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ABSTRACT 

During the construction of the Thermal/Structural In Situ Test Rooms 
at the Waste Isolation Pilot Plant (WIPP) facility, measurements of the 
salt displacements were obtained at very early times, essentially 
concurrent with the mining activity. This was accomplished by emplacing 
manually read closure gage stations directly at the mining face, actually 
between the face and the mining machine, immediately upon mining of the 
intended gage location. Typically, these mining sequence closure 
measurements were taken within one hour of mining of the location and 
within one meter of the mining face. Readings were taken at these gage 
stations as the multipass mining continued, with the gage station 
reestablished as each successive mining pass destroyed the earlier gage 
points. Data reduction yields the displacement history during the mining 
operation. These early mining sequence closure data, when combined with 
the later data of the permanently emplaced closure gages, gives the total 
time-dependent closure displacements of the test rooms. This complete 
closure history is an essential part of assuring that the in situ test 
databases will provide an adequate basis for validation of the predictive 
technology of salt creep behavior, as required by the WIPP technology 
development program for disposal of radioactive waste in bedded salt. 
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1 INTRODUCTION 

In 1981 the Waste Isolation Pilot Plant (WIPP) Project, under the 

direction of the U.S. Department of Energy (DOE), began construction of a 

facility in southeastern New Mexico to support the development of the 

technology for safe disposal of radioactive waste from the U.S. defense 

programs. This facility may eventually become a repository for defense 

Transuranic (TRU) wastes, provided the facility is demonstrated to be 

acceptable, which means compliance with relevant regulatory requirements. 

Although the complete facility includes both surface and underground 

construction, the Repository Isolation Systems Department under the 

auspices of the WIPP Project Management Department at Sandia National 

Laboratories (SNL) is primarily concerned with development of the 

underground portion of the facility; that portion of the facility is the 

focus of this report. 

Underground construction is divided into three phases: (1) the Site 

and Preliminary Design Validation (SPDV), requiring the construction of 

two shafts and shaft stations, a limited entry system, the Transuranic 

Test Panel, and an exploratory drift (South Drift) to the southern 

extremity of the facility, (2) the Experimental Area, requiring the 

construction and fielding of several large research and development (R&D) 

Technology Development Program test rooms and the expansion of the shaft 

system, and ( 3 )  the TRU Waste Storage Area, requiring limited construction 

o f  a demonstration waste disposal panel to permit additional tests using 

real waste, and to demonstrate waste handling, storage, and facility 

operation. If the demonstration is successful and all of the necessary 

regulatory requirements are met, the facility could become operational and 

proceed to dispose of radioactive contact-handled (CH) and remote-handled 
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(RH) waste. The first two construction phases are complete; data are 

currently being acquired for technology development. The construction of 

the third phase has been completed in preparation for initial receipt of 

experimental quantities of TRU waste. Although some of the experiments 

have been completed and decommissioned, the Experimental Area remains 

fully operational, and the technology development activities continue. 

The research currently in progress and the research planned for the future 

within the Experimental Area are providing and will continue to provide in 

situ data of exceptional quantity and quality. 

The experimental activities conducted in the underground facility are 

the responsibility of SNL. These in situ activities consist of several 

very large - scale tests and many small-scale experiments to directly 

address important technology issues through the Repository Isolation 

Systems, Disposal Room Systems, and Fluid Flow and Transport Programs. 

The technology development program addresses directly those issues 

concerning disposal of TRU CH and RH wastes generated from current and 

past defense programs, as relevant to the proposed disposal of these TRU 

wastes at the WIPP. The details of these tests, as initially published in 

a planning document [l] , were carried forward through the individual test 

plans defining the implementation and fielding activities for each test. 

This report is specific to the Thermal/Structural Interactions (TSI) 

in situ tests of the Experimental Area. Within the T S I  tests are six 

2 major tests that involve four rooms or room complexes: (1) the 18 W/m 

Mockup for Defense High-Level Waste (DHLW) in Rooms AI, A2, and A3; (2) 

the Overtest for Simulated Defense High-Level Waste (DHLW) in Room B; (3) 

the Geomechanical Evaluation Test in Room G ;  ( 4 )  the Heated Axisymmetric 

Pillar Test in Room H; (5) the In Situ Stress Field (Hydrofrac) Test in 
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Room G ;  and ( 6 )  the Clay Seam Shear Test. The Clay Seam Shear Test is not 

yet fielded. Additional in situ TSI data were also obtained from the 

Mining Development Test in Room D, an early excavation to provide facility 

ventilation; the Intermediate Scale Borehole Test (ISBT) fielded in the 

pillar between Rooms C 1  and C2; and the Brine Inflow Test in the 

cylindrical excavation of Room Q. Several previous documents have 

discussed the planning, implementation, and fielding of the TSI in situ 

tests [ 2 - 4 1 ,  and the reader is referred to these original documents for 

more detailed information. 

This data report is one of a series intended to document the data 

obtained from the original TSI in situ tests and subsequent related tests 

and to make these data available to potential users. Other published data 

reports include those for the Mining Development Test (Room D) [ 5 ] ,  the 

Geomechanical Evaluation Test (Room G) [ 6 ] ,  the Heated Axisymmetric Pillar 

Test (Room H) [ 7 ] ,  the Overtest for Simulated Defense High-Level Waste 

(DHLW) (Room B) [ 8 ] ,  and the 1 8  W/m2 Mockup for Defense High-Level Waste 

(DHLW) (Rooms A )  [9,10]. The plan is to issue data reports for all of the 

TSI tests, including those for the ISBT and Room Q, as time and data 

reduction permits. 

This report focuses on the data acquired from the temporary, manually 

read closure gages established concurrently with the mining of the test 

rooms. These special gages were denoted as "mining sequence" closure 

gages. They were emplaced directly at the mining face, immediately after 

the mining machine had excavated the intended gage location. Closure gage 

points were monitored thereafter throughout the excavation operation, with 

mined-out points replaced as necessary during the multipass mining. The 

mining sequence closure measurements were intended to provide very early 
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closure data only until the permanent manual and remote closure stations 

were installed and operational. In general, the intent here is to report 

data f rom the time interval before the remote gages were taking data 

reliably, which was always less than 100 days for a typical test room. 

