH IS s.ofCff~ ,. TJ 

z. AT BOTH eos C1 t(JJ TlftAifoo.t IS ~u 
ova LAST 1/Z ~ AS FOJ.OWS: I.ma • 
~ IP TO WJJR ' AT Ct'HSlAl(( RADIUS. 

ATTACHMENT S 
OYW!OAG POST•TENSION'.t«i SYSTEUS 

2 Cl~l-10 l.t •. 
s ce-~• u .. 
• OMHI U .. 
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·' ... ... 

1 3/a·e HOLE 

EFOXY RESIN 

DEFORMATION 

1 /t' 8X8 PLATE 

HYDRAULIC RAU 

D 
ROOFBOLT DETAIL 

VERTICAL ALIGNMENT .. (TOL. s•) 
ATTACH+.1ENT 6 

CABLE 



WASTE ISOLATION PILOT PLANT 
SUPPLEMENTARY ROOF SUPPORT SYSTEM 

APPENDIX B 
Destructive Tests 

Westinghouse Electric Corporation 
Waste Isolation Division 

Carlsbad, New Mexico 
October 1991 
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INTERNATIONAL MINING SERVICES INC. 
RETYPED FAX RECEIVED FROM HAMISH MILLEA 

CONCLUSIONS FROM DESTBUCilVE BOCKBOLT JESTS 

The curves of load vs. extension were plotted for the 10 rockbolts that were tested to 1alur1•. 
The points beyond which non..flnear behavior occurred, were noted and these values are given n 
Table 1 below. 

TEST NO. 

TABLE 1 

-vtELD" LOAD BOLT STRESS 
AT '"YIELD" 
PSIX 1,000 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

X 1,000 LB 

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: "Yield" represents the point on the LOAD-EXTENSION curves where the curve departed from 
linearity. (see attached test results). The manufacturers of the Oywldag bolts give the 
"Yield Load" as 47.4 KIPS, which with a cross-sectional area of 0.79 sq. Ins., gives a yield 
stress of 60,000 psi. 

The results thus Indicate that the mode of faDure ls that of boft yield and not faDure cl the 
resin anchor bond. 

There are slight Indications of non..flnearlty In some of the test results, but ll ls 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 yleld stress of 60,000 psi. 



OVV.ICAG SYSTEMS INTE~NATIONAL U.S.A .• INC. 

Bar Size/Grade 
ASTM 

Guaranteed 
per ASTM 

'vg. actual 

TABLE: COMPARISON OF BAR MECHANICAL PROPERTIES 

17/GR 60 
A 615 

#7/GR 75 
f 432 

18/GR 6C 
A615 

Yield Tensile Elong. Yield Tensile Elong. ¥1e1d Tens11e 
Ck1ps) Ck1ps) CS> Ckips) (kips) Cl) Ck1ps)(k1ps) 

36 54 8 45 60 8 47.4 71.1 

.,er mill cert. 42 65 12 47 72 9 55 83 

6/24/91 

ATTACHMENT 4.1 · 
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CEATlFl!D TEST AEPOAT Ct\t~ 
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twOAH AHO klUCl'IHD TO N~I YI 

THll_ DAY------

• ........ Ai -
WY COMM,1lli0H IXMI• - ;.-., 

.,,41 

CHMENT L.2 



\ .. 

• • . ,......._ 

. 
·UNDERGROUND DRILLING HOLE FIELD DATA SHEET 

Olte: 

Room/Drift: 

Purpose of Holt: 

location: 

Depth at Completion: 

. Diameter: 

Approximate -€-o-11 ar Coordinates 

Vertical Angle: 

Direction/Azimuth: 

Remarks: 

Signature/Department: 

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

ATTACM1'tEHT . 8 

A TI AC~ 
WP 09-C 
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LEFT HAND THREAD 

• 
PHYSICAL PROPERTIES 

EFFECTIVE AREA: 0. 79. SO. IN. 
ULTIMATE STRENGTH: 90 KSI ·· 

ULTIMA iE LOAD: 71. 1 KIPS 
. YIELD LOAD: 47. 4 KIPS 

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

AVERAGE CORE ¢: 0.95 IN. 
PITCH: 0. 492 IN . 

.. 
ATTACHMENT 4 

DYW!OAG P~l-TOOON!tG mTEMS 

w.mw_: ~ t--+---+~ 

J.---.-..'lt,_,,., oe,....,,,,·o~.--=-=.~, ,......,... ~~-~::-r:-~~--t. AS'T\f M t5. GR 60 m ----
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Anchoring __________________ _ 
l="TR ODUCTION 

lmrallation of Celdte 
Technilc polre1oter resin car
tridees in rock •nd concrt~ 
h1n·e ranie-d from application 
of short J/4-inch rebar "starter 
bars" into concrete to I JIB" 
diamrter bolts for rock ttin
forcement.. meuurin1 SS' in 
len,-th, ·wei&hing o\·er JOO 
pounds and fuUr embedded in 
resin! 

ANCHORAGESTR~'1GTHS 

To achi~~ maximum 1nchora1t 
!>trtneth ~l'Wttn bolt and COll(Rtt 
or rode., thc diff errnce in Jiamttcr 
htrwccn hole and bolt should he kept 
to 1 minimum. This also in~ura 
hcncr mixinc of both catalyst and 
resin. 

Standard Rebar or ThroJNr holu 
(confonnins to AS™ A-615 
s~cificarions) arr used -.ithout 
further refinement. IXfonnations 
on the bar serve to eff cctively mix 
the cartridce components durin& the 
"~pin-in" or in!-trtion cycle. (SEE 
BOLT SEl..ECTIO:-.i ON PAGE 6). 

Spin adaptors art available from 
~eral manufactur~n. Con!-ulr 
CEL TlIT I TECHJ\1K for SC1urct 
information. 

UNDERWATER A.'1CHORA1 

~r• c.artrid,a c.an ht ar1 
in underwaw anchorarr~ 
catioru over 24 inchn in kn 
hoch concrrtt and rock. 
CELTITE• TECHNIK fot 
sp«ific job nquin~nts. 

APPLICATION EQlllPME~ 

The hole·driDin& tquipmtnt r 
tiontd in this brochurt is sent 
suiuble for spinnin& in bolu. · 
equipment shouldhc rotary per 
si\.·c and have pf'O\ision for inde 
dent roution to maintain JOO 
under load. Under no circurnsu 
should the bolt ht simply pu 
throueh the resin c.artridees u 
proper mixinc c.an result, provi 
for possible anchonKC failurr. 

RESIN ANCHORAGE CHARTS 

1 21 
¥ 
:; " 
f IS 
.!I J 12 

¥ • 
< 

1'D 

1 IO 

.! 

l 
9C 

• 
J 30 

¥ 3C 
< 

T Yrical an.:hol'2ge loadincs • in rcick for point anchortd rocU.Olts U!-td in accordance "'ith the manufac· 
nmr's rrcommendatioru. Intended a~ a iuid~ for site trials, which "'ill t!>ublish the work.in& spccilic.itions 
in the actual KT"ound conditions. •shoMn in Kips (1000 Tbs. = I Kip}. 

-----....... -----..-----.-----::::1"'1 A"I. iOOCI PSI 
SO M:s'mJ 

1---+.---~-----lh...tJJJ.~...C:f------1 Carboni~l'OUI 
hard limcnonr 

A''I· t.ooi.' PSI 
I 00 M.11:.'m J 

o:;.;.r-o::::;...-___,1-------1 Graru1e1 

ilD 30 40 90 IO 

Anract Anch.-ra1t U..dirc • M.uimum (Kipl 

.--------....----.....-----.----........, A"I. ;so PSI 
5~:.1 

1--1-----+----11----~...-::;;....--I Mudf1DM 
SiltHOM 

A•'I· 2000 PSI 
1-+---..;.....,c;;.....--'l----1t--=~ 14 MS!mJ 

A•"t'ra1r 
,;;..~c::;;~-+-----t coal mca.u,. 

Sar.clnone 
J---+........:=:..--+----'1----1-----1 \\'calr. compaictrd 

•hales 

• • • ID 

Roel 11.rtnt:tlu arr ;,, unia.>.·W ~l)tflprrnion rrmos. lnfonna
tic'oo NW on O'Mb condu.·irtl 6)· lmrrrial C'olJ..,r. l..on<lon 
t J91Cll, }. A. Franl.lin. 8.S.C~ M.Sc~ Ph.D. D.l.C. 

IO 

i 
ii: 

l : 1---....f---4--1---.+-
• ~ . 
1· 
r~ 

• < 

··r-~~-+
< 

• • • • 
Anct-acr Lrnca 



• 

• 

\I 

1 

• 

• 

Packagfilg. _________ _ 

·· .. ; ..•. ,, .•.. ~ .... ·:..~ ,..ir-: 
-... . ::.• ' ...... .... , .. ·• .. ·""' -4·•-· 

~--~~-----------~ STORAGE PROCEDL lti ._,L 
Order Cartndce Diameter Pie-ca Per • Weicht Per 

Ca.rt.on · · Carton 

loLct• umiden thould bt 11or• 
in a cool, wcD-~nu1'1rd and d,, ar 
1"-"IY from dirf'Ct sunli,ht. Hi,tl ll'1l 

rcraturt conditions an !Tducr h 
life. Cutridra Mored in mnr 
temrcratum should br •normaliJ.e. 
11 SO. 7~ (or 11 least rwo daYt pr 
to uft 10 pl'O\"i..it dw QP«trd et! limr 

CA>de (I) (Inches) 

2312 .. ~· 

lS/16 
. . ~· ~ i ~- •. ... . so ..... 27.S Iba." 

2812 l 118 JS 29.Sh. 

3212 l 1/4 25 26.S b. 

3512 1 318 20 26.0 !bl. 

4012 1 9/16 16 27 .0 lb&. 

4S12 I 3/4 12 2S.O lb&. 

Minimum shiplTM'nt; sin,k fun cartoN. 
A fun panet contairu 7S c.anons of stanthrd 12-inch c.a.rtri&ies. 
( J) Do not for&et to ~pe-cify &el time (set deKription lot'Ction on pait 5). 

Palleu should noc bt .ucllN. Su> 
rotation ii re.:ommtnlltd 10 !N1 d 
olJtst stoclc is u~ filtl. 

~ 

SAFE HA.'1DLISG PROCEDl "'RI. 

REFER TO 1liE M.4-TERL~ 
SAFETI DAT A SHEET. Do noc ~ 
or puncturt cartriJ&es prior 10 iNcr 
rion. Conttnts o( canrid,c1 may au. 
mil.J iniUition and conian s>.ould ~ 
a\-oided. L1se in adrquatr~· \•tnn'btn 
a~a. .&.\'oiJ prolonetd inlubtion o 
\"ll'Of. E)-t rrot~tion shoulJ a!v.7)'\ ~ 
useJ whrn hohine. Umin contaru it. 
ryrs, nu~h im~Jiately ,.;th li'alCf fo 
11 kast 15 minutes. Sedt ndia 
anent ion. 

Typical Lokset' resin anchor applications 
l ,,... 0 ~ Hole 

Roof bolts in dfrtrsion tunnrL 
Paints,-ilJe Lah Dam, Kenrudy. 

.-'.rmy Corps ofEnrineers, Huntin&ion District. 

)J.. : .'j;_'.: .. :'I;.~.,.. 
: 5'.;,.• •• ~ ... • ••• 
: • I· 1 · . . . IC& • • • l 
! .,, • • : • tr. : · · · 1 
~~~~~~!·i::::::::;;?::::::::::=: ... 

I 

• 

I 114• ~ 
n.r..Au 

' 
11)14•0 
J~ 

Stillin6 Basin Rode Ancllon. 
Smithland Dam, Ohio Rfrrr. 

i , 

..\nnr Corps of Eniin~n. Nulnillt Di.<trice. 
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D-// es.~c..J~ ~ ~Gr~ c..zt.:e. 
GE04ETOWN, KY : 150 CARLEY CT. 4032 

S02/863·6800 
PR1NC£lON. WV Rogers SI I C&per1on AYt 2'7~ 304-42$--7~ 

GRANO JUNCTION. CO. 1•~ Wonttra AYI 11~1 303-2•~7 

INSTALLATION INSTRUCTIONS FOR CEL TITE RESIN CARTRIDGES 
1. l.Aeuu•t •"<'mark drill SIMI,. longer 1Nl'I boll ler>glh. NOit Tht bo<t 

holt sl'\oulC bf 1honentd accord1ng1y w~n he•dtf\ Of th°'k plaits art 
uHO. 

2. lni.e~ rr.:untC: roumbtr of tanrtdgts 11\C plltt DO~ onto lht bHt of tllt 
holt i>tr .. nc tl'le •t11n. 

3 With !ht head of the boll placid firmly ill tht Chuck ol tht bohtr or ill I 
1p1n .. n •••nch. pu1h lht boll into tl'\t l'\olt Slow rotahon is rtcommtl\0-
td bul nol rtqu11tel IOI aeltquale m11ot19 

•·When the boll rHchH just belc-w the roof. stop up..11d movement allCI 
sp.n the boll rapidly 10! '"'' to 1tn seconos. (See nolt for sloper.) 

~- Sloo r:iiatoon and pu$h tllf' boll upward "1\t. lhe tun thrust horn the macnine 
and hold until the resin ..is. 

6. tt the ::iori tends 10 drop Oul ol the l'lolt 1!\er lht chuck or 1dapltr " re~ 
td. somply push II t:.a;k up 1n10 Ille h~t and hold until lht resin HIS. 

9 To a:ll•twe "''"'"'"'"' ~r10<ma.,c1 Hlee1•on of boll d·•~•·· u.,r• 
1)Pf Ind rt•llfd ~ d•l",.:t• art ... ') imponant. C.IUll' IKl\fl 
rtp•tMnt11rves art IVl•la::>lt 10 ISl•ll rn h .. ~ion ol lht cor•Kt Cl 
b1nllt0n al compontnll. b&Hd on ~ic applQhOna. 

11. For applications other 1han tufty grOUltd bolla, C.Mt' ieeM 
rtprn1n1111.-.s will 1nstruc1 mine pt~ntl rn COtTtcl instaftat 
proctaure. 

12 Canridges shOul<: !>e s1or1d 1n a coot. .... 11.ventilaltd ll'ld d") 1ru I• 
from dortel sunlight. H•Q" lemperat.rrt conclihon1 can rtOt.iee wn 

7 NEVER r.-ro1•1e the boh af\er the tonal spon. as damage tc lht panially· of e1nr109ts. Sloe~ ro111oon 11 rtcommeneseo IO that Oldest sroc1 
se: rts•n may occur. ustd first. 

CAUTION: Oo not open or puntlu•e canrodges. Con11.,i. of canridges may cause mild im111r0n and-should bt avo-dtd Eye p<ol1ct1on should 11y.1ys bl"' 
•hen bolling tt rn•n con1ac1s Ille eyes. flush 1mmed111e1y with .. a11r for at least 15 monu1es Ctn 1 physician. 

we bel,.ve thll the information con111neC lle•e1n (w!'li<:h s .. perstelts all prevrous inform11ton on this S1Jbject) is Ir~ and reliable. Wt cannot be held rtspot1'1I 
for any loss. 1n1ury. or damage rpsullong lrom rts use. as. of necenlly. the 1nformahon g•ven is of I general nature, so Iha! users are adviStCI 10 consul! us abc 
tt>eor s.-.;oh; problems. . 

c.n.:e• •itril"llJ thal 11s products. •1 lhf hme of sh.pmenl. conform tc lht- applicablt descrrplior1s here•~· and 1r1- hee from defects in maleroals •""wort.mi 
S"•P 11;0 O'!MER WARRANTY. WHETHEF. EXPRESS. IMPLIED OR ST.ATUlORY. INClUDING ANY WARRANT or MERCHANlABILITY OR FITNESS f( 
A P~RT1CU:.AR PURPOSE SH.All EXIST IN C0Nll;ECTION WITH THE SA.LE OR USE OF ANY CEL TllE' PROOUCl, A.ND All SUCH WARAA .. TIES Al 
MEF<EBY EX?RESSLY EXCLUDED. 

IN Nv EVENT SHALL CEL llTE' BE ll~BLE FOR INJURY TO PERSON OR PROPERTY. LOSS OF BUSINESS OR PROFIT ON ANY OlHEA OIAEC 
l"lOIRECT. INCIDENT.AL. SPECIAL OR CONSEQUENTIAL DAMAGES. 

I.: S Pelt": Nos ~731791. 2S1$297 C•··•=• ll;c 872075 Oir>t-• World Pa1tn1s. oc.oo. 
°'·1&· 

' 
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The Loksef Polyester 
Resin Cartridge Anchor Syste::;t 

This srstem 's s1·mplicity of 
application enables bolts 
of \'arious lengths to be 
anchored and grouted in 
one easr operation, M·ith 
no need for injection 
equipment. 

Thr Crltitt Trchnik systtm con· 
sists of an U$ily handled "camidee," 
cont.ainine a hiehly rrinforcrd poly· 
estrr resin component, toeether v.ith 
iu catalyst, in accurattly mra~ured 
quantities. Tht comronrnu arc iso
latcd from each other ho,· a pn)'1'ica/• 
chemical barri~r which prrvrnu 
rtaction bctwrcn tht comroncnts 
until rtquired. The cartriJecs arc 
sau!-iet ·~harcd and dr~i~eJ for 
rapid inM"nion into a ranee of bore 
holr sizes, where they may~ readily 
rushed to the cxtrcmir.,· at any anele 
above or below the horizon. There· 
fore, optimum bolt an.:horaee in a 
v.idc ranee of rock or concrete 
streneths is easily achieved simpl)• by 
adjustin& the leneth of the resin an· 
chor :one. 

No rca•tion ukes place until the 
roof or rocU.Olt is rotated throueh 
the canridee. mi.xin& the compon· 
rnt.( and initiatine the curine action. 
Thr chemical naturt (thixotrop-,') of 
the Loe bet' canridec all01A'5 the 
contcnu to be easily mixed yet 
minimi:es resin displacement aher 
mixine is complete. 

The mixcd resin toully fills the 
area (annulus) around the bolt, 
which for standard .. point" anchor· 
aecs v.ill he firm!)· bonJcd to the sub· 
strate and bolt v.ithin minutes. 

The ~nine time of the resin 
comronenu can be controlle-d. A 
coml-ination of fast and slCM··~ninc 
canriJ~s makes pouil-le rhc simul• 
taneous ortration o( anchorin1. 
(!_outine and tensionine a rockl-olt. 
The simrlicity of this method of 
anchorine 'eroutin1 eliminates the 
nrcd for cumbcuome injection 
equipment. 

APPLICATIONS 

• Rock boltin1 in mines and 
tunnels. 

• Permanent rock reinforcement 
on hi&hwa')' rock cuts, dams 
and unde'iround rock nruc• 
tures (power-houses and ma• 
chinel"')' ialleries). 

• lntt'iral ties between rTinforced 
concrete and rode faces abo,·e 
or below water. 

• Vibration tt!'istanl anchora&es 
for attachment of .. critical" 
equipment to concrete or rock. 

• Anchora&e (or electrical trans
mission towers. 

• Vplift anchora&es for near sur• 
(ace structures. 

• Immediate posMensionin1 o( 
sted reinforcements in rock or 
concrete structures. 

ATTACHMENT 3 

ADVANTAGES 

Accuncy. All Anchoraacs can"°" 
be accurately Juiincd ~ith Ctltitt 
Tcchni1' resin~ ha,ine rerroducibk 
stren&th characteristics. 

Sree-d. ~ fast·seninc lok.~t• IT· 

sins enable rapid instaDation to bc
carried out, a sienif'Kant aJ,•antal' 
in the area of tunnel boltin& and rod 
slort stabili:ation. Arfilication ol 
load can ~ compktcd v.ithin m.i· 

nutes. 

Permanence. The rc~in~ protc•"t tht 
eml-cdJed bolt from COl'TOsion Jue 
to acid-bcarin& v.·ater, sea or erc>und 
\\'atcr. Atmosphere is precluded from 
the bore hole, rre\'tntin& further dt· 
tcrioration of the strata. 

Safety. Millions of Lol.<oet~in 
anchon arc U!ioed CYCI'\" year. rl· 
ical jobs such as roof su~ or 
rtrmanent rock reinfor•ement in 
mines, tunnels anJ foundations. 

\'ibration. Celtitr Tcchnik an...~ 
are not affected ho,· \ibration and n-· 
quire no rctemionine C'\'en aher c~ 
proximir.,· blastin1. 

StJ'Css·free. No internal stresses are 
set ur in the rock or concrete ho,· min 
anchors. 

TECHNICAL SER VICE 

Celrite Tcchnil.: is 3\-ailat-k to di!oCUu 
v.ith you both insullation techni.p!s 
and the $election o( pr~r l..oLc1 • 
canridees for your rrojttt. Our field 
representatives arc rca~· to m~· 
your applications and help ')"OU ''" 

Jc\"clop succes~ful, economic 
anchorine systtms. 
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SECTIO~ • - PRODUCT IDENTIFICATION .~D USE 

MANUFACTURER: CELTITi TECHHIK USA 
lSO CARLEY COURT 
GEORGETOWN, KY 40324 
(502) 863 - 6800 

CANADIAN CONTACT: FOSECO CANADA 
GUELPH, ONTAR 

MANUFACTURERS IDENTIFICATION CODE: 
20,3S,37,40,4S,S0,70,90,0204,05l0,lS30 
PRODUCT NAME: LOKSET POLYESTER RESIN CARTRIDGE 
CHEMICAL FAMILY: Polyester Resin & Catalyst 
PRODUCT USE: Anchoring Compound 
WHMIS CLASSIFICATION: Class o, Division 2A; Class B, Division 3 
------------------------------------------------------------------

SECTION 2 - HAZARDOUS INGREDIENTS 
ACGIH/OSHA TLV NTP I 

INGREDIENT i TWA ~ CARC CARC ~ 
Polyester resin 10-30 N.E. N.E. NO NO N 

CASI !LR. 
Styrene monomer S-10 SOP lOOP NO NO 2 

CASI 100-42-S 
Benzoyl Peroxide • S-1. S SM N.E. NO NO N 

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

CASI 471-34-1 
Propylene Glycol .S-1.5 N.E. N.E. 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 Oetermir 
CARC- Carcinogen N.O.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 Communicatlc 
Standard (29 CFR 1910.1200) and the Canadian Workplace Hazardous 
Materials System (WHMIS). In addition, other ingredients not 
'Hazardous' per these standards may be listed. 

SECTION 3 - PHYSICAL DATA 
APPEARANCE: Tan or black resin mortar and white paste catalyst in 
plastic package. 
ODOR: N.A. 
PERCENT VOLATILE: 11 
VAPOR PRESSURE(mmH9): 
VAPOR DENSITY: 3.6 as 
BOILING POINT: 293F 
pH: Acidic 

ODOR THRESHOLD: 0.1 ppm as St~ 
SOLUBILITY IN WATER: N.A. 

4.S @ 20C(Styrene)SPECIFIC GRAVITY: 1.75-1.l 
Styrene EVAPORATION RATE: N.O. 

FREEZING POINT: N.O. 

PHYSICAL HAZARDS: Organic peroxide; 
COEF. OF WATER/OIL OISTRIBUTIC 
Combustible Liquid 

LOKSET POLYESTER RESIN CARTRIDGE PAGE l OF 4 
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SEC ·oN 7 - PREVENTIVE HEASURr· 

SPECIAL PROTECTION INFORMATION: 
RESPIRATORY: Use HSHA (NIOSK) approved respirator lf appllcatlon 
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 clothin9 to minimize contact with skin •. Wash 
contaminated clothin9 before reuse. 

SPILL OR LEAK PROCEDURES: 
SPILL: Ventilate area. Remove all sources of ignition. Absorb vlth int 
material and collect. 
WASTE DISPOSAL METHOD: Dispose of in accordance with Federal, State, . 
local re9ulations. 
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 well-ventilated area. 
OTHER: Since the product ls a sealed cartridge, handlin9 hazards are 
minimal unless product ls damaged or misused. 
SHIPPING INFORHATION: 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 
effects persist. 
-----------------------------------------------------------------~~-

SECTION 9 - PREPARATION DATE OF MSDS 

Revision date: 12/11/89 
Previous revision date: 
For further information 
Phone number: (502) 863 

SUPPLEMENT: 

01/01/89 
contact: 
- 6800 

HAZARDOUS INGREDIENTS Continued ••• 

Leo Hickam 

The follovln9 chemicals are subject to the reportln9 requirements of 
Section 313 of Title Ill of the Superfund Amendments and Reauthorizat 
Act of 1986 (SARA) and 40 CFR Part 372. 

Chel\lcal Name 

Benzoyl Peroxide 
Styrene 

LOKSET POLYESTER RESIN CARTRIDGE 

CASI 

94-36-0 
100-42-5 

PACE 3 of 4 

Maximua 
! ~Weight. 

1. 5\ 
10.0\ 



7.2.9 

7.2.10 

7.2.11 

D£SllUJCIIVI TESTING Of RF.SIN &iQiCES 

Page 6 of 7 

7 .2.8.l For the purpose of destructiv. testing, 
failure is defined as an increasing or 
continuous deformation ""ith no increase of 
the applied load. 

Terminate testing. 

Remove equipnent a.rd ?ill b6lt froa hole, if possible 

C.OOtiruJe testing of the next installation. 

8 .0 TEST DATA. lllllSIRAIIONS A.'SJ) REPORTS 

8 .1 'nle data sheet form (Attacl-.nent 7) shall be filled out for each 
test bolt installation. 1he data sheet shall be keyed to match 
the rock anchor pull test n.amber (PTum:ldyy-t'/). 

Qr\ Verification: ~~,.c.h <"" 

8. 2 Each test shall be identified by rock o.nchor number &nd plotted 
on an appropriate scale. Each data point shall be plotted with 
the horizontal (x) axis s~i.ng displacement "'hlle the vertical 
(y) a.xis indicates load. 

8.3 Photographs of a typical rock &nehor installation shall be 
refE:renced to the rock anchor test number. 

8 .4 A report sh.&11 be prepared by Hine Enginet:rill6 sl.llllJl6Iizing the 
test results and certifyill6 the installation procedures and 
resin/rock GnChors that Nive been tested and approved for 
installation at the WIPP. 

8.5 The results will be used as basic inpJt data in the design of the 
supplemental support systeJD proposed for Room l, Panel 1. 
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DESllWCIM TESTING Of RESIN ANOiCES 

.&~ 
D. Galbraith, Senior Engineer 
Mine F.ngineering 
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~BY: 

J. A. Gonzalez, Cogrlizant ....... ,L,..,., 
_Mine F.ngineering 

S. C SE:thi, Manager 
Mine F.ngineering 



6.5.2 

6.5.3 

6.5.4 

,.. 

DESmocIM IF.SIU«i OF Rf.SIN A.'iQQS 

Page 4 of 1 

Hold bolt in the hole and hold until the resin set.a, 
approximately for two (2) to four (4) 11.i.rutea. 

Threadbar should have approxiaately eighteen (18) 
inches of thread protruding from the hole in it.a final 
position. 

'Ibore>u&h mixing of the resin ingredients is essential. 

6.6 There is to be a waiting period of at least twenty-four (24) 
hours between resin/anchor activation and destructive test~. 

A waiting period assures that the resin has cured ard ii 
approaching its ultimate strength. \ooben fully cured, the resin 
develops a compressive strength of 14,000 psi and tensile 
strength of 5,000 psi or more. 

QA Verification: "2h"L--Pe'4 "" - ...._.,,/"' 

1.0 PULL TEST INSJRUCTIONS 

7.1 Preparation for tests 

7 .1.1 All i.nstn . .11Dtnts t.nd devices used for measuring or 
recording loads or deformation during the testing shall 
have been properly calibrated with tags affixed 
indicating c.slibration due date. 

7 .1.2 Prepare data sheets. Applicable information ard test 
data shall be recorded on data sheets, Att.acluent 7. 
See Section 8 for QLa. verification. 

7 .l.2.1 Record at least the foll~: rock bolt 
number (i. e., P'I'lmddyy-#); mine; rock type; 
hole location; orientation; hole length 6n:l 
diameter; bolt grade, length, and diameter; 
installation date an:l ti.me; test date 6n:l 
ti.me; resin type, man.ifacturer, n.uber of 
res in cartridges; and, identify test 
equipment by serial number and indicate 
calibration due date. 

7 .1. 2 . 2 Measure the hole length &rd record. 

7 .1.2.3 'When testing is complete, subnit the data 
sheet to Mine F.ngineer~. 

7 .1. 2 .4 \.'hen testing is complete, sul::mit WP Fona 2014 
to Mine Fnginee~, Attachment 8. 



7. 2 PUlL TEST 

7.2.l 

DES'IJUCTIYE IF.STING Of IU:SIN ANC21CES 

Page 5 of 7 

7 .l.2.5 Mark the final depth of the threadbar at 11 
feet 6 inches with l inch tolerance from the 
anchor em and record. 

7.1.2.6 Estimate hole orientation and rougluies1 
(i.e., vertical and smooth) and record. 

Install a bearing plate against the rock followed by 
placing the ram over the threadba.r followed by another 
bearing plate and load cell and bearing plate, and 
finally torque the anchor n.at. 

'The anchor n.it shall be tightened to the marufacturer's 
recoam=rded torque values (150 ft-lbs to 300 ft-lbs). 

7.2.1.l Fasten safety chain or cable to all equii;oent 
"'-eighing more than 10 lbs and anchor to 
adjacent rock bolt plates. 

7. 2. 2 'The ra.m Glignment should be near p&rallel to the axis 
of the tested bolt and l>'ithin the limits allowed by the 
inst.al la tion. 

7 .2.3 Make hose connections froo the hydraulic p..imp to the 
ram. 

7 .2.4 «\. Make 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 Attach a magnet lllOUJlted dW iidicator gauge on the ram 
with the point set in place on the bolt or to a fixed 
reference point in the salt. Adjust the dW Wicator 
gauge to zero. 

7 .2.6 Test loading shall contin.Je to be applied starting with 
1,000 lbs and increased by 1,000 lb increments up to 
40,000 lbs. Loads are to be held for approximately one 
(1) min.ate before recording the load and deformation 
data. Record the test data, Attacbnent 7. 

7.2.7 From 40,000 lbs, the load shall be applied in 500 lb 

7.2.8 

increments. While approaching failure, data readings 
may be taken more of ten. 

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

.. -.., 
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DESllUJC'II\'E TESTING or RESIN MQQS 

Page 2 of 7 

rut HAlllUALS 

Resin: Cel tite Lockset Polyester Resin C-a1"'tridge O'k 
High Viscosity, Code (H) -~ ."\\ 
Gel Ti.me, Two·to·Four MiIJ.Jtes Code (90) oto4' •• 1 
Cartridge, 3212 

QA Verification: l:t1 ~ 
For additional infot'lll!ition refer to Attachnents l, 2, and 3 for 
Material Safety Data Sheets, installation instructions, and 
product infoillllation. 

4.2 Tt:ndons: Dywidag Post-Tensioning System 
fJa TiiREADBAR (UiT), ASDI A615 ~ 60 
Fl.ill l.DAD AN~ NUTS FCR ~E 60 IBREADBAR 

QA Verification: /1l~f 
For additional information refer to Attacbi>ents 4 and 5. 

5. 0 TEST EQ.GlPMENI AND IESI RF.Ql(IRDlENIS 

5.1 A minhrum of ten (10) rock anchors shall be installed, and loaded 
to failure. Initially, only one set (of five) roclt anchor 
installations shall be tested in any given twenty-four (24) 
hours. The load will be recorded all the 'lr.ay to failure. 

5.1.l 

5.1.2 

The failure mode is to be determined by p.Uli.ng tendons 
completely of the hole. 

For the p.irpose of destructive testing, failure is 
defined as an increasing or conti:ruous deformation with 
no increase of the applied load. 

5.2 There is to be a '"8.iting period of at least twenty-four (24) 
hours between resin/anchor activation and the coumencement 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: ~~ -< .__, 

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

QA Verification: ~ ~ 
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DESTRUCTIVE TESTING Of RF.SIN ANQQS 

Page 3 of 7 

S.4 Installation of properly calibrated Geotechnical instrumentatica 
111ay be used where required. 

S.S All instn.iments a.rd devices used for measuring or recording loada 
or deformation during the test shall have been properly 
calibrated with tags affixed inlicating calibration due date. 

QA ~erification: ~~ 