However, in a number of test rooms, the mining sequence closure gages 

continued to be read as a check and back-up on the remote closure gages 

for a much longer time; these data are reported here also. It should be 

noted that the mining sequence data are absolutely essential to the proper 

reconstruction of the total closure displacement taking place in any test 

room. The proper method for adding closure data from the permanent manual 

and remote gages to those mining sequence closure data to obtain the 

complete displacement history are, however, straightforward [ll]. The 

data contained in this report are self standing and complete. As a 

result, no data update in the future is thought to be necessary. 
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2 EXPERIMENT DESCRIPTION 

The individual test plans, as developed some two years in advance of 

fielding the in situ tests, did not include provision for obtaining the 

very early time displacement measurements. In part, this was a result of 

both a perception that interference with the mining operation was not 

advisable from the contractual standpoint and that any unmeasured 

displacements during the delay prior to the installation of permanent 

closure points would be too small to be of significance. As underground 

experience accumulated during the development of the SPDV area, it became 

apparent that displacements in the first few hours after excavation were 

significant. Indeed, it was then believed that the lost displacements 

would impair our ability to make meaningful validation comparisons. On 

this basis, construction contract modifications were made to permit the 

mining operation to accommodate the early closure measurements. An 

attempt was also made to obtain early closure measurements in the South 

Drift of the SPDV excavations; however, this was only partially successful 

because the poorly defined procedure f o r  establishing protected gage 

points in the drift floor and the unrecognized problems caused by 

multipass mining still caused delays in establishing a gage station. 

Reliable operating procedures and methods for emplacement of the mining 

sequence gages were established in time for use in the mining of Room D, a 

ventilation room, which was the first room of the second phase of 

underground excavation. 

As a consequence of  the late recognition of the need for the mining 

sequence gages, the installation of these gages was organized within the 

general excavation contract. Thus, the mining sequence gages were 

considered as "add-ons" to the overall construction activity, rather than 
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a part of the individual tests. The gage numbers, locations, and readings 

were defined for the entire Experimental Area at one time. The historical 

events of the development has caused the mining sequence data to be 

considered and treated as a separate database throughout the data 

acquisition and reduction system. Eventually, however, these data will be 

incorporated into the results of each of the individual in situ tests, as 

appropriate. Until such time as the mining sequence and the individual 

test room databases are combined, the analyst must be aware of both 

databases, and how both must be used in conjunction with each other. 

The room configurations and construction sequence are almost as 

requested in the comprehensive planning document [l] and the individual 

test plans; however, exact descriptions and special features of the room 

introduced during and after construction will appear in separate documents 

on construction and instrumentation. Also, further relevant information 

is contained in separate documents on the data acquisition system [12] and 

on the overall WIPP In Situ Data Acquisition, Analysis, and Management 

(WISDAAM) System [13]. Some limited information from these documents is 

extracted for our purposes here. 

2.1 Test Room Locations 

The mining sequence gages were emplaced in all of the TSI test rooms, 

as well as in Room D, Rooms C (ISBT) , and Room Q. All except Room Q are 

located in the Experimental Area in the north side o f  the underground 

facility (Figure 2.1.1). Room D, Room B, Room A2, Room AI, Room A3 and 

the ISBT are located in the eastern portion of the Experimental Area, and 

were excavated in the order listed. The ISBT was the last or most recent 

test fielded. Room G and Room H are located in the western portion of the 

Experimental Area, and were excavated in the order listed; however, the 
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Room H entry was actually excavated before any of the test rooms to permit 

early instrumentation in the pillar salt. Room Q is located in the SPDV 

portion of the facility, and was constructed considerably after the TSI 

test rooms. 

2.2 Construction 

For this report, the construction activities will be summarized in an 

abbreviated form. Only those activities that are relevant to the mining 

sequence manual gages will be included. Details of permanent and remote 

gage installation and measurement procedures will not be discussed. The 

construction activities are divided into sections on geology and mining, 

and mining sequence gage installation. 

2.2.1 Geology _ _  and MininR 

Because the mining sequence measurements were taken throughout the 

Experimental Area of the underground, we must discuss the complete mining 

operation. The stratigraphy of the Salado formation is composed of 

relatively thick layers of salt, anhydrite, and polyhalite separated by 

distinct interbeds and partings formed by thin clay seams and anhydrite. 

In the bedded stratigraphy, a number of these distinct layers and 

interbeds are found in the vicinity of the underground excavations. This 

stratigraphy has been mapped in detail, particularly over the local 

interval within approximately k 5 3  m (173 ft) of the WIPP excavations. 

The local stratigraphy is referenced to a coordinate system with the 

vertical zero fixed at a clay/anhydrite parting, denoted as either 

anhydrite "b" or Clay G. A detailed stratigraphy of the immediate region 

surrounding the test rooms was given initially as the '84 Reference 

Stratigraphy [14], but this has been updated recently [15] to that 

illustrated in Figure 2.2.1. This figure also shows all of the standard 
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clay seam and anhydrite layer designations. Detailed mapping of the 

exposed stratigraphy in the rooms and specific details of the stratigraphy 

adjacent to the room can be found in the construction report [ll]. 

Anhydrite "b" (Clay G )  is nominally 6 4 8 . 6  m ( 2 1 2 8 . 2  ft) below ground 

surface at the Construction and Salt Handling (C&SH) shaft. The floor of 

the C&SH shaft station, and what is commonly taken as the reference depth 

of the repository horizon, is at 6 5 5 . 3  m ( 2 1 5 0 . 0  ft). The actual 

repository horizon depth below ground surface changes with location in the 

underground due to both topographic changes of the ground surface and 

elevation changes underground caused by the dipping of the beds. A very 

slight dip in the stratigraphy to the south causes the test rooms in the 

north to be relatively higher in elevation. The maximum elevation change 

o f anhydrite "b over the entire north-south extent of the facility is 

approximately 6 . 4  m ( 2 1  ft). In terms of the increase, or decrease, in 

overburden thickness, this amounts to less than 1% over the extent o f  the 

underground excavations, as measured at the "b" anhydrite. Also, the 

stratigraphic bedding has an east-west undulation with a period of about 

100 m (328  ft) and an amplitude of as much as 5.0 m ( 1 6 . 4  ft). In terms 

of analysis, both the general north-south dip and east-west undulations 

are essentially insignificant. The individual rooms, and perhaps the 

facility as a whole, can be treated as having an orthogonal, flat-lying, 

horizontal coordinate system. 

In planning the locations of the excavations, it was necessary to 

assure that no partings which could cause roof instabilities remained in 

the immediate roof of the drifts and rooms. A s  a result, the mining 

followed the stratigraphy. Thus, in all excavations, the roof (back) was 

the control on vertical location, and the floor elevation became the 
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adjustable parameter of the excavation. The Experimental Area involved 

two different stratigraphic horizons: (1) the main WIPP repository horizon 

and (2) the heated DHLW test rooms horizon about 5.5  m (18 ft) above the 

main WIPP horizon. These are shown schematically in Figure 2.2.2 for a 

typical DHLW 5 . 5  m (18.0 ft) high by 5.5  m (18.0 ft) wide test room and a 

typical TRU Test Panel (repository) 3 . 9 6  m ( 1 3  ft) high by 10.06 m ( 3 3  ft) 

wide room. For the lower horizon rooms, the excavation removes Clay F to 

form the room roof; and, for the upper horizon rooms, the excavation just 

removes Clay I. The roof of the lower level excavations, the WIPP 

repository horizon, is at an elevation of - 2.00 m ( -  6 . 6  ft) in the local 

stratigraphy. The roof of the test rooms in the upper level horizon is at 

an elevation of + 4.30  m (+ 1 4 . 1  ft) in the local stratigraphy. 

The test room locations within the bedded salt formation can be 

related to the local stratigraphy given in Figure 2.2.1, which indicates 

the location of a heated, 5 .5  m (18.0 ft) wide by 5.5  m (18.0 ft) high, 

DHLW test room. It should be noted that the local stratigraphy, including 

the boundary conditions shown in Figure 2.2.1, are used for numerical 

calculations simulating the WIPP structural response. 

Except for Room Q and the ISBT, which are special cases, all mining 

excavation was performed under a fixed price contract by Ohbayashi-Gumi, a 

mining contractor. Excavation of the room entries and rooms was by a 

Mitsui-Miike continuous mining machines. The contractor, used two of 

these mining machines, operating concurrently, to maintain a very tight 

time schedule. The schedule was dictated by the need to have critical 

excavations available for prompt assembly of the data acquisition sheds 

and equipment and to permit the proper sequencing of certain test rooms. 

The actual schedule, independent of the specific locations of the two 
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mining machines, is given in Figure 2.2.3. 

The excavation sequence for the construction of the TSI tests was 

according to the following: (1) the two long entry drifts, N1420 and 

N1100, into the Room D location, (2) Room D, which is a ventilation drift 

and was a practice area for the mining contractor, a qualification area 

for the drilling contractor, and a training area for geotechnical and 

instrumentation crews, (3) the instrument shed alcoves in eastern N1420 

and western N1100, (4) the entry to Room H, which permitted installation 

of gages into what would eventually become the salt pillar, (5) the entry 

to Room G, which was also a mine-back portion of an earlier TSI hydrofrac 

test to measure in situ stresses, (6) Room B, which is a heated overtest, 

(7) Room A?, which is a heated mock-up configuration of a reference 

high-level defense waste (DHLW) repository, and which was fully 

instrumented and operational as a mine-by experiment before the two 

adjacent rooms of the A complex were mined, (8) Room Al, which is a 

thermally correct mock-up of the reference DHLW repository configuration, 

(9) Room A3, which is essentially identical to Al, (10) the first phase of 

Room G ,  which is a very long, unheated test room, and (11) Room H, which 

is a room formed as an annulus around a heated pillar. Additional phases 

of Room G initially planned to establish the north-south cross drift and 

wedge failure pillar have not been constructed. 

The continuous mining machines were operated in the road header 

configuration with a nominal mining face "foot print" of 3.84 m (12.6 ft) 

high by 4.88 m (16.0 ft) wide, which was smaller than most of the drifts 

and rooms at the WIPP. As a result, most of the drifts and all of the 

test rooms required multipass mining. As will become quite evident, 

multipass mining makes measurement of the early excavation displacements 
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complicated. In fact, this complication was the basis for the development 

o f  the mining sequence measurements and gages. 

The extensive records maintained on the mining progress in each of the 

TSI test rooms permit us to reconstruct details of the multipass mining. 

In most cases, the passes were continuous in the sense that the pass began 

at one end of the test room and progressed essentially uninterrupted to 

the other end. However, in some test rooms, because of insufficient 

control over the mining contractor or because of practical concerns, the 

individual passes were discontinuous and room excavation advanced by 

stages. Typically, the stages involved distances convenient for carrying 

forward the utilities of power, ventilation, and cooling water for the 

mining machine. Within a stage, each pass was continuous from the 

beginning to the end of the distance spanned by that stage. Where stages 

were used in the mining, the span of each stage was sufficient that the 

mining would appear to be truly multipass mining at any gage station 

centrally located within that stage. 

Practical requirements, typically those of "turning in" and ramping, 

necessitated by mining machine size and operation, often caused complex 

mining conditions at room entries, The room entries, however, are 

sufficiently removed from the central room test section that their effects 

are inconsequential during the time of interest. 