6.0 DRillING At'SJ) ANQUURESIN INSTALIAIIOO INS'IRUCTIOOS 

6.1 Drill each test hole as per Attachment 6 in accordance with 
applicable sections as prescribed in \.'P 04-220 and provided by 
factory representative's inst1"UCtions. 

6.1.l Test hole locations shall have not less than four (4) 
feet spacings. 

6.1.2 . 

6.1.3 

6.1.4 

The 1-3/8 inch diameter bits shall be sauged prior to 
drilling above Anhydrite "b". Gauging assures the 
ann.ilar tolerance needed for a mini.num bond length of 
three (3) feet. 

Holes shall be drilled to a depth of 11 feet 6 inches 
with 1 inch tohrance, for test p..irposes only. 

The ~rpendicular hole tolerance shall be 5 degrees as 
shown on Att.schment 6. 

6.2 Initially, only one set (of five) rock anchor installations shall 
be tested in 6rl'J given twenty-four (24) hours. This may be 
changed subject to improved installation performance gained by 
experience and signed by cognizant engineer or lds designee. 

6.3 Resin and threadba.r will be in.stalled in accordance with the 
maruf acturers • recoamendations. A manufacturer• s representative 
will be present during resin/anchor installation and destructive 
testing. 

6 .4 Insert required ?UDber of resin cartridges (3 minlaum) through 
plastic or steel pipe and fed into the erd of the hole. The resin 
is then followed by the threadbar with spin adapter. 

6.S 

Cc.re DUSt be taken to avoid rupturl:ng the resin cartridges. 

Start rotation at about SO qa or 1110re a.rd gradually insert the b(._ 
threadbar bolt into the resin cartridge to rupture the cartridge. 

6.S.l Advance threadbar bolt at an approximate rate of 2 to 4 
inches per secord or as recomnetded by the f actoty 
representative • 

.o.., T. ~uA.1 c... J.. ~"~ ~q_ .. ,J ,..(..C.>~ A ... o p,,,_ C?..~, Tt~:-<wc 
~ • • c_ ,. .• • .... , ~ " ~ -r"' f! ~ ... ll a ~ "C" o fl f! I.,.., s «! II. ~ t '? \ • F., " ._ b -6. I 
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I>ESJRUCIM TESTING Of RESIN ANOQS 

Page 1 of 7 

1.0 S@.fi 

A representative= sample of resin anchored Dy-.idag tendons will be 
pull tested to destruction. This will be •chieved by install~ 
the rock anchors in Roca 2, Panel l in conditions as similar to 
those in Roaa 1 as possible. The results 'Will be used as basic 
inp.1t data in the design of the supplemental support systea 
proposed for Room 1, Panel 1. 

2 • 0 OBJECTIVES 

'nle objectives of the destructive testing are e>...--pected to yield 
results that: 

o provide data on both the mode and load at failure of the 
halite/resin/tendon bond. 

o establish the allm;able design load for the rock anchor 
system. 

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

0 cneck for interaction effects beO.-een rock anchors. 

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

3.1 Personnel Safety - All personnel participrating in or observing 
destructive testing shall be properly equipped. 

3.2 For the safety of observers, personnel. not actively participating 
in the destructive testing are requested to stay outside the 
designated work area. The bourdaI'y for a designated work area is 
to be established at least fi.£ty (SO) feet lniBY. 

3.3 During the performance of the destructive tests, safety chain or 
cables shall be 6ttached to each item of test equipaent "Weighing 
more than 10 lbs. that may be violently released or fall as a 
result of testing. 
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GEOTECHNICAL DESIGN SUMMARY REPORT 

1.0 INTRODUCTION 

The purpose of this report Is to provide the geotechnlcal basis for the design of a 1ystem '"" 
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 11 an underground laboratory........., 
for the study of gas generation from CH TRU radloacttvt waste (Molecke, 1990). lNI 
research program, called the Bin Scale Testing Program. ls under development at the preserc 
time and the experiments are expected to start In the second half d 1991. Room 1 ol Panel 
1 Is currently 5 years old and must remain accessible for. a further 7 yeara In order to 
support the bin scale testing program. 

The Geotechnlcal Design Summary Report Interprets the geologic and rock mechanics data 
presented In the annual Geotechnlcal Field Data and AnaJysls Reports (US DOE. 1991a; US DOE. 
1990) and other occasional reports (US DOE. 1991b) and presents the geotechnlcal assumptlona 
that have been made for the design. _!he geotechnlcaf Investigations at the WIPP art 
comprehensive and provide detaDed Information on the site conditions that Is not typlcaly 
avaRable for an engineering design. This has enabled a phenomenologlcal model to be 
established that explains the performance of openings. This model establishes the 
mechanisms that must be addressed by the design d the support system In order to control 
the roof conditions In Room 1, Panel 1. 

Following the collapse on February 4th, 1991 of the roof In the Site and Preliminary Design 
Validation (SPDV) Test Room 1 that confirmed the concerns raised by the Geotechnlcal 
Engineering Section concerning the capabDlty to maintain the Panel 1 room for the period d 
the bin scale tests, a panel of Geotechnlcal experts was formed to evaluate the llf1 
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 llkely to have 
a total IHe 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 (US DOE, 1991b). The most current geotechnlcal field data ft,.,..., 
this room does not Indicate that Its geomechanlcal performance differs slgnlflcantly from 
that observed In SPDV Test Room 1. On this basis, the remaining life for Room 1 as 
currently supported ls 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 w~ 
assure continued use of the rooms over the period ol the tests. They also Indicated that 
the measures should be augmented by a monitoring program that would regularty assess the 
geomechanlcal conditions and that maintenance should be carried out as a routine acttvtty In 
the rooms as they aged. 

1 
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Ste lion: 

\ 

Station: N-1372 Mex he11ht· n/• 
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FIGURE 2.3a GEOLOGIC CROSS-SECTION OF PANEL 1, ROOM 1 
View West 
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FIGURE 2.3b GEOLOGIC CROSS-SECTION OF PANEL 1, ROOM 1 
View West 
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The lhear strains art shown In Flgur9 5.1. TMy buld up wlh tJmt u creep occurs under 
relatlvely constarc compreuNe ltreaa In the lnvnedlatt rod beam and the ccnour1 al 
effective strains Indicate potential falure planet. These planes are conalatent with the 
fracture devel~ that occura In the rod al excavatJona with time. 

15.3 STRESSES AROUND ROOM 

Prior to excavation, the strata at the reposllOf'Y horizon are subject to an In altu atreaa 
field that Is uniform In all directions and has a value al about 14MPa (2000 pal) which la 
equivalent to the overburden loading. lmmedlately the excavation Is made, the atre8S81 
ad}ust to an elastic distribution. Of partJcuar 1mpol1ance are the high shear stresa 
concentrations that develop In the comers al the excavatJon (Miier, 1991 ). These may 
provide Incipient fracturing that later develop Into discrete fracture planea. With time, 
the stresses In the Immediate vicinity al the excavation reduce due to stress relief as the 
satt moves Into the opening. The excavation disturbs the stresses and the redlstrfbutlon 
continues over time dependent properties al the salt The principal maximum and minimum 
stresses Induced at 0, 3 and 5 years following excavation are shown In Flgurea 5.1 O and 
5.11. 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 ls formed. The Mar1<er Bed 139 modifies the structural performance of the 
floor and the anhydrite 'b' effects the stress dlstrfbutlon In the rod. 

In the floor, the Mar1<er Bed 139 acts as a stiff unit which does not exhibit time depender"t 
behavior. The variable elevation In the upper boundary of the Mar1<er 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 (U.S. DOE 1991b) at the 
Geotechnlcal Expert Panel Meeting The satt above and below the Mar1<er Bed wDI deform with 
time and depending on the slippage between the satt and the anhydrite wDI maintain high 
compressive stress Into the Mar1<er Bed. These high stresses may cause brittle fracture of 
the Marker Bed 139 and Its faDure 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 wRI not support shear stresses, and this Isolates the Immediate 
roof beam. The plastic flow of the clay ensures that high shear stresses cannot develop at 
the Interface and the low bond strength between the clay and the salt leads to separation at 
the Interface. Once the Immediate roof beam becomes Isolated, the lateral movements of the 
pntars maintain the lateral stresses In the beam. With time, the shear strains buDd up In 
the beam and eventually result In the development of falure along particular surfaces. 
This faDure Initially occurs at room mid length. The localized 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 compressive stress. The faDures propagate In the 
longitudinal direction, gravity effects take over, and the weight of the unsupported section 
of the roof spanning Increases. AJ. some crltlcal length, the strength of the beam cross 
section Is exceeded and the roof fals as a unit 
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1.0 PERFORMANCE REQUIREMENTS FOR SUPPORT SYSTEM 

A geoteehnlcal design basis has been developed from the dlscuaslona presented In StctJon 5. 
The design provides a system support of thl roof In Room 1, Panel 1 to meet the functlonll 
requirements described In Section e. 1. The geotechnlcaf design basis II as follows: ,_, 
o The support system ahall support the weight of the detached rock wedge that fonna In 

the roof as a resUt of the developrner-« of low angled fractures from the ribl. 

o The support system shall accommodate vertical movementt of the roof that lndude both 
differential and total dlsplacementa. 

o The support system shaR accommodate lateral shifts 

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

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. The estimate Is based on the observations of the rock fal 
geometry seen In SPOV Test Room 1 and the Interpretation contours of shear strain In thl 
roof (Miier, 1991 ). The wedge geometry consists of an arched or triangular shape that 
forms from low angled fractures starting at the the ribs whose propagation Is bounded and 
controlled by the bed separation occurring at the Anhydrtte 'b'. 

VERTICAL MOVEMENTS 

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

The total displacement has been taken as 38mm per year (1.5 Inches per year) vertical 
lowering of the roof at midspan. The diff erentlal movement Is taken as the difference 
between displacement of the roof at mid span and that close to the ribs. The diff erentlal 
movement to be accommodated by the design has been taken as a maximum of 25mm per year 
(1 Inch per year). Roof displacements are not afways a maximum at mid span. Once 
fracturing becomes vlslble In the roof along one rib, then the field data shows that the 
roof deforms asymmetrlcaJ with one side lowering more rapidly than mid span or the other 
side. 

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 dlff erentlal displacements 
have been observed up to 15m (SO feet) Into the roof at strata changes particularly the 
clay /salt contacts. The largest shifts are found at the clay /salt contact below the 
Anhydrtte '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 (0.5 Inches per year) and bed separation of 25mm per year (1 Inch per ye&I) 
at the clay /salt contact below the Anhydrtte 'b' layer once the bond at the Interface Is 
disrupted. 

7 



Observations of the performance of these rooma hlvt been rcuinlly madt OYW tht put t1gt1 
years. They have established room performance In terms of room closurl. rock rnovemeru and 
the development of fractures In the Immediate vicinity d openings (US DOE, 1 QS; US DOE, 
1990; Cook and Roggenthen, 1991). SPOV Teat Room 1 has provided the most complete plct\M1 
of the structural performance of an excavation. Measurements were taken In this room rNfK a 
period of almost eight years, from Immediately follCMing kl excavation untl a major roof 
fall occurred. Different stages In the perf onnance of the room can be related to la 
roof /ftoor closure history (see Flgure 5.1 ). Other rooms are showing the same genenll 
behavior but none others (outside ot the SNL experimental area where different conditions 
exist) have yet faDed. SPOV Test Room 1 provides the most detaled example of tht 
performance that can be expected from other rooms having slmlar geometriea. 

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 pr1marly based 
on the performance monitored In SPDV Test Room 1. Its various stages are shown In Flgure 
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 slmDar 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 1 Is based on the control of the conditions Identified by 
the model. 

5.1 ROOM DEF OR MA TION 

Rooms with slmDar geometries have shown relatively consistent deformation characteristics. 
Although actual magnitudes of the room closures show a range of values. The varlabDlty In 
the closure rates Is demonstrated In Table 5.1 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 simDar geometries. 
The highest closure rates appear to be related to the rooms closest to the barrier pDlars 
and are lower In the middle of panels and at the solld abutments. At present, no 
correlation has been established between closure rate and variables such as excavation 
sequence and variations In stratigraphy that might explain these differences. 

The changes In roof profile have been correlated with time, based on data from SPOV Test 
Room 1. The room deformation Is 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 SPDV Test Room 1 has been measured In other 
locations within the facDlty, and may be considered typical of the performance In the wider 
spanned excavations at the WIPP. 



1.2 AOCK DEFORMATIONS ABOUT ROOM 

AELP DATA 

Deformation measurements show that the rock mass defonna with lime and that rock mc>Yry· 
generally reduce with distance from an excavation surface although thlt behavior Is modlfte · 
at strata lnterfacea. Movements occur both normal and parallel to excavation surfacea. In 
particular, the Anhydrite 'b' In the roof and the Marker Bed 139 In the floor are associated 
with relatively large vertical and lateral deformatlona. Typical Inclinometer data from a 
room cross section are shown In Agure 5.3 covering the period from 1983to1987. Flg1n 
5.4 provides the data for roof extensometera. 

Bed separation has been Identified at the Anhycfrfte 'b' In the roof after approximately 
three years. Vertical separation at the clay/saJt Interface beneath the anhydrite 'b' 
appears to Increase at a rate of about 25mm per year once the bond across the Interface II 
broken. 

The geotechnlcal data show that the roof and floor d an excavation act as a series d 
flexing beams separated by zones or planes across which lateral differential mov~ 
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. 
lntertaces. Lateral shifts In the roof Indicate that beam ftexure was stll 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 measured In the Immediate roof beam. five years after excavation. These rates d 
movement have been confirmed by the monitoring of lateral displacements In old excavations 
(U.S. DOE, 1991a). Rock deformations about a room also Is governed by fracture 
development. The typical fracture development observed In the wide excavations Is shown In 
Figure 5.5. The most significant fractures are low angled shear fractures develop at the 
rib/roof Interface of excavations. In SPOVTest Room 1, these fractures became sufficiently 
persistent and continuous that a detached wedge formed In the roof of SPDV Test Room 1. 
This wedge fell eight years after the excavation of the room. Precise surveys of the roof -!,, 

In SPOV Test Room 1 following the rock fan are shown In Figure 5.6 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. 7 as of the summer 1991. 

MODEL DATA 

Roof /floor closure for the model Is compared with the field data In Figure 5.8. Roof /floor 
closure rate Is 0.1 m per year (4 Inches per year) and does not vary significantly with 
time. This Is probably due to the limitations of the steady state of the creep law used for 
the calculatlons. A more sophisticated constitutive law that Includes transient creep 
effects has been developed by SNL and wood provide a more accurate simulation of the ear1y 
time performance of the excavations. 

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 model Is compared with the field data In Figure 5.8b. The model also shows that bed 
separation Is occurring at the day beneath the Anhydrite 'a' layer. This Is not conslstn 
with the field observations which do not Indicate bed separation at this level. Further 
Investigations of the performance at this layer are required. 
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The mect.nlcll rtspOnM cf the ult at the·WIPP hu been characterized by I steady state 
creep law that wu developed In thl eatty 1980'1 by laboratory creep testt on the Salado 
salt (Hansen, 1979; Hansen and Mellegard, 1979; Hemnam et al, 1980). Thia constJtutlve 
law relat11 crHp strains to stress and temperature. The relationship lgnorea tranllenr 
crHp eff ecta that wl lnftuence earty time defonnatlont and does not Include dlatlon of 