In preparation for construction of the test rooms in the northeastern 

portion of the Experimental Area, the excavation of the N1420 and NllOO 

entries and the instrument shed alcoves used both mining machines. The 

approximately 518 m (1700 ft) long N1420 entry was mined in a single pass 

by one machine to a cross section of about 3.7 m (12.0 ft) high by 4 . 3  m 

(14.0 ft) wide during the time between 1/10/84 and 3/16/84. Concurrently, 
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the  comparable length N l l O O  en t ry  w a s  mined i n  a s i n g l e  pass  by another 

machine t o  a c ros s  s e c t i o n  of about 2.6 m (8 .5  f t )  h igh  and 4 . 3  m (14.0 

f t )  wide between 1/9/84 and 3/13/84. T h e  N1420 machine mined Room C 1  and 

Room C 2 ,  two i n c i d e n t a l  rooms, and the  four  instrument shed alcoves t o  the  

no r th  of t he  N1420 e n t r y .  T h i s  machine w a s  then released f o r  excavations 

i n  o the r  p a r t s  of the f a c i l i t y  while t h e  N l l O O  machine remained and began 

the  multipass excavation of  t he  T S I  t e s t  rooms i n  the  nor theas te rn  area. 

W e  p r e s e n t  t he  multipass mining resul ts  i n  alphanumerical order  

according t o  the room designat ion.  (Not according t o  mining o r d e r ) .  

Room A 1  w a s  mined t o  the  f ina l  5 .5  m (18.0 f t )  high by 5 . 5  m (18.0 f t  

wide c r o s s  s e c t i o n  i n  four  major continuous passes from south t o  n o r t h ,  

followed by two minor f l o o r  t r i m  passes .  A s  shown i n  Figure 2 . 2 . 4 ,  mining 

of t he  f i r s t  pass s t a r t e d  on 9/14/84 and the  l a s t  t r i m  pass  w a s  f i n i shed  

on 10/10/84. The f i rs t  pass ,  4 . 0  m (13 .1  f t )  w i d e  and 3 .4  m (11.2 f t )  

h igh ,  w a s  something less than square i n  c ros s  s e c t i o n ,  as shown i n  the  

i n s e t  of Figure 2 .2 .4 .  The two i n i t i a l  passes l e f t  a bench which w a s  

removed by two subsequent main passes ,  each 1 . 8  m (5 .9  f t )  h igh ,  and the  

two f l o o r  t r i m s ,  each 0 . 3  m (1 .0  f t )  h igh .  The face advance with t ime, as 

determined from t h e  s h i f t  records,  f o r  a l l  mining passes i s  p l o t t e d  i n  

Figure 2 .2 .5 .  Advance rates wi th in  a given pass  are q u i t e  uniform. The 

excavation ra te  f o r  a given pass  w a s  r e l a t e d  t o  the  s i z e  of t he  face  being 

advanced, with smaller f ace  s i z e  passes having the  h i g h e s t  advance r a t e s .  

Room A 1  i s  separated from Room B on the  w e s t  by a 79.8 m (261.8 f t )  

t h i ck  b a r r i e r  p i l l a r  and from Room A2 on the  east  by a 18 .0  m (59.0 f t )  

t h i c k  p i l l a r .  

Room A2 w a s  mined t o  the  f i n a l  5 .5  m (18.0 f t )  h igh  5 . 5  m (18.0 f t )  

[ t e x t  continues on page 191 wide c ros s  s e c t i o n  i n  fou r  major continuous 
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passes from south t o  no r th ,  without s i g n i f i c a n t  subsequent t r i m  passes .  

A s  shown i n  Figure 2 . 2 . 6 ,  mining of the  f i r s t  pass s t a r t e d  on 6/29/84 and 

the l a s t  pass was completed on 7/24/84. The f i r s t  pas s ,  4 . 0  m ( 1 3 . 1  f t )  

wide by 3 . 7  m ( 1 2 . 1  f t )  h igh ,  was very near ly  of a square c ross  sec t ion ,  

as  shown i n  the i n s e t  of Figure 2 . 2 . 6 .  The t w o  i n i t i a l  passes l e f t  a 1 . 8  

m ( 5 . 9  f t )  high bench which was removed by the f i n a l  t w o  passes .  The face 

advance with time f o r  each pass is p l o t t e d  i n  Figure 2 . 2 . 7  and i s  qui te  

uniform f o r  a given pass .  

Room A2 i s  the c e n t r a l  room of the  three  room complex, separated from 

both Room A 1  and A3 by 1 8 . 0  m (59 .0  f t )  t h i ck  p i l l a r s .  

Room A3 was mined t o  the  f i n a l  5 . 5  m (18 .0  f t )  high by 5 . 5  m (18 .0  f t  

wide cross  sec t ion  i n  four  major continuous passes from south t o  north 

followed by two minor f l o o r  t r i m  passes ,  a s  was the  case f o r  Room A I .  A s  

shown i n  Figure 2 . 2 . 8 ,  mining of the f i r s t  pass s t a r t e d  on 10/13/84 and 

the  l a s t  t r i m  pass was f in i shed  11/6/84. A s  f o r  Room A l ,  the  f i r s t  pas s ,  

4 . 0  m ( 1 3 . 1  f t )  high by 3 . 4  m (11.2 f t )  w a s  something l e s s  than square i n  

cross  sec t ion .  The t w o  i n i t i a l  passes l e f t  a bench which was subsequently 

removed by t w o  main passes ,  each 1 . 8  m ( 5 . 9  f t )  h igh ,  and t w o  f l o o r  t r i m s ,  

each 0 . 3  m ( 1 . 0  f t )  high. The face advance with time f o r  each pass i s  

p l o t t e d  i n  Figure 2 . 2 . 9  and is  qu i t e  uniform f o r  a given pass .  

Room A3 i s  separated f r o m  Room A2 on the west by a 1 8 . 0  m (59 .0  f t )  

th ick  p i l l a r  and from Room D on the  e a s t  by a 79 .8  m (261 .8  f t )  t h i ck  

b a r r i e r  p i l l a r .  