the aatt that wll occur when the rock It aubJect to deviatoric stresses and low confining 
pressurea. The steady ttate crHp law hu been used In the model studies to establlah 
predlctlonl of the structural performance of the opening&. 

Field observations at the WIPP (Cook and Roggenthen. 1991) and In the Car1sbad Potash 8uJn 
{Greenwald and Howarth. 1938) have shown that the brittle behavior of satt under devlatoric 
stresses with low confinement can be a slgnlflcant factor contributing to the mechanical 
performance close to excavations. This brlttle behavior of salt Is generally not 
characterized by laboratory studies, and therefore, the constitutive law developed to define 
the creep behavior of salt at the WIPP does not Include fracture development or rock 
dDatlon. The evaluation of performance must take Into consideration the limitations of the 
constitutive law applied to the sail Provided that these limitations are understood, and 
the structural responses of other stratigraphic zones are proper1y modelled, It wl1 bt 
possible to establish useh' 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 Helms 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 (135 lb/ft""3), the Initial stresses at the repository horizon are about 14 MPa (2000 
psQ. 

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 {Wawerslk and Stone, 1986). Although 
data Interpretation was difficult, It was concluded that the virgin In situ stress state at 
the WlPP Is approximately unfform In all directions and that the stress magnitudes 
correspond to the weight of the overburden. This conclusion confirms, the assumptions used 
for design purposes at the WIPP Project (US DOE, 1986). 

5.0 STRUCTURAL RESPONSE OF EXCAVATED ROOM 

Field observations form the basis for a phenomenologlcal 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, havl1 
been constructed In March and Aprl, 1983. The rooms have the same size and shape as those 
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,(13 feet} width 
of 1 Om (33 feet), and a length of 91 m (300 feet). The rooms are separated by 30m (100 feet) 
wide pDlars. 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. 
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TABLE 5.1 CLOSURE RATES BY TIME SINCE EXCAVATION 
VERTICAL CONVERGENCE DATA 

DATE OF UCAVATION I 
llOOft 

EXCAVATION COHf'LETED TO 
AT INSTIMIENT FINAL DIMENSIONS 0-1 

f'ANEL 1: 

ROOft 1 JUNE 1986 AUGUST 1986 4.13 

ROOf'I 2 NARCH 1987 MARCH 1988 3.02 

ROOf'I l FEBRUARY 1987 NARCH 1988 1. 60 

ROOft " FEBRUARY 1988 MARCH 1988 8.33 

ROOft s FEBRUARY 1988 MARCH 1988 9.19 

ROON 6 FEBRUARY 1988 NAY 1988 8.36 

ROON 7 MARCH 1988 MARCH 1988 9.26 

SPDV: 

ROOfC 1 Af'RIL 1981 APRIL 1983 6.79 

ROOfC 2 NARCH 1983 MARCH 1983 7.69 

ROOfC 3 NARCH 1983 NARCH 1983 7.59 

ROOfC " APRIL 1981 APRIL 1983 5.70 

Motes: Cloaure r•t•• in inches/y .. r. 
v .. r is det•r•tned fl'09 det• of ••c•vetton •t tnstrUllent. 
( > bt1Mted besed on l•H then - full yeer of det•. 

1-2 

4.26 

6.71 

9.85 

3.14 

2.76 

3.41 

3.22 

3.75 

3.16 

3.65 

3.18 

l ) 

YEAR . 

2-3 3-4 4-5 

4.60 3.24 (3.57) 

3.33 2.26 

3.34 2.71 

2.56 
I 

2.28 

2.76 

2.70 

2.93 2.88 2.85 

2.39 2.19 2.14 

2.64 

2.65 2.33 2.13 

5-6 6-7 7-8 

3.36 4.70 12.77 

2.33 2.74 2.87 

2.33 2.42 2.31 



2.0 STRATIGRAPHY OF REPOSITORY HORIZON 

The proposed underground storage facllty Is located 655m (2150 feet) below the surface In 
bedded salt of the Permian Salado Fonnatlon. A generallzed stratigraphy showing the 
facllty level Is given In Figure 2.1. Over 300m (1000 feet) of Impermeable evaporttlc 
deposits separate the facllty horizon from the over1ytng sedimentary rocks and 820m (2000 
feet) of evaporltes ne below the facllty 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 polyhallte and anhydrtte. Salado halite Is rarely pure and usually contalnl 
trace and minor amounts of foreign material Including clay, anhydrtte and polyhall1. 
Halite crystal size and morphology vary considerably, and various large and sman scale 
sedimentary features are abundant throughout out an of the Salado Sall A detaled 
discussion of the Geology of the Salado formation can be found In the Geologic Mapping of 
the Air Intake Shaft at the Waste Isolation Plot Plant (U.S. DOE, 1991c). 

The facDlty horizon lies within a 12m (40 feet) thick unit consisting of halite, 
argDlaceous halite, and polyhalltlc halite. Figure 2.2 ldentlfles the typical geology 
within this unit. Observations Indicate that these geologic conditions are conslstn 
across the site at the repository horizon. Flgure 2.3 a. b, and c provide the stratigraphy 
exposed In Room 1, Panel 1. 

A O.Sm (20 Inches) to O.Bm (32 Inches) thick persistent bed of s!Afate (anhydrtte and 
polyhallte), Identified as Marker Bed 139 lies about 1.Sm (5 feet) below the ftoor level. 
Conslclerable lateral varlabDlty In composition and thickness exists within this sulfate bed 
at both the regional and repository scale. The varlabllty In thickness Is associated with 
the top of the deposit and undulations up to 150mm (6 Inches) have been observed In 100mm (4 
Inch) diameter bore (Holt, 1991). The bottom of the Marker Bed ls sub horizontal and Is 
under1aln by aay .E". 

Anhydrite beds, called Anhydrttes •a• and ·b· occur about 4m (13 feet) and 2m (6.5 feet) 
above the roof. Thin clay seams called aay G and Oay H are associated with the bottom of 
these beds. In addition, a thin clay layer Identified as Oay 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 provkSe surfaces along which slip can occur 
whereas the Marker Bed acts as a unit that does not deform plastlcally with time. In 
addition, the undulating nature c:A the top of the Marker bed wUI resist shear movements 
along the Interface with the overlying sail 

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 nows when subject to high confining pressures and devlatorlc 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, extensive experience within the mining Industry has 
demonstrated the dlff icultles Involved In establlshlng In situ performance based on the 
laboratory characterization d salt creep (Baar, 1977). 
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TA8l.E 3.\ 
BOCK PROPERTIES OF THE BEPOS!TOBy HORIZON 

DIMENSIONS .S&.J 

THERMAl,PBOPEBDES 

Thermal Conductlvly W/(m.tQ 5.0 

SpecJftc Heat J/(kg.tQ 860 

Coefficient of Unear 
Expansion K", 45.0E~ 

ME:CHANICAL fBQf~Bil~S 

Young's Mod\JUI Pa 3.1E+10 

Poisson's Rado dlmenslonleu 0.25 

BlJk Mod\JUI Pa 2.1E+10 

Shear Mod\JUI Pa 1.2E+10 

Density Mg/m3 2.3 

PROPERTIES FOR SECONDARY CREEP FOR SALT 

i = D CJ ne-0/RT 

. 
Where: E = effective creep strain rate 

a = effective stress 

AN HYO BITE 

4.7 

880 

20..£8 

7.5E+10 

0.35 

8.3E+10 

2.8E+10 

2.3 

T = temperature in degrees Kelvin 
D, n are empirical constants 

Where: 

D • 5.79E-36 Pa-4·9 /sec 
n = 4.9 
Q/R = 6060K 
a = the eff ectlve activation energy for salt. 
(cal/mole) 
R • the universal gas constant. (cal/mole.tr, 

1.4 

860 

24E~ 

5.SE+ 10 

0.38 

6.6E+10 

2.0E+10 

2.3 

Further explanation of the definitions for eff ectlve creep strain rate and eff ectlve stress are provided in 
OOE-WIPP-86-010, the Design Validation Anal Report. Appendix C. 

Reference parameter values are based on: 
Branstetter, LJ., ·second Reference Cafculatlon for the WIPP• SAND83-2461, Sandia NatlonaJ Laboratc 
Albuquerque, New Mexico. 

Krieg, R. D., Reference Stratigraphy and Rock Properties for the Waste Isolation Plot Ptant (WIPP) Pr 
SAND83-1908, Sandia National Laboratories, Albuquerque, New Mexico. 
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RECOMMENDATIONS 
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3.2.5 ·Free Stressing Length 

The free stressing length shou10 not be 1ess than 
is feet (4 572ml 

3.2.6 Bond Length 

The bond iengtn can oe est1mateo by t!ie 
following eQUatron 

Lb = 
tr • : • T,. 

L!:> = oono 1ength 
P = design load for the ancnor 
,, = 3., 4 
d = diameter of the drill '"'O'e 
r., =working bond stress 1n the interface 
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.,.,,,.,, 1tton11~" ,,, " ·1._ ·3•c ,, '°C"'''"'" ·fllc -.:.ar •I·,,, ·~-·1.0". • ""',.."' " ,..,t!'\'"Wa "~'~tu ·!"!1 ,.cu :1 a.at ·u:cr:,,11 " 
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'··'"''"'"' ·'" ''~ .e,· .. ·~11c ,,'flt { •I·••" t.mt:1 ·H&J ,,.,." ,,.J,:4Jlrtl .,, ·ot ."': .. ~"""''""' t( : .. ·;;...,, 

I. S~n11c: 

. I 7"-:1\ '1:c:;;;"11::\11on ;:;"e~S ~c:i:r:r.c:! l:~\! ;l;un e11:.::• 
sti:.:I :.-.l'li:~.::c-mn:i:rccn~cnt ::irs .I\ ;:it :c:1;:!u .:r :01!3 .. 4. 
di..::Orn:.:~ !:•\r :5 .:c:incd :lS l ":oir :h;i: :s ::0:1.::·a!cd fer u~c ls 
rc1 :ifnrccnwat :n rc1nlorc::d c.:l'lcrc:c ~::.nstl"' Jct:r.n. T'.1c \Ur· 
fac: :>f 1h•: i:;ir :s ;:rnv11!ed "Mith lu;s )r ;:r.')tl"'J.\IOn\ '!tc~etr.• 
.u,c: C:lllcd di:JiJm1111u11u) which :nlubit lon;:tudin;il move· 
-ncnt .Ji :he c:tr rel:111vc :n :!1c .:onc:e:c wtt1c:l sur~ounl!s :!1c 
:ar :n :mi:!1 eonstruc:icn :tnd conior,,, :o 11-.e l'lrov1sions of 
:tt15 'i:c::1ic;i11on. T:ic \t:lnd;ird s17.cs ;ir.d di.n:c:-:sions of 
d«!formcd "::lrs :tnd :heir :1un~l:er .~c~1!;::a11~ns 'hail :=c :hes.: 
llsh:d :n T.\blc l. 

-.;r;rr :-F·.ir :nils :ii .1c:·.1,,,,.:rt ':l.&". ·t:e :lr..•c•ti' .~i n•lu'1r:.al 
:n111el"cnt imus .h~ ,,.1sin111n1 ':oir •11c ·1i:11 :ln :~ •lrl•,Mcncll. 

: ;; !lar\ .ire , •. ::uc: !'llll'1n1um rc!d :c .. ·c!s: :•:11ncly. 
JO ~co. ~I) ·.:1:n .. md • S IJCI) i:"· .!cs1;::31e:1 ;i~ Cir31!c .io. 
Gral.!c ~tl .. md Gr.\dc ~!. re.,j:c::ivcly 

: J Hot·~~llcl1 ;:1311\ rcun<!5. ::'\ s17.:$ 'JI) :~ .\:~d :11c!udin;: 
:n .. n .ii:u11c:c~ ,n -:nils or ::Jt !c::,:!15 •. v!:e:'\ 'i:c:::l:e:1 :"or 
·1owcls. 'p1r;ils .ind \tr~..::":Jr;\I :1c.\ .:r \1;;:r.or.s sl:;ill tc 
:\1r:l1~ncd '-l:":l!c~ :!us ser:::1ic:i11cn :n C::i~c .io. Gr:11!.: 60, 
.tr.I! GrldC ~S (-:-Joie :). For ~c:oa::i:i1 ;:roi:cr:;cs. :i:st ;:rov1° 
;1cn~ ci :!:.: :-:c:ir.:.\t ~onrnt:tl di:ur.c:cr ~dr.r:ned ':ar size sh;ill 
:i;;tly 7'.·.c~.: :c:;i:1:r::i:r::i1s ;:ro,,11!i:t1& for ctdorn::1110M .md 
:1:1rl1;1:; ;!1:1il Mt :: l:i;licll:lc. 

i J :-:1c ·".:!C::ll:ri::: ·~·· :!1e stc:I ;~ :li:t ;:;ir: er· th:s 
;r.i.::::::ca::on. 

'IQT~ :-~·,c wc11;111 ·f:r :1~111 •·:1:n1\S \r.\~llcr :h:in :/o .II. •II Ji:inh~:cr 

;11~11 :c :on•r.ul~d >n :l:e ;~1s ;i :he size 111 ~ccr:1io:.i::on '5 :0. 
""OTt :-A ::imclc:c "'~'"'' ~::mu.'"'°" :o •ci::::iic.iuon "' l'i 15 h;is 

:•"l:!l Jcvcloccrt-.\ <\; 5M: :h~r.:forc. ~ -nc:nr. .:t1111v.'\lc:i1s .,.. ~re
:.:~11!.11 11 ·:11\ .c.::;1ic:111on. 

: .. . ~S7"\.f .'i;cJ111!t:r:ls: 
... : •r) \.fl::'.:r.C:5 :mi: :.::: :'.:::1:r.s '.

0

;\r ~i.-:·~:.1:::r;1~ r ;s:11:; :i 
51::!! ?~r;f.l;c:.-.: 

..\ 5 :•) 'r.:::::!i.::l::cn ·:~r Cc:-:c:·;i1 :l.:~1;::.::~i::::1s :;:1 ·.v:r.: 
:'k1:s J:ii: (.;;1r:.: ;l.:i;:a: .. ,.·::;. (J1"''.,:n ;;11'.:::: 

• ·"' ·r:c:;t~C:\l10ft ' ·~~:'·he iu•~,~:,::e"' sf •.i-'·f • 1nt!ft11: .. ·.~ , •• '" \1cl"I. 

;,~.-. c·., \1..::! 1r..: ~.;!~ti.:.~ '·"'"' .;11,. '·t.c ~•rt;: ·.;.::1·~'" ..... , :I ~ .. r:.Jmm1nt:"-: 
•!J J!. "' .~.:-=~ .t .. uu~uii:.m'":'lt . 

• .. ~ .. :H :-.:ihtU\ ,r,~"·'"~~ \Of. :· (t;t\ ,.,,.. •:·c.: ; .... ~ ;~1:. :r.\l~"'.:"" 

'!11•· ,,,;,c~~ •t \ \I: • •• •• \II :1.;v•cv• ~th•~" ' \ ; • ,ta 
umtff':I 11."t"'- "J f,\-:-\1 ;1.mt1.rt1I~. ·1 .. , ,. ;' 

.... ·1;0 i'~c:i1:cs :'or ?lck:i11n;. ~lar~:r.;. l:":d t 
~lcth1:c!s ior Steel PrcduetS for Oorr.csuc Sr.1;:n11 

E :9 Pr3e:ie:: rcr L"s1n; Si;nilic:int Ci1:1s 11'\ T ~st I 
Cr..:.:rm1nc Confor:-n;inc:: ·.-111\ Spcc:iic;iuons• 

~ : r..,· S .. \.fdirar; S1t:111:arrJs: 
:-.t:L·ST0-1:9 ~brlun; ior Sh1~rr.cnt :ind Stor:i1e: 
~llL·S70- t 6J Steel ~fi.11 Prccuc1s Prep;im1on ic 

mcnt :ir.d Stor:i;i:' 
2 . .l c; S. F ~:lc:-al Siandard: 
Fed. Sid. So. l :J ~l:irluni !or Shipment \ Civ:l .t..~ 

3. Ordcrin; lnrorni:uinn 
3.1 Or~crs ior rr.;i:i:~;il 'Jr.i.!cr :his spcc1ik .:1c~ 

inc!ude thi: f1lllowi:i11nform;i111in: 
l.1.1 Qu3n1ity (wc:&tttl. 
J 12 S3mc ·'I m;i1cn;il (di:form.:d ;ind ~lain ~· 

l:;ir~ 14.Jr concre:e ~e1nlor;emient). 
~ ! . .l Siz:. 
j. I . .& C;it lcr.1:!:s or :::1ls. 
l t .~ ocr~r:nco! iJr ;:tJ1n. 
j :.~ Gr:idc. 
j I. i ?Ji:kJ~::i~ 'sc:: Sie:::on I?\, 
l: .3 ~ST'.\! .!i:s11;:-.Jucn l:-.d ~c;ir or" :ssi.;i:. l:'I~ 
j_; .) Cc~11ir:d :n1ll :(st re;:cr.s (if .!~ire~1. 

'1c;~: ~-"' 1~i:1c~ "<!~:-.r.; !~si.::-:i:1:011 :s u :"i.:::ll~1 
;!cfr~r:-.":.:~ lr.,1 :1~1:-. :1l:~1·ih::! '!J:"S ~\!r .::r.c:-cic :ti:\ftr:.:~· 
~11 :\ ·> n. :c,..,. J::'..:rit1cd. Cr11!c ~O .. n w::;ir:d :1:'s. 
\ ~: :i • - C::'\1f:(d :T11ll ·cs1 ~:i:c"'~ ~re -::i:.;1rc;,;. 

J. '.\f;u.:ri:ll :inJ '.\f:inufJi:turi: 

.& I '!''le ::u-s s."l:iil :e :::lie: :'r:;r:t ;:r.:;:c:!~ :c:~:-:1: 
.,( :T'.OI~ c;ist l)r s:::ind :an steel 'JS1:-.1 :~.: .:r:1 
~~u:-<>x:ac~. er ~~l.!::r:.:·fJr:-.:.~: ;r:c~ss. 

;. Chi:rnic:il Con1;iosi1ion 

~.I . .\:'\ J:i;ilysis .:i .::ic:!i :11.::it .:i s:c:I sl'::i.l i::c n1; 

::-:;i:tl!i3c:;::.:r :"re:-:: :.:M '-J::-.;:1cs :;ii(::: ;rc:·c~:i:i"! 
;:c1;r.:ig ::i :!'.c :~.:l:s. ::-:.: ::=~==~::lies ·:.i ;.:i~':cr .. '.": 
;i-.~S\:hCr'"..;S. J:"'.~ s~::·-..:-. S~;\!l :..: ~:~c:-:::;:-.:~ . 
::i~1.~r.15 :.:r.t.:r.t :: .... s \!~!.:~a~i:~ ;h~ll ~ct e'.:e~:! 

~ ~ ·r:!c c~.:ma:~l ~..:~;C\1t;ur. :?!us ~.::.:r:":\snc 
:e::1:1~c:! ,;n ~e~~cs~ :c :~c ;1;r;;~;l!~~ ~r ~is ~~;:rl!l! 

•··~w.;1 .1...£:c { •S-:-?t ;,.;1•.,;.'wt ~ • • , ,, \• '"! 
• •:wu•:I J.,···c i:l •.~7'\f \:..;1•.:.::::.:~. 'I ;l "' .i:. 
~ "-·~1!.ati.: ··ru"' '~""1' :"·.ac11c~hi..:~s Jl\J ~ ;r."1•1 ::~: .. ·• :•r. 

'.''u:.~..:i:.;tu~ :" \ ... :e 
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:e•i:•,..•CI 8•r =••·~ra••C" '"•"'t•••. ,.,,,.,,.,, N119l't1. "•"'•"II =·""•"••C"I. 1,,ci :e•••"'~"O" ••o"'''"''"'~ 
...,._.,. :,...,.tO""I• :,.•:,,•a•O"" • .,._,.,. .. ,.., • .. 

•• ,. ••. ,." .\'...,.,M • •.· ,, .., 

•.ie1.r , 

: 'I :. W-O~• .1Cll· Sac· >er,..ettr \.' \•~ \f'•,-""" :,." : • ':I": 
,. oier~ :••a • .,. .. \.~• • ., ..... ,, ~· ; .. , ., 

S J ~n Jn:ilysas m:iy ':c :n:\Cc !:iy :!':c i;:i;rc!':~cr ircn\ 
!1ll1~h..:d l:J~ T;,c ~ncsphurJS ~,:nte:'lt :hus de:.:r:ninc:d sh:ilJ 
:"'' :x.:;:::d ~hJl ~i:ec:11ied in S. l t:y more :h:in :s ~ •. 

11. R•'luir1:mcnu for Dc:forn1:itions 

'i :. ::lcior.11:tl1ons sh:ill be si::ic.::1 :110111 :l'\c ~:ir :it si;ts::in· 
t:a:I'!' Jr11form :founccs. T!\c d.:f~r:n:11icr:s lln oi:i:csat.: su~cs 
Ji' 1h.: l::ir sh:iil l:c s1m:l:ir 1n s1~e :i::d ,t:a;:e. 

i 1 .T:~e dc:ror.n:itior:s sh:iil :C ;J:icc:C with mi:ect lO the 
.1·;:s :11 the b:ir s11 th:\t the 1ncluctt1 in;!c :s not Ji:.ss th:in JS". 
\\"::c~: .the :inc cf ,jc(onr.:iuons "" .ns J:'I :ncluc!cd :in11c .,.,uh 
:he .:i:us or the t:ir or rrom ~s to 70" inclusive tnc 
• . . I • ~::llnn:iticr:s sh:il :iltcrn:iiely reverse in dirc:::cn on e:ic:h 
s11!c. or •he~ on cr.e s1cc sh:ill be re· .. c:\Cd in direction from 
thr.51! lln the opr.csitC Side. W~erc the line or dcfor:n:iticn IS 

l)vcr ~o· .. \ rcvcrsal-tn--dircc:i.:>n is :'lot :e~u1rcd. 
'i.J i:11! .ivcrJ;c sp:icini or dist:i::cc :e~·Nce:i derorm:iticns 

~n ~:ii:ll side 01' the ::ir sh:ill net u . .::c:::i sc1tcn :enths of the 
:\l)r:lt:::tl 1fo1mctcr or :he :u. 

6.4 Th~ ove::i.11 !er.!:h or de(orm:itlons sh:ill be such 1h:it 
!!':I! ;Jjl t:c:wc:n the ends or the dc(or:n:iticns on oppcs1tc 
s1~cs ~f !!le b:ir sh:iil net exceed 12'.ll ~ or the nom1n:1l 
;;c:-.:-;1.::;:r ot" :!~e ::ir. Where the er.t.!s acr.nin:ite in a 
'or.;::'Jcin:il :'lb. :".C .,.,,c:!'\ of th.: lonsit:.idin:il rib sh:ill t: 
;.~::s1cc:-:: the il;;l. W!le:c ::\Ctc th:i~ two lcn&itudin:il r:ts 
lr~ ::woi··cd. :he :;>tJI .,.,1c:h of :ill !or:1m1cic:1l nts sh:ill net 
:'.:::.:J ~!i ~ or :he nomin:il i:cnmcter of the b:ir. furtb::
:':lOrc. :he so.imm:itio:: or llps sh:i.11 ?'IOI uc:ed ~!i ~ O( the 
:-:.m::::Jl ;:c:-::r.c:i:r 01· !he ::ir. The ncmin:il ;:erirr.eter lli the 
:.:ir Si~:i•I be j,: J :imes :he :iom:n:il .!i:i:::c:c:. 

:.,~c:· '6G. ~-.ca!: :.·:ic• .,. 
- ..... ;, .,:rcr.r,:.-. ~,,.. :sa -~ :.ca A> ... ~ ... :en .... 
•·r-.: t:tC~lf'I. "'""'· :• '° :..:o ~.:> ..... ·s :cc 
::.Cl'lj.'tltft 11 I 11 •• '!WI. \, 

!.it~. 

J ., > 
• 5 4 ·2 ) . • ' ). .. -. .. .. . ' ~ 

• :r:.:c 1: :.MS :t• ·,.,-.1:-.a .,. .. r • ·u ' •••:..-;.• • 
' ;,;.co "! :..rs .,, ·;.r:sr« ;.,., ,. ~;,. : · · ~ .,..; · j. 

;,IC r·J ·• .,, 
: .. .. , .. 

,· 

..... 
: ;'!15 

6 ~ Thi! si:ac::?11:. ~c:;t:t. lnd ~:ip or C:ct'orn1:11ior.s w" 
conrcr:n to the :'l::<u1rc:ne:'\IS prcscr:t:cd 1n T:ible ; . 

'!, 'tcasur11n1cn1s o( D11f11rm:uiun5 
~. ! T~.: J\·-=~~i: sp;1c1n1 of dct'llr:n311ons \h:ill ':c ~etc· 

::i1neC: :y .::ividin; l mc:i~un:d !cn!S:!\ ol the h:ir >r.c;;:nc:i: 
!h.c .n~n1tl!r .01· 1ndivicu:il d.:form;uions lnd fr:ii:1io11,1l i:3: 
Cl ,,..:ll)rnl:lllOns On ;iny one Side cf the ~:ir St:t.::::mcn. ~ 
IT'.c:i.~urcd lcn;:h oi the ::ir spcc1n1cn sh:ill :e ccr.s1Cc-cd ti'• 
dimnco: from :i !)Cini on :i d.:ronn:\liun 10 .:i coms;ondir 
;::01n1 on lny oahc: cdor:11:111un on the s.:1mc sit' • .i. :l'.e ~ 
Si::ic1n1 mc:isOJ:~n1cn·s sh.ill n1Jt tc n::idc over a ~r .m:.:i 
con1:iin1n1 c.ir :t:.irltins symtcls involving !c::c::s or :n:::·. 
bc:s. 

i .: The :ivi:~l;1: !'ll!i;!lt of C:cfur~:itions sh:sll ''"~'~:: 
r.1i!~cc: lrom r:-.(:isi;r::mcnts :noicc lln nut !css th:i:i 1~._;ie1c:i: 
ccrcr:r.:i::nns. :c:::-:i11r.:iucns shall :c !:3SCd en thr-..c :r.Cl· 

surcrT:c:HS ;:c~ .:dcr:n:i:ion. one :It lhe C.:nter c( tl~e C"C::l 
:c:is:h olr:li :he llt!l.:: 1wc :11 ti' • .: ~u:ir:c: p\lir::s of the ovc:: 
.cngth. 
~J bsu11i.:icn1 hc:s!:t. 1nsurnC:c:1t c:~i:o.im1'cr.:n:i:ll ::"· 

er:tcc:. or ;::1c::.ssi,·c si;;ic::11 oi .!.::i:i~:i::c!':s sh:ill ::ct c:r.s: 
t:lte c;ii;se for :':je:::on -.:n!css 1t ilas l:c::n .::c:i:lv cs:..i:list .. 
!'!y • .::e::r::::r.:i:iens .:n cJch !ct 1:-.:01c ~) :csti:~· !l':Jt 1;:::•:1 
.!(:.>rr:::i::.:n !".i::;~::. ;;i;:. or si::ic:ns C:o not c.:r.for.:: :o : :.: 
m1n1:-::u:n r:~:.:1:e:::c:.u ;::rcsc:itcd 1n S.:c::on 6. '.'"o ~e·c:::i: 
::i:iy te :r.:iC:i: :-n ::,c :asis :,i :ne:isurcments :r :i:·M.:~ ;..:in :•! 
.:i~;Jcc:n .!dcrrr . .:i:iens en .::icl'I side cithc l::ir uc :::Qsi;r;:: 
~~! !-·~ !r.t .J .:~::r.~:I u Jll :!;c ::.irs -,r ~~ :.u ~1.:::~: 1~: 

;i;incr.1 >Jf J(:.)r:t:.>t;cn ;::11.1111c:i :II 1!\ .n.:1•:.::..11 s:i;i:c•::i :::.::UC 
sl11c~1r., :r~cr. 
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-1 -,, 
:o1 -·----------· ···- --·-. ' .,.,, ·.-t",,'\ '~Q• J "'' "'f".IC, ,,,..,._. ... ,. 

• 1 • .,,...,.,. •!.~••c• .,, ··ccr."'c" 

~'·'r" •ti 

~11..:ns1:1111..:h:r :1s .~..:~c11l:::S 1n 1 l 1 : .1:t1I ! l l J ,,f '.\!,·:~1nc!~ 
Jnl.I r.e1"111111nn' ·" 370. T'.1c e:1.tr.11~h·,,1 ·:n,:..:r 'M.t ~h:'lll i:i: 
l) COS in./in. Ill 1:ise length (0 .. ~ ~~) :"nr Gr:'IC:c .io .ind C'"11:'lctr. 
60 .ind ~h;'lll i;c 0.00lS in.Jin. nf 1:.ii:e lcnsth 10.lP:.) l

0

1lr 
Gr:1f.c 7S. Whi:n n1;itcri:1I is rurn1shcd in C•lll~. thi: ll!~l 
\.1111f)lt lnU\I ht Slr:\1\lhlCncd pnnr 10 lll:'lr1n; II Ill thr. ;aws n( 
th..: ~.:ns1h: machine Csi:e :-Joie 6). 

t l 1'i1e ;:e~1:cn1.1ce of clo11s:i11.-. •: 'h:lll :;.; .•s iir•'.~&:r:r.rct "' 
T.1hle 2. 

~1;11· It- Sn.m~hh.:tt11hl ;ftuulJ h: dnnc ~:ui:Jull~ t•> .1vrlut ~h~ ''''"'·'· 
11on .1( ·.:cJI '"·••:l b~1111\ .111J II) ~"n"'"'c ·c:.1 •o•~. l11"11T1c1cn1 
str.u~hh:f\11\t ::r:nr :,\ .u!.tch1n1 the .:'1cn\t'l1n-.:.:r ~·'" r1.:~u1!t .n ~o,vcr· 
:hnn· 1ctu~I r.:l•I \lrCllSlh :"\::&Chn::s. 

?. u~11Ji11~ n~11uircnu:nl!l 

1. l Thi: l:cnd-ti:st \i;:e::illli:n ~h:1ll ·.\1thst.\r.1\ tc::ny bi::it 
,1··.u:id :i ;lll\ w11hout c:r:iclong 1ln :he: 1lu:~i1~e 01' the l::nt 
;:•:: '.10n. T':c :..:qum.:n1i:n1' l°M 1'1ci;: c:: :I !:c:idin~ :ind sites of 
?111s .m: l!r..:~cnl:cd in T:1blc 3. 

9.2 Th..: t.::ic.l ~-=~t ~h:1ll b: m:11!c on \i:1:.::me:'ls olS\:Oir.:i:nt 
!cnsth 1n .::isuri: ire;: tending ,\net ·.v11h .'ICF:'lr;1t11~ ·.1tli1r.h 
;:rovi~..:.~: • 

·).2.1 Con1111uous:init un1il)r11\ ;i;;i;:!ic.11ion 1lf f.ir.:e 
:hru11gho111 the curauon ni the l:cndin~ opcratinn. 

9 2.2 L'nrcstr.c:..:d :novcmi:nt of :he: sr.c:imr.n at points nf 
C.Jl\l:\Cl ·.v1th lhi: :'IP\::lf:'llUS :ind 1;cnnin!i J11J•1n1I !\ ni11 frn: 10 
rlllJIC. 

J i.j Ccsc wrJppins oi the si:e:imen :\1ll11nd the l'i'' 
.j1111:ig the ::e1u!ins oi:.:r:11ion. 

•)J (")1~i:r .'lc:::pt:il:li: m13re · :ven: mr.:!\od~ of t:c:nct 
lCS\l:\!J, s1:t:"'I :IS pl:tc::n& ;l \pct:::. :a :'ICIOSS !WO 1)11\S (n:e tn 
r:>t;i~c :lnd :1p1:lyin1 !he ':.::icing force '"'''" a fi:<cd pin, m:1y 
tc usr.d. Whi:n failures ccc:1r under nlOIC SC'if'rr. n\cthot!~. 
r.::..:sts sh:11l tc ;:crmittcd undr:r thc \:i:n<1 lt.5l mr:hcd 
;;r..:si:nl:cd in ?.2. 

Jll. r.:rn1i~sihlc Vari:uion in W~i::l11 
;1).1 T::c ;:e~n11~\1hle ·1:1ri;uion ~h;11\ ni:t c:o:.;:l":i 6 I'~ u111h:1 

!'IOinin:il -.11.::s:11 • .:~c:;n ~\lr t:U'i \~~;11:.:r :lun J11 in. i;:l:un 
~oumt ::1c ::.::·:\\1s.s1b!c ·1:1r::11inn i1\ wc:;~t s:1;i:I \:e e:>mpu~td 
11i::on 1!1c '::as1S o( ~!1c ;:e~:'lms•l:h: v:ina:1cn 1n .~i:in\Cter in 
Si::..:c1r:c:1uon A S :o. R.:inicr.::ng t:m :ire c·1:1lu:i1e•I on 1!1c 
1::1~1s or l\Or.lin;il \\Ci,!1ts. In no c;1sc sh:'lll the 011r.1 wr:icht i)f 
:1ny \::ir ~e t!\i: C:'lu~.: l"or ri:jec:1on. 

:•).2 i::e s;:c::1ic~ limit ::f v:ir::i:icn ;~:ill :.:e -:vi\:iat1•d i:\ 
1c::r\1~u:':: ... u!l ?:-~..::a:: ~ ~·) ::'c~t1'-:::~~: :~c::~,:l!t 

11. Finish 

11 ~ ~.•~I. <.:."~1~. \U1!
0J1·.: :11..:~~11.11111..:~. ·1 •11:1 \1o.J., 

:-.til ... , •. ·.inc...: :·.~r ~...:;~.::u:n, ;::-:1 .. ;.~~.1 ::-. ...: ' 1 "'t,:-.~. \~1n:c· 
.'.;l'l,~·~~.:uw.11 .1: .. a •. \111\ ·..:~.s1:i: ;:~1 ·:-:c\ ~( 1 ·:.·. 

·;t•1,1•c.l :r.~.1 ,,·~~.·:~~c·i ir.: .u·• , .. a ~!l.~~ ·.:~ ... oo:· .. :·.::-:- 1 
·!~:\ ;r..·~;ia'":\:~~r. 

: : i -;111:'.•rc .11~ce~:".:::11;r.s .:1:1(· ·!·:H1 •!11.\~ \;c~ 
: : : ,h.,~1 ~~~ .·.:.·•~u!cre~ ..!c~nr.·.c~:.1l «\.!~~:'\ ~i;-.;,:;:ii..;~ 

:.u1:1u!~ .;u~~' ;r.1Cf..:l :·~::;en~ f;\tl ·~ ·.:1~f,~a .n ·,1 ·::!-.\!r ;,~"." 
.. 1•n1'.i11••, 1C:',1111.::i:1'.1lS. 

I". "l'c~a Stwchncns 

l 2.1 l';:M1r:11 :est 'i:cc1111c:1~ sh:ill -.:i: :1.: ~all \i::::or 
':::"11 "~ .-01:c.t T:11: 111111 'Ires.' <1.:h:r.11111:111011 ,h.ill :i: ::: 
thr. nnh1111:"1I l::1r Jr•::i. 

I .' .. J i-:1c \:c:'ll! ·h:st spcr.1n1cns sh:ill tr. th•: full SI::: 
thc l::w .1s roll.:d. 

J.1. ,"111111hcr or fi:lltll 

l J. I Fnr i:a1 \t?r.~ Nn. l to 11. inclusive, one ~en<. 
:lllll l)lle i;e11'1 ICSl Sh:lll tc nl:ide O( tht. l:ir&CSl s1:1 
froin .=at'h il1~a1. It'. hnwcver, 111:11en:1l from one h~: 
by !hie: nr 1llnrl! r:i:.,1i;:1;111on nun1t:crs, nne 1cM1on ; 
l~flld tc$t sh:ill be :n:u!.: fron\ hnth •he h1~~ . ..:.\t .\n~ 
r\r~1r.11:1ti1)1\ 1111111l:er nf the <!i:fonnr.~ b:irs rolled. 

1 l ') In the .-:•sc of ~o~. i•\ :1nt1 i~ b:irs. nr:c ten: 
.i111\ nn•: h•·nc1 1est ~h:ill ile m:1t1c of ~Jth si7.c ~ol!cd ir1 
hC:\I, 

I !. tl•·\•":l'i 
;.1.1 If :m; :ca•i\i: ;)roi::e1w .~f J:\Y teM1on 1cst s;:c 

:i:s~ t!l:in :~1:i1 \i;cr.:11r.cl. :ind :iny ;::.in of :h.: :hc:urc ~ 
lhC n1ii11.!lf' li1:i,I of the l:lt:C lt.n&:h, J' 111dicate::1 ! 
sr.r:ur.hrll """ '.:i::1 nn the ~1:ecim1:n tcfor,. 1e~1in1. 
'h:\11 l;r: :illow,.11. 

1·1.7 tr 1111: .csults of :111 or~ginal tc11s1M si::ecim1 
mr.l't tl11• s1:rr:d":1:<1 nllnin\um r~(lmrcmcnts :and :i· 
::cell 1:~1 nf the n:~uircd :cnsilc strcr.;th, 'N1tl11n IC 
the •i:l'\1ure1I 1:1:'.ct i;:n1nt, or 'Mitlun two ::erce:'lt:igc 
thr: 1rf1111rcr1 ··'.n1•:p1io1\, :1 rc:c~\ sr.:il\ tr. ;:c:-:':'\1t~c 
::111~c111 \i:rr.::i1r.11~ for ..::ic!\ or:r.1n:1I tr.nsion s.:ccin: 
f1cm :l:r. let. I:" ;\;1 rc~ult~ ,.,f :hcsc retest ;1:c::11ne::s 
'v··:-:lirct rr.q11111'.111.:111s. ti:~ l"l sh;,il tr. o1cc:ptl':1. 

I •l.J If, ~r1:c1 test ::i.:s :'or 1c:iscns other thi\n rr 
rr:tsn1L\ Of fl:1ws :n the ~i::c:::nrn ;\S .-:i:sc11l:r.d i:'I 
!-'.~ .. 1 1.·•1·.~1 ~11:'111 tr. j:.:rr.\illrd nn two r:1111!011\ · 
liom ~hr. s:1111r. ~o\. Ir the 1csults of i:ot!1 :e51 ,,,c:i: 
ihe ~1:rr.ilil'1I r,.:w1r1:nii:n1~ :he :nt sh:1ll l:e Jc:: 
r•·ti:~t ~h:ill ::r. r.rrfor:::~:I on :.:~t \1)1'r:111c.:\ t:1:1t 
tr.n1i:n;1\111r. :":t :'.Ct lr\S 1h;i11 lj1j•F. 

l·' .·I tt• !\u~ ~\!'~t ,,~r:"'.t~.~cn f.uts ::c1::u1~c ~·· ~ 
rc..,sc1:~ ~u•h ·s 1'.,1l11r:: ,,,· :1:sta1:: c:1•·1pr.1r1a .::1· 
si:1~r.:m1~11 ,)1:;.:1,~t;on, 11 ::1:iy ~t: ,fa,.::1r.~e.1 l:: 
\i;ri::1r1r:11 1.1'.<.•:t. 

1·1.S ti' •ny 1c~t s;:cr1mcn .~.:·:i:;ili:;s :~;1ws, 
rlisrarrlr11 i11.1 .,1101hcr si:r.r1111en .:I the \:lmi: s11 
tnr. ..,.,111e :1c:i1 s11b1::ati:J. 

: ~-: T:~:- ::\~j·c.:~:~r :t·;:·:~r.1!:i•!·~ ::~.-: :;1·:·::~J!C: 
f: :;.: !'!"ltr1. ': "a ~!tt:a ·.\·i::!\! ·>:·~r!< ,-:,, :::~ ::::· 
!~'~ 1,:!1~,,·r .~ :;,·: :-.r ::r: :;;.-n~.:.:1. •o l!l -.;:\:~s -.:f !:~~ ~ 
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er's ... crks that .:onc.e~ the manurlct;irc or :he mltenal 
.:ir:cred. The n~a:"luflcturer shlll a1Tord tl'le 1nsl)Ccter all 
rcuor.l~le :0lc1li11cs to sa11~r'f ium t!'llt rl'lc :'T\l:c:::il is 0t1r.; 
iur:\IShed 1n lc.:.:r~:i:-.ce ... ::l'I :his s;ec1!1C.lt1on. l.il :csts 
. .:'.::;>t ,r.~duct .l:'lll;. "'I l:'\J .:ui:c::;on, sh:ill ~c :i'l:l.!c 31 :l".c 
~llce ~t· ~'3:-:.::

0

Jc:Jr: ;:1"'.~r :" sll·;:~en:. :.1:\lC\.\ ~t~cl"'-"!IC 
si:ec::'!e~. l:".~ s!".:i;: :c so :.:r.e.:c:e~ u net ~" 1nti:r~i::c 
UMC:~r:iy W\I!\ :~e .:i;i:~l::on o( !he ... Orlcs. 

15.: f,,, Gcvtr1'!,..l.!t:l ,:Jrcc:1r~11'!t11t Co:ij'-c,.:e;:t lS 01::. 
::-" .:: si:cc11'led 1n t~e .:~n:nc1. :he c:ntr:ic:er is :t$r.cr.s1l:lc 
ror the performance or all 1nsi:e::1on and test :i:~u1rcmcr.ts 
si:ec11icd herein and may use his own or any otl".er su11:it:lc 
(ac1litiCS (or the pcrform:inc.e O( the .:-.si:e.::;on and IU\ 
rcquircnltnts • i:ecilied herein. unless ~=~:iciro,.cd by the 
purcl'l:uer at ti e time "' purch:isc. The pureh:1scr sh:ill have 
the ri;ht to perform any oi the 1nsi:ections .lnd tests at the 
~mi: (re~ucncy as set fonh in this SC:CtlfiCltion • .,..here such 
iMpections arc deemed nccm:iry to lS.\U~c :h:lt m:itcn:il 
con(orins 10 pr.:scritc~ :ce<uirements. 

16. Rejection 
16.1 L'nles.\ .it!l.::-.11isc spe:111c:d, .ln'.' ~:;c::::;en ~.isc~ on 

:csts :1101de :n accorJ:rncc w11h 5 .3. sh:\11 ~e :c;:cr.~d to the 
milnuracturcr wirlun 5 ·.11ork;na d:iys fro1n \hi: rc:.:1i:t or 
~intplcs by the purch:iscr. 

16.l Mati:ri:il th:it shuws injur.ous ~c:fo::s ,ut;~c:;ucnt \O 

its .lCCC:!'l:lncc :it lhe nlanuf.ic:u:er's wcrk~ 11o·:il l:i: reJCcted, 
:ind :".e manufacturer shall l::e noulicd. 

17. Rchc:irlng 
17. I S:imph:s tested in accnrd:ince ·.11it~ S.3 that rc;:rcsc.,t 

rejected nlaten:il sh:ill be i:rc$Crved for~ ..,eeks from the ~a11: 
rejection is rei:oncd :o the n1:inuf.lcturer. In c:isc n( diss:itis· 
~action with the results O( the tests. the n\;1nuf:IC\Ufl!f nt:ly 
m:ike c!:iim for a reh~nna within 1h:lt llnle. 

II. ~larking .. 
I 9.: When lo:ided ror ~ill 1l'l1;rnc:o11. tars SI~ :1 

e~:y sc;:auted and ::it.ecd .a.1:h :!'le :o:~.l.:.;:·Jc:;1~el. 
:est ;Ccr.t:i!.:ation nurr.t:c:-. 

t t: E.1.:h ;:: .:~1:c:r sh:iil ;l!c:-.:;f:' '.:ie s:· :-:-. ;.;., :!· 
n\.lrk;n1 s~stcm. 

1 ~ l .l.a ~:in :r.:duced Ill :::11 \i;e:::!.::i:;c~. ~'::;: ; 
:~u:-:c: ::irs ·.11h1cl'\ sh.111 :e ::i~cd '.~r ~:a~e. \Mt: :e .~:-· 
=~ l .!1s111~;:.11sh1n1 set of m:arks :e1:l:ly :ci:c:~ .:r.:. 
surf.le: or .:ne SICC or the tar :o ~enctc 1n :!".e :.:.:, 
or~c:r: 

I S.3 I Pirn1 ?l Or:;:n-Ltttc:r or sy:r.tol eM.li:hsnc 
the ::rOC:ucer's mill ei:s11n:uion. 

I 8.J l Si:t 1'tsl.~11a11011-"r:it:1e nun\ter COl"':'CJ,cr.c 
10. l>:ir desi;n:ition nun1ber n( T~blc I. 

I S.J.3 Ty;t of Stu/-Lener S indic:itina :h:at the :a: 
produ"d to this Sfleciric:ition. 

1 S.J.• .\li111m11m Yield D1sill11a111;11-For Cral!e SO h 
either the :tumber 60 or a sin&!c continuous lon;:twinal . 
throu;h at lc.ist 5 sp:iccs 01Tsct from the center or the 
side. For Gr:i~e 7~ b:irs. either the nu~:Xr 7S or 
continuous lon&:tudin:il lincs throu;h :it lc:lsl 5 si::iw ro1 
e:\Cl'I direc:ion (ron\ the CC:\tet Of the b:ar. (~O ~;ir'I 
dl!s1a:1:ition r"r Gr:ice .io l:::irs.) 

I?. P:ick:1Rin1 
19. I When s~eci1icd in the ;:urch:1~e ordc::-. ;.1CkJ 

sh:1ll be in accord.lnce with the procecJur:.i in F ~e· 
A 7CO. 

19.: For Govcm1111:r11 Pm,·:m!mem 011/y--Whcn spc::.; 
in the eontr:ici er orJcr, :ind for direct prccuremc:nt :: 
direct shipn\Cr.t to the U.S. ;overnmc:\l. m:it~n:il sl:: 1 

preserved. p:ick:iscd. and p:icked in accord~~11l: 
rc:quiren\Cnts ct' ~fl'L.·ST0..16 l Ti\e :ipplic:ib' : !s 
te :is spccitii:d in the contr:icl. ~farkin; for ship.......,..( ol '. 
n1:itcrial sh:ill te in :icccrdancc with Fed. Sid. !"o. 1: ~ 
civil :igencics .lnd ~lll·ST0..129 ror nulit:iry aacnc:a. 

••• ~,,..,.,.,. Soc:lly let ~Wl"'J ,,.d "'''°'""' '""U -o ~1110/'I •uoocttng ,,., ••lldllr :I V'Y ~'"''"II"" .UOl'lod 11 c:nrocUOll 
•• ,.~ .,,., 1"" .'flOIV!Ol'td ill INI SIOl'detfl. IJHfl " ""' Jlt~td ,,. ••Cl.SJIY ~led :1111 :orettr.U"lllUI °' '"' ... .c;ry "II"( JllC/I 
~10111 '""'" 11'4 :N ttia o/ 1111r.n;.,,,.,,, o/ JUCh lfWlllJ. "' 1/11111/y :ltett :wn "MOOl'IS.OllifY. 

r~ta 111ra"O I lllOfftel 10 ,_...,.II eny :""• oY !/!t 'HOOIUJlllt :oc11n1~ C;r>m•nH 11'0 .. ...,, !It -o.-... eo .,..,., Wt ~S era 
'"Cl 'llY'llO. "'"" 'NCOfOVOd Of wf!/ld7~-- 'fCUI Cl:"""°"" ., •. ttrnoe 9'/'!91' 'OI .'oY•a~ 01 :~11 u.-1:111: Ol 'Cf M:<ll~ll S:IVl:atl:I 
'"" :.·- ~· ..:~111110 .. srw N .. C'o...,.ors. "°"' COINft.,,11 ,.,, 'K ..... :Wfllll COl'1:::011rl0/'I ., • ,.,,,,,.,cl :tt 'UQCl!S.O:• 
IOCl'IWCM :01'"''•llOL ... IC/I p0U "'IY .,,,,..,, II )!'OW .'HI 1/'111 ~ :-.en11 ..... 'OI .. :.,,,OCI I ,.., ~H""f fCll J/lof.IJO .., .. , f°"' 
,,,,,.., ·~·n;o ,,.,. ~sN '-lot°" SI~ •:>1e lloce SI .. ,..,11tt:01""'e. 11• ·•·c.l. 
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. . .. .. . . . 
Oft 1111 Ol'fllOl>""\.,.l el M"O Ot -hi 
ref10" of 111e rocatpevc nt9f1ea. 
dncrib•d tly L1Ult10llfl f 1172) .. 
on lr1IJ1n 10 lllwtl'll 111 '°"'''" ,..,., • 
0111111>111.on of DOftd "'"' 110f'1 '' 
anchor Tiius '"' anc11or 1014. ' 1 
10 lhl liatd anc11or Cltt•f" lly o,. • 

F1p J l'ou•O•• ''''"''moors C•••O on""'''"'" IC r,,,,,,, C11111• Crt•* 
"''•' ••• " .......... , ... , •••• - 1fl'l 1 

,,.,11, •e L • r., td ,,.c• ;1 1•9"" 
d "' tllt:t. '' 1•c•o• : 1• 

' ... wo•••"9 b:.,o 1:••11 P·'!• by 1..::•11.:"" •nd r .. ,,.,.,,.,.0,...11 
( H17-'l "'"''e 2 OCC•N 1ntl'lor1 ... ert 
1p:tfd II ,_ Ct"llH Ano!""!' "'c!l'IOd 10 
d•IS pate load ,,,,,11.11 111e roc11. "''"· ·• 
1.mply 10 1ns1111 •nc•ors lll ;; ftc••n1 •nth· 
n111on1 H ,., the cu1;n by So1111nc:n1 
( t968) lor '"' z.,c:rs11 01"'. A.191111. In 
some other counlr•u I "''"'"'"m d•Stanct 
b11wttn 1nc:t1ors 1 1t1pu1111d. Brom1 
( 1968). ,.,,.,..,,ng Sw1d11h prec:11c1. confir. 
med a m1n1mum soac ng of 2 5m. wh1l1t lht 
Cuch Sta,..dard ( 197') recommends 1 5m. 
one cons.dtral1on b11ng 10 reduce .. in111· 
t1ol1 9roul1ng ... •ltllcu911 lh•I phenomenon 
11 not neceuarily a d1udv•n1age 1n prac· 
ltCI. 

It it notewonhy 1hll thtH gu•dl rules 
or approacnea 111 bHtd on 11p1111nc1 
and 1ng1ne1r.ng 1udi;1ment. •nd no1 on an 
1n11~llll 11.n0Nled91 of suess d1str1bu11on 
around thl anchor. 

Remarks 
With regard to upHt cap1c11y no UPlll· 

men11I or practical ev•dence and only very 
1i11l1 1heore11cal dill substan11111 1he 
m11hods currently ustd (Table I) 10 calcu· 
1111 lhl ult.mite res.stance 10 pull-ou1 of 
1nd1v1dua1. or groui:s of 1nchors. Indeed. 
1her1 would 1ppe1r 10 be results (Salim1n 
and Schaef11 (1961) and Brown (1970)) 
v1h1ch indicJll that ;11lur1 in I rock m111 
does not 9e~1r1lly occur 1n t'le lorm of an 
inverted 90 :leg cor:e '1 we:lge Howewer 
it is r1110111r ng 10-rnew--t1111 most oesi-ans 
art li .. tly to bo conurv111ve 1n adopt1n~ • 
cont method w1til no allowance for 1111 
shur s1rcn~:11 of lhe rock mass 

Nevertne11ss. sol"'e s1 .. nd1rd1sat1on on 
safely factors lor !fmporary and perm•· 
nent anchors •s desirable l:>ijethtr w•lh 
agrl!ement on wl'lat JllOw•ntes snould bt 
made lor surc11ar9e :ue 10 wnco,,~ol.dateo 
overburden Jnd :11e effect 01 up;:>er layers 
ol wutl'lereo rock. 

In 9ene111. effort snould "OW be ta· 
pended. 1n 1111 lorm of f1.e1d 1es1.ng in a 
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N•de range ol •eek mA:tr.JI' int:! m.a~\•t 

N"•Cn navt bC"" C••tfu11y C&.ISS·'·eU. ,,, 
:irC:t• 10 s11o1oy lhw '"Jut and POI•! on ,:,f 
;l'lc •:ca lOllH mno ""-' 11 'J•lu•I. Suer. 
;iro~r~mmu snC:;;•ll J:tOITl,..Odllt s;nalt 
1nt~·O't .and aroups :Hl'!::I over I 11n91 °01 
.nc1.n11.on1 Only .n '"'• way can anc11or 
dcs19n in re1.-1ion to ::1v.,:1il Sllb•hty bt 
op11m•s10 bo111 :1chn1c•lly '"d cc:onom•· 
CJlly. 

BONO BETWEEN CEMENT GROUT 
AN() ROCK 

Introduction 
Mou Oes11i1n1 to da11 .:oncern1n9 s1r1ight 

shaft h&td 1ncllor1 have bun suc:cuslully 
bned on 1h1 assump11on ot unolorm oond 
d.s1r1b1111on over 1n1 fi••d ancllor surf; :1 
aru In 01h11 words ii h11 bHn g1ner~lty 
ICCIOltd lhll 1111 bond deYllOPld ·S 
merely 1 function of f1•td anchor d1m1n· 
sions and applied toad. 

However. recent t•P111m1nt1I and 
1heort11t1I analyses "'"'' 1nd1cat1d thlt tht 
cha11c11r of lht bond to !ht rock ·~ more 
CO"'P't•. and re!ltcls add111ona1 01remt~er1 
w111ch often g1v1 rise 10 a markedly non. 
1o1n1lorm suess d1st11bu11on. Thua. '" many 
cues tht asaumed mec111n1sm of to1d 
transfer .n 1h1 fixed anchor zone may bl 
;ross•y '"accur111. For ea1mp1e. 1he s.1111· 
11on could well a11st where. for a 111911 
taPIC•ly •ncl'lor. the •evil of bond siress 11 
1l'le •otdtd (or pro• 1mat) 1nd m1y be ••· 
lrllT'lly high. ooss1bly 1pproacll1n9 la1lure. 
,,.11er111 1111 more d1s111 oaru ol the fixttl 
anchor may •n effect be rei:undant. c:early. 
such I 111u111on w.1: have 1 be1r:ng on 
overall st1b1hty anaiyses. tl'le 1n11•pretll•O" 
of anchor u1ens1ons. and 1on9·1trm cre~o 
bcnav•our. 

Oes.gn c1111111 are re• •f!wed rtl11in9 1,:, 
111e 'l"laon11uiJ1 and d·s1r·bu11on ol bond. 
liatd a~chor d1mens.ons. tnd lac1ors cf 
saltly For compa••son. :ne results ol rell'· 
v1n1 1t:eort1.ca1 and e•per1men111 .n,es: .• 
9a11ons are presenied. 

05 

T11,, a:iproach ·s usad ,, ma,., c ~ 
Ii Fr;inc1 (F1r9101. 13721. !,.., 
c1rJ. 19731 C1,,1d1 1C:il11 191 
us~ 1w11i11. 1!731 

•hi rult •I bHtd on 1111 fc 
••"'Pit .iss11mp1•on1· 
(1) Transfer ol the load lrom tl'I 

lf'lcllor 10 lht roca occurs by a "" 
d111r1bu11d siru1 at11n9 over "" ""t 
1111 curved surface of :n1 li .. d lftc~ 
(ri) Tho d11m11er of 1111 borel'IOlt 1 
fiatc! •"chor are •dtn11ell. 
! iii) F11lur1 :11tes pl1ct by 1lrdon9 
ro.:ll/9rou1 1nterf1c1 (srnoolh bot'e~.c 
by 1h11ring 1d,1c1nc to thl rtx11./91· 
11rlact '" wu1r.1r m1d1um (l'O\lfll 
110111. 
(1v) Thtrt 1r1 no discont1nuit._ or 
int wukness planes 1lon9 whrdl 
c1n b1 induced. and 
(v) There 11 no local OtDond•nt 
grout/rock 1n1trf1ce. 

Wh1r1 shur strength 111 IJ 11'1 , 
out :>n represen11uv1 11,..,:1111 of !ti 
mua. 1t:1 m1a1murn 1wera;1 wQt\,n 
str111 II tht rocaigrout 1nt1rl1c1 
not e•Cttd the m1n11"\um Sheer si 
d1v.ded by the rel1v1n1 uftty facto• 
mally not less than 2~ Tr1•1 IPP•O•· 
phea pr1ma•1ly 10 soh rocil.1 ~rt 1 
111111 corrpress;v1 11r1n9:."I ·w·· '""'51 
tllan 7N/mm'. and'""""'" _,.;.ote: 
been drilled us•"V a rotary ::·~''"' 
"IOVt. In the 1b1tnc1 :ii sn1ar :;· 
datl or littd oull·CUt :1111. LI 