Room B was cu t  from south t o  north i n  th ree  p r inc ipa l  passes ,  i n  which 

the  t h i r d  pass removed the bench i n  a s e r i e s  of s t ages .  The f i n a l  f l o o r  

e leva t ion  was obtained with t w o  small r i b  trimming passes on the lower 

p a r t  of the  room. The f i r s t  and l a r g e s t  [ t e x t  continues on page 241 
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Figure 2 . 2 . 8 .  Isometric of Multipass Mining of Room A3 
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pass ,  4 .3  m (14.1 f t )  wide by 3 . 7  m ( 1 2 . 1  f t )  h igh ,  w a s  accompanied by the 

second pass t o  obtain the f i n a l  5 .5  m (18.0 f t )  room width,  as shown i n  

Figure 2.2.10.  A s  is  evident ,  the f i r s t  pass was rectangular  i n  cross 

sec t ion .  These f i r s t  two passes were s taged i n  the  southern t h i r d  of the 

room and continuous i n  the northern two t h i r d s  of the  room. The t h i r d  

pass was s taged with t w o  concurrent t r i m  passes .  The t h i r d  main pass 

removed the c e n t r a l  4 . 6  m (15.1 f t )  p a r t  of the  bench t o  e s t a b l i s h  the 

f i n a l  room he ight  of 5.5 m (18.0 f t )  , while the two minor t r i m  passes o f  

the r i b s ,  one 0 . 3  m (1 .0  f t )  and the o ther  0 . 6  m ( 2 . 0  f t )  t h i c k  completed 

the removal o f  the  bench. Mining of the f i r s t  pass began on 5/4/84 and 

the f i n a l  t r i m  pass w a s  completed on 6 / 3 / 8 4 ,  a f t e r  a t o t a l  of 88 s h i f t s .  

The mining face  advance is shown i n  Figure 2 . 2 . 1 1 .  Ef fec ts  of the staged 

t h i r d  pass and t r i m s  f o r  removal of the bench caused an e r r a t i c  advance 

r a t e .  Note a l so  t h a t  two power outages r e s u l t e d  i n  about f i v e  days o f  

downtime during the mining of the second pass .  

Room B i s  separated from the E140 en t ry  d r i f t  on the west by a 248.3 m 

(814.6 f t )  t h i ck  b a r r i e r  p i l l a r  and from Room A 1  on the  e a s t  by a 7 9 . 8  m 

( 2 6 1 . 8  f t )  t h i c k  b a r r i e r  p i l l a r .  

The Rooms C ,  although not  a p a r t  of the T S I  tes t  s e r i e s ,  were 

excavated a t  the time of the mining of the  N1420 e n t r y  as p a r t  of the 

operat ional  demonstration f o r  l a rge  c a n i s t e r  emplacement equipment. The 

d e t a i l s  of these excavations a r e  o f  l i t t l e  importance except f o r  the 

eventual use of the p i l l a r  between these rooms as the l o c a t i o n  of the ISBT 

t e s t .  The mining machine turned i n t o  Room C 2  on 3/17/84 and mined a 

port ion of the upper bench, but  w a s  soon moved and turned i n t o  Room C 1  on 

3/28/84 while the machine w a s  i n  the sho r t  conveyor b e l t  configurat ion.  

After  the t u r n - i n  operat ion w a s  completed f o r  [ t e x t  continues on page 271 
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both rooms, t he  machine, then i n  the  long conveyor b e l t  configurat ion,  

mined the  complete upper bench and the  brows i n  Room C 1  and then returned 

t o  Room C 2  t o  mine i n  one f u l l  width pass the  upper bench of t h i s  room 

and then the  brows. Then the  f u l l  width pass of t he  lower bench of Room 

C 2  w a s  mined, followed by a similar operat ion i n  Room C 1 ,  t o  complete the 

two rooms. Both rooms were completed by 4/9/84. These rooms both have 

5 . 5  m (18.0 f t )  square c ros s  sec t ions  and are 29.9 m (98 .1  f t )  and 31.1 m 

(102.0 f t )  deep, r e spec t ive ly .  They are separated by an 18 .0  m ( 5 9 . 0  f t )  

t h i c k  p i l l a r .  

Essen t i a l ly  the re  a r e  no other  major excavations t o  t he  west,  no r th ,  

o r  e a s t  of the  rooms. 

Room D ,  as shown i n  Figure 2.2.12, w a s  excavated from south t o  north 

i n  four major passes ,  e s s e n t i a l l y  with each continuous pass completed the 

e n t i r e  length of t he  room before the  next pass w a s  s t a r t e d .  The f i r s t  

pas s ,  4 . 3  m (14 .1  f t )  wide by 3.7 m (12.1 f t )  h igh ,  w a s  excavated on the 

e a s t  s i d e  of t he  room. Then, the  second mining pass of about 1 . 2  m ( 3 . 9  

f t )  wide by 3 .7  m ( 1 2 . 1  f t )  high w a s  excavated. This l e f t  a r e s u l t i n g  

bench of about 1 . 8  m (5 .9  f t )  i n  he igh t  wi th in  the  room. A t  t h i s  p o i n t ,  

the  t h i r d  and fou r th  passes were taken in  sequence t o  remove t h e  bench. 

The t h i r d  pass on the  east  s i d e  of the room w a s  about 3.7 m ( 1 2 . 1  f t )  wide 

and the  f o u r t h ,  and f i n a l ,  pass on the  west s i d e  of t he  room removed the 

remainder of t he  bench, o r  about a width o f  1 . 8  m (5 .9  f t ) .  Room D 

excavation began on 3/14/84 and ended on 4/14/84. During each pass there  

were minor trimming operations on the r i b s  t o  b r ing  the  room within the 

dimensional  tolerances spec i f i ed .  However, s ince  the  s p e c i a l  mining 

tolerance s p e c i f i c a t i o n s  given f o r  the a c t u a l  T S I  t e s t  rooms d i d  not  apply 

t o  Room D ,  the  contractor  did not  make a c o s t l y  f i n a l  t r i m  pass on the 
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room floor. Consequently, floor roughness in Room D exceeded specified 

tolerances for the actual test rooms. The floor roughness in some places 

exceeded 0.3 m (1.0 ft); however, this rather localized occurrence does 

not significantly alter measured room closures. Nominal dimensions of the 

final room were 5.5 m (18.0 ft) wide by 5.5 m (18.0 ft) high. Room 

excavation rates are presented in Figure 2.2.13. These rates are quite 

constant for any given pass. 