I 1~72) states :n11 :r.1 un maie b.:rc 
•S ohen taken 11 :int·ltl"l"I or :tit " 
.:o~oressive itrt•.9111 ci mns.vo; 
( 100 :>tr cent core 1eeow«'Y I ve> 10 i 
.,.,u,.,.. value • :ii • 2~ mm-. 1·1 

1n;it t!le crusn:~g s:ren;:., of :lit , 
gr:iut .s eaual :o er ;ru:tr :11a" :i~ 
Agply•"9 '" 1poartflt H;t:y fac:or (. 
n"Cfl. w"i.c;ll •S '011Str'1ll•Vt bt.11 
mind tne lack of re11v1nt datL lll>t 

~Ji--~~~~~-" ... · 

r..,11 /UCS 

02 --- ·- • -- -

... 

I 
---- ---------··- - . ···---

.:r-
0 

, 

I :o 
..,.. __ ~ ·t•.1:"s.1~:1~~ .• ': 1 -~-:~ I 

'---~~~~~~~~~~~--~~~~- ~· 
F·, . .J .1c1,tr . .;insll10 :trwcr•n •l·c.Jt .. ,,·s; .,na un •• ,.,Ji 
cc-·;:tcs;o ,. :11~n~:-. . 

•''j 
"'""""\ 

5 £1f.•.:r ?f ~on y "" UCS ·•• o · ..... .,~s 



• • • 

' . "' """". 
" ''"' COll,.tCllOft ,, • ,..,ICwOttflJ tl\et 

Cn1R (tl:'Ol •"o""' • "',.'"'""' •O"-"'t 
.... ~of 2.&SN'.ftll\• 'UI ~Ill."'"' •ec· 
1c· ;,I 1 7S wll•Cll •lld•:ltt, I v••ut ot • •" 
c• ' 3~1"'"'· 111 aomt •oi:111. o.,1.cu•1rt1 
O'J'\llllf. •Hll'Ot•" vl"tl ti w•lll I 1'911• 

1 , . ., tow .• "''"'' tht '""''"'Pt,011 11111 • • ., 
1:.Jlt 1t' r1r C•"' tOCll U':S ""'I IUd 10 
,. ,,,,11c '"Y •o.. ,,,,,.. 111 ot '"'''. 
s'.·tn9111 ''gs • 1nd ~I '" 111c11 cuts '"' 
"'""":>!•Oii 11111 • ... 1011~'• 20·l5 per Clt\I 
L; 5 ""'YI>• 111•1,fltrl. 

~1 a 911 =• !~ 101: ,;.s:s. b:11d va:.iu. 
" ·tCO"'"'t"Otc:I 1111011;"0 .~ 1111 ""'orld tor 
... ;1 ''"9• 01 91"110111 !'l".t11mor,ll•C a"d 
u; ""'""'Y roc-1. art orestntt.:I •n T~b•t 
II' Wntrt 1nc111c:110. int 1,c1or of uttty 
•t JtH ro rllt 11111m111 an: work .n9 bond 
•• ·Jts ca•culllld H111m1n7 un,form bono 
o 1·.r•b11t1011 It •• commo11 to !1110 11111 tllt 
,.,.~n11110t ol bond •• l•ITIC•y HllUtd by 
1a;cr1111ctd 1119•ntt": !Pit vll11t ldOOltd 
le· .. or111n9 bono atr111 ctttn "" ,,, 111e 
,,. ~• 0 35 to 1 "~Imm'. Kocll ( 1972) su9· 
.,u!i cond 11r11su 1n 11111 ran;t for wuk. 
'"'~'"',,, and atrong rock ( Tablt Ill). and 
'"' A111tr11i111 Coot CA 35--1973 st1111 
ll'J: a v1tut ol 1.0!SN/mm· 1111 bttft ustd 
.n 1 w•dt r1n91 of 19n1014 •nd 1td1mtll• 
ll"')i •OCkl. b11I COl\firms 1r.1t ''" te111n9 
llU p1rm1t1td bo11d v1l11t.1 ol up 10 2.1 
N l":'llTI· 10 bt t"'DIOytd. 

.:: 111:1 cor.nec1101\ 1h1 drlh Cuch Stand· 
ar: ( 197•) concludes 11111 s111c1 tht tstl• 
m1r1on ot bond magftoludt ind drt1ribu11on 
•• 1 comotu problem. fit•d anchor 11111 
sr ;111::1 always bt cond11c:1d 10 confirm 
bc·d valun rn dH•gn, as t:->trt is no eflic:1· 
er: or t1fiabt1 al1trnar1v1. C !rtarnly. a com· 
m:"I ~rocecure amongst a~.chor dts•9"trs 
•• :o lrrtYI II 1St1mlttl ol ptrlTl•IS•blt 
w:·a.rg bond valuts by tae:ori,.9 tllt value 
or :111 h•~•9t 11lt1m1tt bond c11cul11ed 
Ire"" 1111 1t1ci'lor1. wlltn available. Usually 
1111 ~•commtndtd uftty lae:or r1n9es lrom 
2 ::i 3. b111 •• lreQutntly lower i11 very 
c:-·::1~1n1 rocks. and "'9"•' rn wuker. 
lis! .tt:i. or weathered var1ei1e1. 
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APPENDIX C • CHANNEL SUPPORT DESIGN 

The final design d the steel beam support system was the res!At d an evolutionary process that 
started by considering an I beam. The original concept called for an I beam that would be held In 
place by eight rock anchors and four yleldable steel posts. This design had several dlfflcultles 
with It: 

o Each I beam would weigh about 2,000 pounds, making the lnstanatlon process dlfflc!At and 
potentlany dangerous. 

o The supporting rock anchors could not be attached to the centerline d the I beam. 
Instead, the rock anchors would have to be attached by means d a separate plate to the 
flanges of the I beam. This would have generated excess moments In the beam as well as 
Introducing torque forces, which would have been dlfflcult to calculate. 

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

The final design calls for a 15 x 40 channel with 11 rock anchors that are fastened through the 
centerline of the channel. 

The channel wDI be made of 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 placement of the channel. 

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

The support channel design calculations are given below. 
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st~~•• space ( :,T) where J and T denott normal and shear 1tctsse1, and~· 

an envelope u drawn tan9ent to the caclu represent1n9 the ultu11au : ?; 
'J ," 

shear stress of aray value of conhn1n9 pressure. t'\/ 

When the dat• from Tables 9.2.4-l and 9.2.4-2 are plotted, ~hree ~onr'J 

circles which are normal for SENM rock salt are obtained in Fiqure 

9.2.4-2A in stress space = ,T) • The ultimate stresses can be 

approximated by a strai9ht line (Coulomb) envelope of the form 

T • C + ; tan ~. tn conventional 0~9ineerin9 term1noloqy, C is called 

the cohesion and ~ , the an9le of internal friction. tn this case, at 

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

cohesion of approximately l,000 psi and an angle of internal friction of 

33°. Similar data for other rocks are bein9 used for mine pillar 

design. However, it should be rec09nized that the validity of these 

ultimate stress analyse-s rests on two assumptions: (l) failure is 

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

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

rate and time. 

for rock salt. 

Both of these assumptions ace currently bein9 evaluated 

In c-ontrast to other rocks, it is important to remember that rock salt 

undergoes large deformations long before the ultimate stress is reached. 

since these deformations can exceed 15\ even at ambient temperature, it 

is conceivable that a practial failure condition might incorporate a 

~aximum deformation criterion. To illustrate this case, ~Coulomb 

envelope was constructed (Figure 9.2.4-28) which defines the stress 

magnitudes at an arbitrarily chosen constant value of strain 

r ~ 
1

• 2.5\). This value is the average strain at the ultimate stress of 

samples tested in uniaxial compression at ambient temperature and a 

loading rate of 30 psi/min. It can be seen that Figure 9.2.4-28 is 

different from the ultimate stress envelope in Figure 9.2.4-2A. Clearly, 

the shapes of the Mohr envelopes are highly dependent on failure 

criteria. The values obtained also depend on the manner in which the 

Mohr's envelope is drawn. In Figure 9.2.4-2A, a •oest fit• straight line 

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

tangent to the circles. 

~~t 
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1.0 INTRODUCTION 

A system to support the roof in Room l, Panel 1 has been designed on the basis 
of the rock mechanics data that is given in Appendix A. The design itself, is 
presented in Chapter 4 Support System, Underground Storage Area, Panel l, Room 
1. The support system accommodates a controlled yield of the rocf rock as the 
creep of the salt takes place. The success of the planned system relies heavily 
on a monitoring program that will determine not only the geomechanical 
performance of the room but will also assess the structural performance of the 
support system. 

The support system is designed to carry the dead weight of a rock wedge that is 
forming in the roof of Room 1. The deve 1 opment of this wedge has been 
established from the rock fall that occurred in SPDV Test Room 1 and from 
observations of fracture development in other parts of the u: .derground facility. 
The wedge is not yet fully formed but experience in would indicate that it will 
form within the next 7 years in Room 1, Panel 1 unless fracture development in 
the roof can be controlled. The support system in Room 1 has two purposes. It 
is designed to minimize the development and propagation of roof fractures 
thereby, ensuring that the rock remains self supporting for as long as possible, 
and secondly the system must have a 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 field creep effects. 

The geotechnical monitoring program will establish the loads that are developing 
in the support and the deformations of the rock that are taking place around the 
room. The geotechnical data will be used to ensure that the support system is 
performing in a controlled manner and to establish the load adjustments required 
to the support system in order to accommodate the creep movements of the salt, 
and to confirm that room performance remains within satisfactory bounds. 
Geomechanical monitoring of a room can give indications of its deterioration. 
Monitoring of the performance of excavations at the WIPP has already provided 
early identification of such conditions. SPDV Test Room 1 showed evidence of 
worsening conditions at least 3 years prior to the roof failure in that room. 
In addition, the Geotechnical Expert Panel has expressed confidence that 
instrumentation in Panel 1 can give adequate notification of deteriorating 
conditions (US DOE, 1991). 

This plan describes the geotechnical monitoring program that will be implemented 
to evaluate both the room performance and the performance of the support system. 
The plan describes the instrumentation that will be installed in the room, and 
it discusses the criteria that will be applied to ensure that the support system 
is adjusted in a controlled manner and that room performance remains 
satisfactory. It should be noted that as more data becomes available, especially 
on the interaction of the support with the room, then the criteria that are the 
basis for adjusting the loads on the support may require modification. 

The pl an has been developed and wi 11 be imp 1 emented in accordance with the 
general requirements for the control of test activities as described in the 
Geotechnical Engineering Program Plan (Westinghouse, 199la). The Geotechnical 
Engineering Program Plan supports the Quality Assurance Program implemented at 
the site (Westinghouse, 199lb) and covers the eighteen criteria that are defined 
in the Quality Assurance Program for Nuclear Facilities (ANSl/ASME NQA-1-1989). 
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2.0 MONITORING OF ROOM PERFORMANCE 

The program for monitoring room performance has a 1 ready been deve 1 oped and 
implemented in Room 1, Panel 1. The basis for the monitoring is that the 
measurements and observations are simple to make; that minimal maintenance of 
instrumentation is required; that instrumentation is easily replaced if it 
malfunctions; and that conditions throughout the room are known. The data should 
provide data on geomechanical performance features that have been identified 
elsewhere in the underground facility, especially in the SPDV Test Rooms as 
features that should be compared with other data collected at the site. Room 
performance is being characterized from the following: 

• The development of bed separations and lateral 
shifts at the interfaces of the salt and the clays underlying 
the anhydrites "a" and "b". 

• The establihment of the room closure rates and determination if they 
are accelerating with time or exceeding expected rates. 

• The assessment of the behavior of the pillars. 

• The assessment of fracture development in the roof and floor. 

The instrumentation in Room l, Panel 1 was upgraded during the summer of 1991 
from the original monitoring program established for the panel in 1988. At that 
time, limitations were imposed on penetrations through the Anhydrite "b" in the 
roof. These limitations were in effect for waste storage considerations and no 
longer apply to the use of the room as the location for the bin scale tests. 
Roof conditions are now assessed from observation boreholes and from extensometer 
measurements. Measurements of room closure, 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 Geotechnical 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 instruments are given in Table 2.1. A 
summary of the installation requirements including tolerances, workmanship and 
national codes and standards that the instrumentation monitoring system must meet 
are given in Appendix A. Figures 2-2 and 2-3 provide the instrumentation cabling 
layout for the convergence meters and extensometers respectively. 

2.1 Room Convergence Measurements 

Vertical and horizontal convergence stations will be installed at seven cross 
sections throughout the room to monitor roof /floor and wall/wall room closure. 
The locations for the instruments are provided in Figure 2-1. At each cross 
section, roof /floor convergence will be measured at mid span and at room quarter 
points and wall/wall convergence will be measured at mid wall height. The 
convergence measurements will establish the rates of room closure for comparison 
with predicted rates and will be evaluated to determine asymmetric roof /floor 
closure of the room. 
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Each convergence station will consist of a mechanical anchor fixed about 150 mm 
below the rock surface. Details of a typical convergence anchor installation are 
given in Figure 2-4. An extensometer consisting of a wire or tape stretched 
under a constant tension and an accurate distance measuring device is attached 
between the anchors . Changes in length between the anchors will be monitored 
periodically to determine room closure. The convergence measurements can be made 
manually or remotely. For manual measurements 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 extensometer measuring device is 
replaced by a electronic device capable of measuring length changes. In Room 1, 
a potentiometer readout with a range of 36 inches will be used where remote 
readings can be obtained. Remote readings 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 extensometers will be installed in the roof and the walls of Room 1. 
Roof extensometers will monitor bed separations at anhydrites "a" and "b", and 
dilation and creep movements within the immediate roof beam of salt. Wall 
extensometers will monitor the lateral deformations within the pillars. 

Within each borehole, five measuring points will be anchored to the rock to 
monitor rock movements towards the room. Details of a typical borehole 
extensometer i nsta 11 at ion are shown in Figure 2-5. In the roof holes, the 
anchors are nominally fixed at depths into the hole of 0, 2m (6.5 feet), 2.3m 
(7.5 feet), 4m (13 feet), and 4.3m ( 14 feet), for the purpose of monitoring bed 
separation across the anhydrites "a" and "b". In the wall holes, the anchors are 
fixed at depths of 0, I.Sm (5 feet), 3m (10 feet), 4.6m (15 feet), 7.6m (25 feet) 
and 15m (50 feet). The specifications .for the drilling of boreholes, the 
installation of extensometers and for the instruments are given in Table 2.2. 

Calibration of the measuring device for the multiple point extensometers will be 
carried out either by the manufacturer or by the Site Calibration Laboratory. 
Calibration will be traceable to National Institute of Standards and Testing 
(NIST). 

Readings will either be taken manually with a readout device provided by the 
manufacturer or will be performed remotely through the automatic data acquisition 
system that is maintained in the underground. Measuring frequency, once the room 
is in use as a laboratory for the bin scale tests will be carried out every week. 
This frequency may be adjusted to meet any changes that develop. 

2.3 Survey Measurements 

Survey measurements wi 11 be made in the room by the surveyors from Mine 
Engineering. These measurements wi 11 be used to separate roof and floor 
deformations. The measurements will be taken on a routine basis, probably at 
intervals of about 3 months. 

2.4 Fracture Mapping of Observation Boreholes 

Three observation boreholes have been drilled into the roof of Room 1, Panel 1. 
Additional boreholes will be installed at the existing locations to monitor the 
behavior of the roof cross-section. Observations of bed separation and lateral 
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strata shifts will be made on a routine basis at intervals of about 3 months. 
The boreholes will be monitored using a scratch probe that has been used for the 
Excavation Effect Program {U.S. DOE, 1986). The holes can also be viewed with 
a borehole camera if the fractures require visual observation. 

In addition, the boreholes for the rock anchors will be observed for fractures 
immediately following their drilling. This will be carried out using the scratch 
probe and the borehole camera. 

2.5 Data Acquisition 

The instrumentation monitoring room performance, is currently read manually. 
Conversion to remote reading of instrumentation is planned. This conversion will 
take place once the data acquisition system for the monitoring of the support 
system is installed in the room. It may not be practical to convert all the 
instrumentation to remote readings. The roof extensometers will be converted to 
remote reading. The ancillary equipment to allow remote reading of the quarter 
point convergence stations will be installed but a final decision on installation 
of the wires wi 11 depend on establishing that they wi 11 not be damaged by 
personnel maintaining or sampling the bins. The roof/floor convergence stations 
at midspan i.e. down the middle of the central access way and the wall/wall 
convergence stations will not be monitored remotely as they would interfere with 
access. 

Remote instrumentation will be monitored from a data logger located in an alcove 
in S1950 of Panel 1 between Rooms 4 and 5. The data logger is part of the 
Geomechanical Instrumentation System installed in the underground. The system 
is controlled from a computer located on the surface. The data logger that will 
be used to remotely ree.d the instrumentation monitoring room performance in Room 
1 is already in place. The specifications to which the datalogger is 
manufactured are provided in Appendix A. 

The results from the instrumentation in the room will be evaluated on a 
continuous basis. Documentation of the results will be provided annually in the 
Geotechnical Field Data and Analysis Reports. 

3.0 MONITORING OF SUPPORT SYSTEM PERFORMANCE 

The monitoring of the support system performance provides an assessment of the 
manner in which the support is controlling roof movements including the breakup 
of the immediate roof. The monitoring program in Room l, Panel 1 will evaluate 
the fo 11 owing: 

• The performance of the structural system that supports the roof. 

• The load that develops in each rock anchor for the purpose of adjusting 
loads so that the build up is controlled in a consistent manner. 

The basis for the instrumentation will be that the measurements are simple; that 
instrumentation is easily replaced if it malfunctions; and that the performance 
of each anchor can be continuously monitored and readily compared with 
performance of other anchors. The instrumentation layout for monitoring the 
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support system performance is provided in Figure 2-6. Cab 1 i ng 1 ayouts 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 will be used to adjust the anchors to ensure that they 
are not stressed beyond the allowable working stresses and that the roof is 
lowered in a controlled manner that accommodates the continued creep of the solid 
salt. 

The measurements of cable elongation and pressures developing on the sheeting 
wi 11 be taken to determine how these components of the support system are 
performing. No adjustments are planned on the basis of these measurements. 
However, if they show load buildup, additional actions may be considered. It is 
not expected that breakup of the roof rock will be excessive, it appears more 
likely that the rock will remain primarily self supporting until the detached 
wedge in the roof fully forms. It is not expected that this will occur within 
the next two years based on the experience obtained from SPDV Test Room 1 
Therefore, it is not believed that loads approaching the full weight of the 
detached wedge will develop on the expanded metal sheeting and the cables. 

3.1 Rockbolt Load Cells 

The rockbolt load cells will monitor the axial loading on the rock anchors. The 
measurements will be made on each anchor and will be the basis for adjusting the 
load on each anchor, should an adjustment become necessary. 

Each load cell consists of a cylindrical body with a central annulus for the rock 
anchor. The load measuring element is a spool of high strength steel or aluminum 
on which electrie-a-l:-resistance strain gauges are bonded in a full bridge 
configuration that provides temperature stability and compensates for off center 
loading. A steel outer cover and 0 ring seals protect the strain gauges from 
mechanical 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 maximize the vertical adjustment on the 
tendons, the height of the load cells shall not exceed 75 mm. The typical load 
cell installation is shown in Figure 2-10. 

3.2 Pressure Cells 

Pressure Cells wi 11 monitor the pressures that develop between the expanded metal 
sheeting and the salt roof. The measurements will be made in selected areas 
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 pressure cell installation is shown in Figure 2-11. 

Each pressure cell is manufactured from two steel plates welded together. The 
space between the two plates is filled with de-aired antifreeze solution or 
hydraulic fluid and is connected via a high-pressure 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 cell will 
cause a deflection of the diaphragm which results in a change in the fluid 
pressure. The pressure cells, in Room 1, will be installed between the rock and 
the mesh to monitor the pressure distribution on the cable lacing and mesh. 
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The pressure cells will be constructed from corrosion resistant materials such 
as stainless steel. The pressure cell can be modified for remote monitoring by 
replacing the pressure gage with or adding a pressure transducer. 

The pressure cells will be placed between the rock surface and support mesh. An 
important factor to take into consideration when installing a pressure cell is 
to ensure good contact with the surrounding material and to avoid localized or 
point loading of the cell. To avoid point loading, each pressure cell will be 
encapsulated with a concrete based grout. After the grout has set up, the 
pressure cell will be placed between two steel plates in order to evenly 
distribute the load on it. The pressure cells will be pumped up so that the cell 
is completely filled with fluid. 

Pressure in the cells will be monitored using pressure gages. Monitoring of the 
pressure cells can be changed from manually 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 will be made at selected sections 
within the room that are expected to have the largest deformations and 
subsequently load the mesh an cables. Typical crack meter installation is shown 
in Figure 2-12. 

3.4 Data Acquisition System 

The data acquisition system shall provide for remote multiplexing of the load 
cells at locations 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 cells. 

The data logger will consist of a programmable controller, switching units, and 
a readout device. To prevent thermal deterioration, the switching units must 
multiplex all signal functions for each instrument. Continuous connection to a 
constant-voltage power bus is not allowed. 

The data logger will include a Racal-Vadic Model VA1251G/K modem for data link 
connection to the surface data logging computer. 

To facilitate compatibility with existing GIS equipment, existing communication 
parameters, protocol, and programming must be incorporated into the data logging 
components. 

A Racal-Vadic Modem Model VA1251G/K will exchange ASCII character data over the 
datalink cable via the following parameters: 

• Baud Rate - 300 
• Parity - Even 
• Stop Bits - One 
• Word Length - Seven Bits 

The two panel switches on the Racal-Vadic Modem are to be set as follows: 
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• Analog/Digital Loopback - OFF 
• Transmit Reversal - OFF 

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

The surface datalogging computer has been programmed to communicate with all 
underground control units through an exchange of ASCII character data. The 
computer sends a two character address sequence down the datalink cable through 
the surface modem. Each control unit then demodulates the character 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 unit will poll its instruments, perform any necessary data 
reduction, and send instrument readings through the modem as a string of ASCII 
characters. 

4.0 ADJUSTMENT OF SUPPORT SYSTEM 

The anchors will be set to a nominal load of 500 kg (1000 lb) after proof testing 
to 1.33 times their working load. The purpose of the preload is to ensure that 
the lacing and meshing under the channel is secured firmly in position. As the 
loads change they will 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 full 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 solid salt onto the wedge that creates a stress 
build up in the support system that must be relieved by the controlled yield of 
the support. 

Initially, the roof will be self supporting as the fractures will not have 
developed sufficiently to define a detached wedge. It is 1 ikely 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 will be assumed that fractures 
will propagate and that gradually the degree of self support of the roof will be 
lost. As this occurs, the rock anchors will provide increasing roof support and 
loads will build up in the anchors. Once the roof wedge becomes detached, then 
the rock anchors will be fully supporting the wedge and will have reached their 
working loads. Control of anchor loads must consider the adjustments needed 
during load build up when the wedge is not fully detached and load distributions 
may not be as expected, and those required once the wedge has detached and is 
subject to both vertical and lateral movements due to the creep of the solid 
salt. 

In addition, the wedge shape must be taken into account when estimating the 
adjustments that must be made to the anchor loads. Two possible geometric shapes 
have been proposed to define the wedge that develops in the roof of excavations. 
A triangular distribution identified from visual observation of the roof fall in 
SPDV Test Room 1, and a parabolic distribution based on survey data of the roof 
of the room after the fall. For the purpose of assessing the adjustments to the 
anchors in Room l, both distributions will be compared with the field data to 
determine which is more appropriate. The comparison will be carried out on a row 
by row basis and also over time since the geometry of the wedge may depend on 
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location within the room and 1 oad di stri but ion within a row of anchors may change ·'""""\ 
with time as fractures develop. 

4.1 Criteria for Load Adjustment 

The preliminary 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 

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 precisely how the loads will build up, but it is 
expected that they will develop slowly because the rock is still self supporting. 
Based on these assumptions, the following criteria will be applied to load 
adjustments for a row during the build up to maximum working loads: 

• No adjustments will be considered necessary to a row of anchors until 
the load in one anchor exceeds 27.5 MPa (4 kips.) 

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

• If the loading for a row of anchors is consistent with a triangular or 
a parabolic distribution but with a variation from 20 to 25 percent for 
an individual anchor, then no adjustment is necessary, but an analysis 
shall be made to establish the rate of load increase for all anchors 
within the row and to estimate whether the variation is increasing and 
the time that it will take to reach a value of 25 percent above the 
remainder of the distribution. 

• If the load distribution for a row of anchors is consistent with a 
triangular or a parabolic load distribution but with a variation of 25 
percent for an individual anchor, then an adjustment to that anchor will 
be carried out. The load on the anchor will be reduced by not more than 
50 percent. 

• If the load in one anchor exceeds 27. 5 MP a ( 4 kips) and the load 
distribution within the row is not consistent with either a triangular 
or a parabolic distribution, then a study will be carried out to 
establish whether an alternative plausible load distribution can be 
established. If this is possible, then this distribution will be used 
to determine the adjustment to the anchor load. 

For example, if the loads develop on one side of the room due to asymmetric room 
closure, then an asymmetric load distribution may be found to be a more 
appropriate basis for load redistribution. 

CASE 2: Load Distribution at Maximum Working Loads 

Load distribution at maximum working load is considered to have developed when 
controlled adjustment of a row of bolts cannot reduce the anchor loads below 
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levels that are consistent with the weight of a detached rock wedge. Once this 
stage has been reached, then the following criteria will be used to adjust the 
anchors in each row: 

• If the measured l cad in an anchor is 10 percent or more over the 
allowable working load for that anchor, an adjustment to the load will 
be made. The load on the anchor will be reduced by not more than 50% 
of its allowable working load. 

• If the load distribution does not conform with a triangular or parabolic 
distribution, a study will be carried out to determine whether the 
measured distribution 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 wi 11 be adjusted to establish the effects of changing 1 cads by a 
controlled 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 alternative criteria will be developed. The 
application 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 include field tests and analytical computations. The field tests 
will investigate how load changes in one bolt affect adjacent bolts. 
Computational analyses will 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 simulations will assess the effects of adjusting the loads within the 
tendons . This will be done on a row basis, since the available software codes 
are based on two dimensional modelling. This assumes that interaction effects 
between rows spaced nominally 10 feet apart will not be significant. The codes 
that will be used are VISCOT, a finite element code and FLAC, a finite difference 
code. Both codes were developed for the structural analysis of geologic media. 
The VISCOT code which is a version of a publicly available code originally 
developed by Owen and Hinton (1980) was modified for used in the Salt Repository 
Program for the disposal of high level radioactive wastes. The FLAC code 
(ITASCA, 1991) is a proprietary code developed by ITASCA, Inc. to simulate the 
behavior of geotechnical materials which may undergo plastic flow. 

The codes will be used to determine interaction effects between bolts supporting 
the isolated rock wedge. They will establish if adjusting the load in one anchor 
within a row will change the loads in other bolts within the row and by how much. 
They will also assess whether asymmetric load distributions can develop due to 
lateral or differential vertical displacements of the salt and how these effects 
can be compensated for or minimized by adjusting the anchor loads. 
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A preliminary assessment of load redistribution has been carried our using 
VISCOT. For the case of the fully detached wedge reduction is bolt loading of 
will be redistributed among the other bolts in a row without overloading of any 
bolt. The redistributions for a number of cases are shown in Figures 4-1. It 
should be noted that the study of bolt load adjustment will be an ongoing 
activity and that field data will be assessed to determine the effectiveness of 
the analytical evaluations for load adjustments. 
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MATERIALS/INSTALLATION 

INSTRUMENTATION CABLES 

TERMINAL BLOCKS & STRIPS 

GEOMECHANICAL INSTRUMENTATION SYSTEM SPECIFICATIONS 

SPECIFICATION 

7. Insulation and Jacket 
For U/G in1tallatins the following materials are 1pproed for uae for cable insulation and 
jacketing as designated below: 

1. Jacketing: 

CPE - Chlorinated Polyethylene 

CSP - Chororsulphonated Polyethylene 

- Neoprene 

2. Insulation: 

EPA - Ethylene Propylene Rubber 

PPE - Polypropylene Ethylene 

XLPE - Crosslink Polyefin (Polyethylene) 

EPOM - Ethylene Propylene Diene Monomer 

8. All wires and cables shall be identified at junction boxes and cabinets with wire 1nd 
cable marker indicating the Instrument number of the wired device. 

Specification No.E-P-244 
1 . Terminal blocks shall be surface-mounted, molded plastic screw-terminals, barrier 
type, capable of accepting No. 20 through No. 12 A WG wire terminated with 
solderless ring-tongue compression-type lugs. An 8-inch horizontal clear gap 1han be 
provided between adjacent columns. 



MATERIALS/INSTALLATION 

GROUNDING 

FUNCTIONS OF TYPICAL 
INTERFACE DEVICES ·, 

GEOMECHANICAL INSTRUMENTATION SYSTEM SPECIFICATIONS 

SPECIFICATION 

2. Thirty percent unused spare terminals shall be provided for each group of terminal 
blocks. 

I 
3. Termin~'I blocks shall be grouped by circuit type and segregated according to circuit 
voltage arld destination of field wiring. 

4. Not more than wires shall be connected to any one terminal point. 

5. Terminal strips for powere connections shall be fitted with covers to minimize shock 
hazards. 

6. Each teminal block marking strip shall be identified. Identification of terminal blocks 
and terminal points shall be alphanumeric, with each terminal block having unique 
identifying letters and each terminal point to identv Instrument Input. 

Specification No.E-P-24 7 
1 . Instrument cases. relays. and other switching devices shall be grounded to the 
cabinet or panel steel structure through theri mounting screws. Additioal grounding 
shall not be required. 

2. For each instrument circuit with a definite ground at the cabinet or panel, a single 
wire shall be run independently to the applicable ground bus and fastened thereto with 
a drilled-and-tapped connection. or on a 
terminal board for wall-mounted cabinets. Each ground point shall be readily accessible 
for removal, testing, and replacements. 

3. Signal cable shielding and grounding requirements shall be included in the wiring 
diagrams. 

1 • Control Unit: When the control unit is activated by 
the communication controller, either locally or remotely by the GIS Data logger, ft 
shall, In turn, activate the readout unit and switching module simultaneously to read 

l tJ 