Room D is separated from Room A3 on the west by a 79.8 m (261.8 ft) 

thick barrier pillar. To the east of Room D is an essentially infinite 

mass of undisturbed salt. 

In preparation for mining of the test rooms in the northwestern part 

o f  the Experimental Area, the NllOO and N1420 entries were developed for 

the SPDV excavations of the four room TRU Test Panel. These SPDV entry 

excavations were further developed to include entries to the two TSI tests 

and the necessary instrument shed alcoves. As indicated by the schedule 

sequence, the mining machine released from the northeastern part of the 

facility excavated the Room H and Room G entries before leaving the 

Experimental Area for mining activities in the southern part of the 

facility. While the second machine finished the rooms of the northeastern 

part of the Experimental Area, the Room H entry was instrumented and the 

Room G instrument shed preassembled near the Room G entry. Upon the 

completion of the northeastern excavations, the second machine returned to 

the northwestern part of the Experimental Area to mine first Room G and 

then Room H. 

Room G was excavated in a series of discontinuous steps, with each 

step some 15 m to 30 m (49 ft to 98 ft) long. Within a step the passes 

and trims were continuous. Each step required about three days of  mining 
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to complete. The excavation involved two main passes, with the first pass 

on the south side of the room being 2.7 m (8.9 ft) high by 4.3 m (14.1 ft) 

wide and the second pass on the north being of the same height and wide 

enough to complete the room to the final width of 6.1 m (20.0 ft). The 

floor was trimmed in two 0.3 m (1.0 ft) thick passes of  the same widths as 

the main passes. The specific details are shown by Figures 2.2.14 through 

2 . 2 . 1 6 .  Room excavation rates are plotted in Figure 2.2.17 and reflect 

the step-wise excavation sequence. Actually the effective rate of  

excavation of Room G is quite uniform if the time delay to mine the Room G 

alcove is ignored. 

Room G is intentionally placed so as to isolate it from the other WIPP 

underground excavations. The test room begins at the western end of a 

306.0 m (1003.9 ft) long access drift of somewhat smaller cross section 

than the test section. The access drift was later enlarged to the same 

cross section dimensions as the Room G test section; however, none of the 

excavation details of the entry influence the test section. 

To the west, north, and the south of Room G are essentially infinite 

extents of undisturbed salt. 

Room H is rather unusual because it is an annulus around an isolated, 

cylindrical pillar. The Room H entrv was mined south from the NllOO entry 

in a single pass 3.0 m (9.8 ft) high by 3 . 7  m (12.1 ft) wide, starting on 

4 / 1 6 / 8 4  and ending on 4/21/84 at what would eventually be the pillar 

surface. Mining sequence gages were placed in the entry and a collection 

of geomechanical gages were placed into the salt mass of what would become 

the pillar. Mining was interrupted for 277 days to obtain baseline data 

from these early gages. Excavation of the annular room began on 1/24/85 

and ended on 2/13/85. The room was cut in [text continues on page 361 
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three major asses, with trim passes on both the pillar and rib and three 

trim passes of the floor, as shown in Figure 2 .2 .18 .  The first main pass 

was mined 2 .7  m high (8 .9  ft) by approximately 4 . 3  m (14.1 ft) wide in a 

series of chords of the room centerline, going counterclockwise. The 

mining machine was turned around to excavate the 2.7 m ( 8 . 9  ft) high by 

about 3 . 0  m ( 9 . 8  ft) wide second major pass, going clockwise, to form the 

rib surface. This major rib pass was followed by a 2 . 7  m ( 8 . 9  ft) high by 

0 . 3  m (1.0 ft) thick pass, clockwise, to trim the rib. The mining machine 

was again turned around to excavate the 2 . 7  m ( 8 . 9  ft) by roughly 3.0 m 

( 9 . 8  ft) wide third major pass, going counterclockwise, to form the pillar 

surface. This major pillar pass was followed by a 2 .7  m ( 8 . 9  ft) high by 

0 . 3  m (1.0 ft) thick pass, counterclockwise, to trim the pillar. Next, 

three floor trim passes, each 0.3 m (1.0 ft) thick, were made in the foot 

prints of the three main passes but with a difference in order, which was 

first a counterclockwise central pass, next a counterclockwise pillar 

pass, and then a clockwise rib pass. These passes brought the annular 

room to the required 3 . 0 5  m (10.0 ft) high by 11.0 m ( 3 6 . 0  ft) wide 

dimensions and the pillar to its required 5 . 5  m ( 1 8 . 0  ft) radius. The 

rather complicated mining history of Room H is reflected in the mining 

face advance plot in Figure 2 .2 .19 .  

The rib of Room H is separated on the north from the N l l O O  entry drift 

by a 50.0 m ( 1 6 4 . 0  ft) thickness of salt. The N l l O O  entry is the closest 

excavation to the room, with the end of Room J some 57.8  m (189.6  ft) to 

the east and the EO entry some 171.7 m (561.5  ft) to the east. To the 

south some 207 .0  m (679.0  ft) is the excavation for the entry to the Air 

Intake shaft. Although Room G is located to the west, it is essentially 

quite remote. 

36 



TiH-6002-1 

w 

Figure 2.2.18. Isometric of Multipass Mining of Room H 

ROOM H 
meters - 

0 5 10 

SHIFT DESCRIPTION 
G - GRAVEYARD 
D - DAY 
S - SWING 

(0000 hr - 0800 hr) 
(0800 hr - 1600 hr) 
(1600 hr - 0000 hr) 

EXCAVATION STARTED 
ON 4/16/84 (JULIAN DAY 4107) 

AND AGAIN ON1124105 
(JULIAN DAY 5024) 

--- DENOTES ESTIMATED 
SHIFT PROGRESS 



8E
 

z! lo
 

crf
 

P,
 n
 

(D
 

=! s m
 

m
 6 D v

) m
 

0
 
n
 

n
 -
0
 

2
 

0
 

0
 

FA
C

E
 A

D
V

A
N

C
E

 (
m

) 
-
I
 

N
 

P
 

0
)
 

03
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

N
 
0
 

N
 

m
 



The ISBT was the last test to be fielded in the Experimencal Area. 