;JI 



MATERIALS/INSTALLATION 

FUNCTIONS OF TYPICAL 
INTERFACES DEVICES 

GEOMECHANICAL INSTRUMENTATION SYSTEM SPECIFICATIONS 

SPECIFICATION 

all the sensors and transmit the output of the readout unit to the GIS Data Logger. 
When the last connected sensor has been read, the unit shall deactivate itself. 

2. Switching Module: Sequentially connects the readout unit to the sensors, enabling 
each one to be read. 

3. Remote Reaout/Polling Unit: When the readout unit connected to particular sensor, 
the readout unit shall energize the sensor, receive its measurement, display the reading. 
and the transmit the reading to the communication controller through the signal 
converter. 

4. Signal Converter: If the ouput from the readout unit Is not in conformance with EIA 
RS-232-C and ANSI XJ.4, a signal converter shall be furnished to generate a aerial 
ASCII signal. The signal converter shall be either an Internal subsystem in the control 
unit or an external unit. 

5. Communication Controller: Under the control of the GIS Data logger, the 
Communication Controller shall activate the remote readout/polling unit to start the 
data transmission and deactivated the remote readout/polling unit when data 
transmission in complete. 

When interrogated by the GIS Data Logger, the Communication Controller shall be able to 
handle the malfunction or failur of the interface devices. The Communication Controller shall 
modulate and demodulate the signal for the data link cable/ 
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FIGURE 2-12. Typical Crackmeter Installation 
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MATERIALS/INSTALLATION 

CABINET DESIGN ANO 
PERFORMANCE 

INSTRUMENTATION CABLES 

INSTRUMENTATION CABLES 

GEOMECHANICAL INSTRUMENTATION SYSTEM SPECIFICATIONS 

SPECIFICATION 

Specification No.E-P-309 
1 . Cabinets shall be wall-mounted Maintenance to wall. Maintenance on wall-mounted 
cabinets shall be from the front. 

2. Cabinet enclosures shall be NEMA Type 4X enclosures. 

3. Interface cabinets shall be fitted with flame-resistant gaskets and tamperproof 
screws. 

4. All controls,lnstruments, and devices shall be shown on the contract drawings. 

5. Cabinets shall have their identification permanently marked on the cabinet or panel 
structure immediately adjacent to their location. Identification shall be clearly visible. 

Specification No. E-0-281 
1 . Cable shall be suitable for use In dry and wet location, capable of continous 
operation temperature of 90 degrees Celsius. It shall be UL-listed as Type TC cable in 
accordance with NFPA 70, Anicle 340. 

2. Cable shall be rated for 300V or 600V insulation, single- or multiple-twisted pairs. 

3. Each conductor shall be tinned, soft or annealed copper, Class 8 seven-strand 
concentric in accordance with ASTM 8 33 and ASTM B 8, Size No. 16 AWG for single 
pairs and No. 20 AWG for multiple pairs. 
4. Cable shields for single-twisted pairs shall be made of aluminum tape wrapped 
around the conductor and the tinned stranded copper dr.in wire. 

5. Shielding for multiple shielded pairs shall consist of a group shield wrapped around 
each pair and drain wire and an overall cable shield wrapped around the whole cable 
assembly and drain wire. 

6. Conductor identification shall be by color codes in accordance with NEMA WC -:tQ. 

() 
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2.4 SURF ACE HYDROLOGY 

2.4.1 HYDROLOGIC DESCRIPTION 

2.4.1.1 Site and FaciUties 

The WIPP faciliry lies within the Los Medanos area in the drainage basin of the Pecos River (Figure 2. ~ 1). 
The headwaters of the Pecos River are located northeast of Santa Fe, New Mexico; from there the river flows 
south through eastern New Mexico and western Texas until it discharges into the Rio Grande. The Pecos River 
has an overall length of approximately 500 miles, a maximum basin width of 130 miles and a total drainage area 
of roughly 44..SOO square miles( mi2). Of these, 20..SOO miles2 are classified as noncontributing. 1 Climatic 
characteristics of the basin vary from sub-humid in the mountains to semiarid at the lower elevations. 

The Pecos River is about 14 miles west of the WIPP faciliry at its closest point (river mile 430 above the 
confluence with the Rio Grande), and has a drainage area of about 19,000 miles2• The slope of the Pecos 
riverbed in this area is approximately 4.0 feet per mile. 2 

East of the river, near the WIPP faciliry, which includes the Los Medanos area, no outstanding natural drainage 
features exist. A few small unnamed drainage channels c:Onstitute all the tributaries joining the Pecos from the 
east within 50 miles north or south of the WIPP faciliry. From the west, the principal tributaries joining the 
Pecos north of Carlsbad are Rio Penasco with a dr!linage area (D.A.) of 1,060 miles2 at river mile 496 (rounded 
to nearest mile), the Rocky Arroyo (D.A. • 64 mi2) at river mile 475, and the Dark Canyon (D.A. • 451 mi2) 

at river mile 459. Other smaller tnbutaries Oowing from the west are the Little Walt Canyon, Willow Draw, 
Spencer Draw, and the North Seven, Middle Seven, and South Seven Rivers. Most of these tributaries originate 
in the Guadalupe Mountains 2,3 Downstream from Carlsbad, the Black River (D.A. =- 436 mi2) joins the Pecos 
from the west at a point about 16 miles southwest of the WIPP faciliry at river mile 436. The Delaware River 
(D.A. • 689 mi2) joins the Pecos from the west at river mile 406 and a number of other small creeks and draws 
join at various points between Carlsbad and Malaga. 

In the reach between Carlsbad and Malaga (where the river is closest to the WIPP faciliry), the bed of the Pecos 
is made up of sand and gravel The overban.ks adjacent to the main channel consist of sandy soil dominated by 
mesquite and salt cedars. In general, the right (west) bank has a steeper slope than the left (east bank) and, at a 
few places, the banks are made up of bare rock. During major Ooods, river water spreads over a flood plain. 

The Pecos River flow abcM Malaga (river mile 432) is regulated by storage in several dams, including Santa 
Rosa Lake (Los Esteros Dam-river mile 757), Lake Sumner (Alamogordo Dam • river mile 702), Lake Brantley 
(river mile 4'79), Lake Avalon (mer mile 467) and several other smaller upstream dams that divert water for 
irrigation and power production. The locations of dams on the Pecos River and its tributaries arc shown in 
Figure 2.4-1. Salient features of these structures arc given in Table 2.4-1. Numerous stream gaging stations arc 
located on the Pecos River and several of its tnbutaries. These gaging stations are shown in Figure 2.4-1. 
Information pertaining to several gaging stations, including average, maximum, and minimum recorded 
discharges, is coatained in Table 2.4-2. 

The stream gaging station at Malaga, New Mexico on the Pecos River is the nearest station to the WIPP facility. 
The maximum and minimum recorded nows at this station during the period 1938 to 1985 were 120,000 cubic 
feet per second (tt3ts) (August 23, 1966) and 3.7 tt3ts (October 20, 1976), respectively.4 

· 

There are DO major surface water bodies located within 10 miles of the WIPP facility. Beyond 10 miles. several 
water bodies lie to the north including Laguna Gatuna, Laguna Tonto, Laguna Plata, and Laguna 

2.4-1 
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2.4.2 PRECIPITATION IMPACTS 

2.4.2.1 Los;al Precipitation Patterns 

WIPP FSAR 
WP 02-9 
REV.O 

The WIPP facility is located in the Chihuahuan Desert with an arid to semiarid climate. Precipitation in this 
area varies between localities and years, but averages roughly 12 inches per year. Mean annual precipitation 
values at various locations in the region around the WIPP facility arc given in Table 2.4-9. Precipitation 
amounts have also been recorded at the WIPP facility during the periods of May 1976 to February 1980, and 
June 1985 to February 1987. These data are noted in Table 2.4-10, which indicates that four complete years of 
precipitation data have been obtained at the WIPP facility. Using 12 inches of precipitation per year as an 
average, l!1T1 appeared to be a slightly dry year (9.3 inches), 1979 a normal year (11.8 inches), and 1978 and 
1986 very wet years (19.4 and 23.0 inches, respectively). 

The probable maximum precipitation (PMP) quantities during "all season• and "winter" for different durations 
within a 10 miles2 drainage area in the vicinity of the WIPP facility arc listed in Table 2.4-11. The 
corresponding intensities are shown in Figure 2.4-2. The PMP determinations have been used to design the 
drainage systems and roof loads for the surface structures at the WIPP facility (discussed in Sections 2.4.2.2 and 
2.4.2.3, respectively). 

2.4.2,2 Drajnaa Pattem1 

In the proximity of the WIPP facility, subsurface geologic formations are covered with smoothly rounded hills of 
dune sand. Surface drainage patterns in the area are not well defined, and rain that collects in pools between 
the sand dUDCS is lost through infiltration into the sand and evapottanspiration. Vegetation generally consists of 
mesquite, sbinncry oak and other plants commonly found in the northern Chihuahuan Desert and southern 
Great Plains. Land is used primarily for cattle grazing; however, potash mining and petroleum extraction also 
occur in the area. 

The general ground slope in the vicinity of the WIPP facility is about SO ft/mi. downward from the cast toward 
the west. The awrage ground slope from north to south is downward about 13 ft/mi. A topographic and 
surface water divide (Antelope ridge) exists about 10 miles east of the WIPP facility. The activities associated 
with operation of the WIPP facility are not expected to alter the existing drainage pattern of the area around the 
WIPP facility. 

The local drainage pattern ia such that normal surface runoff from contributing areas north, south, and west of 
the surface structures draim wesrward into Nash Draw without affecting the WIPP facility structures. Storm 
water nmo« from areas around tbe surface structures, including that from the cast, are diverted away from the 
structurea by a system of peripheral interceptor diversions. As shown in F'igure 2.4-3, this drainage system is 
dcsipcd so that storm runoff due to a PMP event on tbe contributing drainage areas docs not flood the plant. 
In addidoa. tbe grade elevations of most roads, tracks, and surface facilities are designed so that storm water 
will drain away under tbe IDOlt SC"Jere conditions. For example, the floors of the Waste Handling Building 
(WHB) and other surface structures are O.S feet above the grade elevation. 
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2..4.3 PROBABLE MAXIMUM FLOOD (PMF) NEAR THE WIPP FACILIIT 

2.4.3.1 Flood History 
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Floods on the Pecos River can be generated by: (1) frontal storms that produce large runoff volumes and high 
flood peaks; (2) thunderstorms (convective storms) that produce small runoff volumes but very high pea.ks; and 
(3) snowmelt in the mountainous portion of the drainage area that produces large runoff volumes, but relatively 
low peaks. 

Between the confluence of the Rio Hondo with the Pecos River (river mile S<i6) and river mile 484 (location of 
the former ~Millan Reservior, now part of Lake Brantley), the channel capacity of the Pecos River, without 
any overbaak flooding, is about 8,500 ft31s. In the reach between river mile 484 and the confluence of Dark 
Canyon near Carlsbad (river mile 459), the channel capacity is estimated to be 50,000 ft3/s. From the 
confluence of Dark Canyon to Red Bluff reservoir (river mile 411), the channel capacity is approximately 20,000 
ft31s.2 

Large floods are reported to have occurred on the Pecos River in 1893, 1904, 1905, 1915, 1916, 1919, 1937, 1941, 
and 1966. 3•

4
•
14 No data are available for the 1893 event. The earliest flood for which discharge information is 

available occurred on October 2, 1904 following the failure of Avalon Dam. This flood was caused by a storm 
that lasted me days and covered the upper catchments of the Pecos River, Rio Hondo, Rio Felix, and Rio 
Penasco. The runoff generated by that storm caused floods throughout the Pecos River basin, and during the 
flood, the peak flow at Avalon gaging station (river mile 466) probably exceeded 90,000 ft31s. The 
corresponding river stage is not available. The river stage at Red Bluff during this flood (river mile 411) is 
reported to have reached 28 feet (gage datum • 2,850.05 feet). 

Based on the records of the gaging station at Carlsbad (river mile 459), there was another major flood on July 
25, 1905, when the peak Oow of the Pecos reached 54,900 ft3 /s. The fourth and fifth major floods of the Pecos 
were on A~ 17, 1915 and August 7, 1916, when the peak flows at the Carlsbad gaging station reached 80,000 
and 85,700 fiJ/s, respec:tiwly, with regulation by the McMillan and rebuilt Avalon reservoirs. Another flood 
occurred in September 1919, when the river stage at the Malaga gaging station, approximately r7 miles 
downstream &om Carlsbad (river mile 432), was recorded at 29.4 feet (gage datum • 2,895.64 feet). The 
corresponding discharge was 40,400 fiJ /s. 

Another major flood on the Pecos Ri\'Cr is reported to have occurred on May 30, 1937, when the peak flow at 
Artesia (river mile 504) aad Lake Arthur (river mile 522) was 51,SOO fi3ts. The corresponding stage at Lalce 
Arthur wu n:n feet (pp datum • 3;JT1J17 feet). The area in the vicinity of Carlsbad was flooded again on 
May 22, 1941. when the peak flow at Dam site three (river mile 474) reac:hed 60,000 fiJJs with regulation by 
AbJnotordo (Lake SUIDDCI'), McMillan, and Avalon reservoirs. This flood resulted from intcase rainfall over 
the drainage area of the Pecos River upstream of Red Bluff reservoir. It produced a stage of 35.1 feet at 
Malaga. 

The highest flood of record (through 1986) on the Pecos River occurred on August 23, 1966, when the 
discharge and stage at Malaga Mre 120,000 fi31s and 42.1 feet, respectively, with regulation by the Alamogordo, 
McMillan, and Avalon reservoirs. The water surface profile of the Pecos River in Carlsbad during this flood is 
shown in Figure 2.4-4. 

The flood frequency c:une of the Pecos River at Malaga is shown in rsgure 2.4-5. An additional curve is 
included in this figure to show the attenuation at Malaga expected to be provided by the Brantley reservoir. 
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the Pecos River near Malaga are shown in Figure 2.4-7. The water surface elevations of the historic flood of 
August 23j 1966 are marked on these cross sections. which were used by the USGS to estimate the peak flow of 
120,000 ft /s that passed down the Pecos on August 23, 1966. 

To compute the conveyances of the cross sections shown in Figure 2.4-7, the USGS divided each of these cross 
sections into four subsections. The values of Manning's Jl used for each subsection are shown in Table 2.4-13. 
Based on a comparison of the photographs of the Pecos riverbed with those available in the literature 16 for 
known values of Do the USGS values of Table 2.4-13 are considered reasonable. 

The average water surface slope of the Pecos River in Carlsbad during the flood of August 23, 1966 was 0.00095 
(see F'tgure 2.4-4). The average water surface slope, based on high-water marks near Malaga recorded by the 
USGS for the same flood. is 0.00123. The energy slopes used by the USGS for its estimates of the flood 
discharge of August 23, 1966, for two consecutive reaches of 752 feet and 645 feet with beginning and ending 
cross section shown in F'tgure 2.4-7, are 0.00113 and 0.00161, respectively. In view of these values, it is assumed 
that the average energy slope during the PMF on the Pecos River would be about 0.001., i.e., S.28 ft/mi. For the 
three cross sections of the Pecos River near Malaga (F'tgurc 2.4-7), weighted average values of Manning's Il are 
computed using the equation: 

where 

AR213 
Jl• -----AiRi]JJ 

Di 

A • total cross sectional area 
R • hydraulic radius of cross section, in feet 
m - number of subsections in which a cross section is divided 
Ai • Arca of the itll subsection 
Di • Manning's roughness coefficient applicable to the ith subsection 
Ri • hydraulic radius of itll subsection, in feet 

Using the average of tbe weighted roughness coefficients computed previously (Table 2.4-13) and an average 
energy slope of 0.001, tbe water surface elevation corresponding to the PMF peak flow of 1,350,000 ft3 /s near 
the WIPP facility is estimated to be 2,980 feet MSL. 

2.4JJ Flgodig1 Protec;tion Rcqgjnment 

As calc:ulaled in the previous section, a very conservative estimate of the highest water surface elevation in the 
Pecos RiYer during a PMP is 2,980 feet MSL. This is about 420 feet below the floors of the surface structures at 
the WIPP facility, wbicb haw an elevation of approlilnately 3,400 feet MSL. The horizontal and vertical 
separations betw=n tbc PCCOI RiYer floodplain and the WIPP facility are great enough that floods in the Pecos 
River cannot affect tbe surface structures at the WIPP facility. Accordingly, there arc no Oood protection. 
requirements for the WIPP facility. ID addition, as stated in Section 2.4.22, the WIPP facility drainage 
structures will be desigr-d so that ponding during a PMP event docs not affect the surface structures. 
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