This test was not planned in the original TSI tests, but was proposed 

later by the National Academy of Sciences' WIPP Panel. The test was to 

determine possible scale effects in salt deformation, with the intent of 

potentially resolving an early discrepancy between calculated and measured 

room closure. The excavation consists of a 0.91 m ( 3 . 0  ft) diameter hole 

drilled from Room C2 through the pillar into Room C1. The drill hole 

center line is located approximately at midlength of the somewhat unequal 

length rooms, parallel to and 15.2 m (50.0 ft) from the 3.7  m (12.0 ft) 

high by 4 . 3  m (14.0 ft) wide N1420 entry, as shown in Figure 2.2.20. The 

vertical center of the drill hole is in the middle of the clear salt layer 

found in the lower half of the room (see Figure 2.2.2) some 1.62 m (5.30 

ft) above the room floor. To assure the drill hole remains centered in 

the salt layer, the center line dips slightly as it goes from Room C2 to 

Room C1 to accommodate the dip in the stratigraphy. Rooms C cross 

sections are each 5 . 5  m (18 .0  ft) high by 5.5 m (18.0 ft) wide and the 

pillar is 18.0 m (59.0 ft) thick. 

The ISBT drill hole was excavated using a Longyear ESH-38 drilling 

machine and a specially fabricated core bit with a centralizer stem that 

could core to a depth of about 1.02 m (1 .35  ft). The core drill was 

guided by a 22.2 mm (0.875 in.) diameter pilot hole along previously 

drilled along the ISBT hole center line. Drilling was in stages to 

accommodate the finite length of core that could be taken by core bit. At 

each stage, the drilling progressed to the length of the core bit, then 

the bit was withdrawn from the hole leaving the core still attached at the 

base of the drill cut. The core length was broken loose and removed from 

the drill hole. This operation continued until the hole was completed. 
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Details of the daily drilling operation are shown in the isometric of 

Figure 2.2.20. The excavation rate, as given in Figure 2.2.21, was quite 

uniform, except at the beginning of the drilling where maintaining 

directional control required special attention and later when drilling was 

stopped over a weekend. Mining sequence gage measurements were made in 

the borehole while it was being drilled in essentially the same manner as 

the mining sequence measurements in a test room. 

A s  noted in the previous discussion of Rooms C ,  excavation of these 

rooms started on 3/17/84 and finished on 4/9/84. Some 6.7 years later, 

drilling o f  the ISBT began on 12/03/90 and was completed on 12/13/90. 

Considerably after the completion of the TSI test rooms, an important 

test was fielded outside of the Experimental Area in what was initially 

the SPDV portion of the facility. This test was the Brine Inflow test in 

Room Q. Although the purpose of this test was not to determine structural 

response, it was possible to make geomechanical measurements during the 

excavation of this unique room which would augment the mining sequence 

results from the TSI tests. 

Room Q is a very long cylindrical room excavated by full-face boring 

using a Robbins Tunnel Boring Machine. The work was accomplished under a 

fixed price contract by Boretec, Inc. In preparation for the boring 

operation, the 3.66 m (12 ft) high by 6.10 m (20.0 ft ) wide S90 drift was 

extended westward 82.3 m (270 ft) from the W620 entry by continuous miner 

to a region well removed from the influence of earlier excavations. At 

the western end of the drift extension, a large instrument alcove was 

excavated, with dimensions of 9.1 m (30.0 ft) deep by 24.4 m (80.0 ft) 

wide and 4 . 7 5  m (15.6 ft) high. Room Q was bored westward from this 

instrument alcove in a single pass beginning on 7/12/89 and finishing on 
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8/8/89, as shown in the isometric of Figure 2 . 2 . 2 2 .  The room was 2 . 9 0  m 

(9.5 ft) in diameter and nominally 106.7 m ( 3 5 0 . 0  ft) long, with a conical 

face about 1.7 m (5.5 ft) deep at the room end. The cylindrical axis of 

the room was 0.69 m ( 2 . 2 5  ft) above an orange marker bed that is a 

geological feature often used to control the elevation of the excavation 

process. This placed the roof invert line (the top of the cylindrical 

excavation) at the same elevation as the roof of the planned storage rooms 

and the four SPDV test panel rooms, as shown in Figure 2 . 2 . 2 .  The center 

of the room is taken as midway along the longitudinal axis o r  53.3 m 

( 1 7 5 . 0  ft) from the alcove. A plot of the face advance rate, as given in 

Figure 2.2.23, shows considerable variation, primarily because of the 

initially slow excavation process as the boring machine was being "sunk" 

into the salt mass. 

Room Q is separated from the W620 entry drift by an 8 2 . 3 0  m (270.0 ft) 

long access drift and 6.10 m ( 2 0 . 0  ft) wide instrument alcoves. The 

nearest excavation to the north of Room Q is Room G ,  some 361 m ( 1 1 8 4  ft) 

away. To the west and south of Room Q is essentially an infinite extent 

of undisturbed salt. 

2.2.2 Mining Sequence Gages - 

The mining sequence gages were special manual closure points developed 

specifically for rapid installation in very restricted spaces and under 

severe time restraints, by a crew operating without normal utilities. A s  

shown schematically in Figure 2 . 2 . 2 4 ,  a gage point installation consists 

of a 12.7 mm (0.5 in.) drill hole, nominally 2 5 . 4  mm (1.0 in.) deep, made 

with a hand-held electric drill. Into this hole is placed a threaded male 

Ramset bolt onto which is  attached a 9 . 4 3  mm ( 0 . 3 7 5  in.) female eyebolt. 

Because the eyebolt is below the surface of [text continues on page - 471 
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Figure 2 . 2 . 2 4 .  Schematic of a Mining Sequence Gage Point 
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the excavation, it is protected from further normal activities of the 

miners and mining machinery. There was no attempt to cover the 

installation which meant that muck could and did fill in around the 

emplacement as the excavation process continued. It was found that these 

installations were quite durable even though floor installations had to 

endure severe heavy machine traffic. 

Each mining sequence gage has a distinguishing code. These gage 

designations (numbers) were configured to convey important information 

about the gage. The gage designation code is a set of seven alphanumeric 

characters (for example, AlMO1-1 that contains several useful pieces of 

information. The first character is a letter representing the specific 

test room (in this example, the "A" test). The next character field 

indicates a subtest within the room (in this case the Room "1" subtest of 

the A test). The gage type is given by the next three characters. For 

gages that were part of the initial test plan, the first character is a 

number whose value represents a specific gage type. Special gages, such 

as the mining sequence gages, added after completion of the test plan, 

have a gage type with an initial alphabetic character keyed to the type of 

special gage. For example, the mining sequence gages in Room A1 are 

designated AlMxx, where llxx" is a unique number representing an individual 

unit. The sixth alphanumeric character is the subunit. In the mining 

sequence gages we encounter only one type of subunit indicated with a " - "  

which tells us that the gages of the subunit are all contained in the same 

borehole. Since there are no actual boreholes for the mining sequence 

gage, this is a figurative designation indicating that all of the gages of 

a unit are along the same line through the cross section. Finally the 

last numerical character is the specific gage of the unit. Gages of a 
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unit or subunit may range from 0 to 9. Normally, some units, such as the 

permanent closure gage types, have only 1 gage. However, in the case of 

the mining sequence gages, a sequence o f  gage numbers was associated with 

the replacement of mined-out gage points. Thus, the gages installed in 

the first pass were all designated as gage "1" . If a subsequent pass 

mined out gage 1, its reinstallation, which is actually a new gage length, 

is designated as a gage corresponding to the number o f  the pass. In some 

rooms the multipass mining sequence resulted in the designation of up to 

gage " 3 " .  In cases where a trim pass was required that removed little 

salt, the gage point was replaced but retained the same gage number, which 

is consistent with the idea that it is not a new gage because the gage 

length did not change. 

The location of each gage is specified, within the tolerance limits of 

installation, in terms of  the room rectangular (X,Y,Z) or cylindrical 

(R,T,Z) coordinate system. Ideally, the geometric center of the room is 

X=O, Y=O, and Z=O where "X" is positive in the east direction, "Y" is 

positive in the north direction, and "Z" is positive in the vertical 

(upward) direction. The cylindrical coordinate system is used for Room H 

only, with the origin of R=O, Z=O in the center of the pillar. "Z" is 

positive in the vertical (upward) direction, "T" is a positive angle taken 

in the counterclockwise direction from a zero line to the east, and "R" is 

a radius which has only positive values, The gage location requires pairs 

of coordinates which specify the two end locations of the closure gage. 

Because of the peculiarities of excavation of the test rooms in a 

slightly dipping geology, two pairs of "Z "  values are given. One pair of 

values is the location in terms of the test room coordinate system; the 

other pair of  values is in terms of the local midheight origin of the gage 
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station. The locations in both coordinate systems are presented for each 

gage * 

2.2.3 Gage Stations 

A simple complete mining sequence closure station consisted of two 

pairs of gage points, one pair to measure vertical displacements and one 

pair to measure horizontal displacements. 

Gage point surveying of a station required only a plumb bob and string 

level. For a simple station, the plumb line was dropped from the roof of 

the excavation, at about midspan. At midheight of the plumb line string, 

a horizontal string line, using a string level, was stretched between 

ribs. The plumb line was adjusted to the midpoint of  the horizontal 

string line. Rough perpendicularity to the room axis was assured by 

obtaining the minimum possible string length between the two ribs. Gage 

points were installed at the locations at which the plumb line and the 

horizontal string lines touched the excavation surfaces. Location 

accuracy depended upon the roughness of the excavation surfaces, which 

according to the permitted construction tolerances was k 76 mm (k 3.0 in.) 

The simple closure station procedure became more complex for multipass 

mining situations which involved other than midspan or midheight gage 

locations. However, the same basic installation method applied. 

The procedure developed for establishing a gage station was compatible 

with the mining activity. The requested station locations as determined 

by the Principal Investigator (PI) were only target locations. Actual 

station locations, although close to the requested station locations, were 

determined by the normal pauses in the excavation activities. This was 

necessary to minimize the delay to the mining contractor caused by gage 

installation. Typically, station locations were within k 1.5 m (t 5.0 ft) 
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of the requested location. When the mining machine had excavated about 

0.9 m (3.0 ft) beyond the intended station, mining was stopped and the 

machine backed sufficiently away from the mining face to permit the 

geotechnical crew to work in front of the mining machine. A similar 

procedure was used in Room Q, where the boring machine was withdrawn from 

the excavation face and the geotechnical crew removed a segment of the 

machine shield to gain access to the space in front of the boring 

machine. In the ISBT, the geotechnical crew crawled into the borehole as 

soon as the drill bit and core segment were removed from the location of 

the station to be installed. 

Once the station location was made available by the mining contractor, 

the geotechnical crew removed the muck from the floor to clear the spot 

intended for the gage and installed the gages. The geotechnical crew 

could install a complete simple mining sequence station within about 30 

minutes, including the initial gage reading. Even in those cases where 

unusual circumstances made installation more difficult, the maximum 

installation time never exceeded one hour. 

As soon as the station was installed, initial tape extensometer 

readings taken, and the mining machine or drill was again advanced to the 

mining face to continue the excavation process. 

Although the exact installation depends upon the details of the mining 

passes, the final room size, and the station configuration, the principles 

governing the station installation are illustrated by an example for the 

DHLW test rooms. In this example, typically, for the first pass, gage 

points are installed at the midspan and midheight of the pass dimensions, 

and also at the midspan and midheight of the final room dimensions. As 

shown in Figure 2.2.25 for this typical four pass excavation, the gage 
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points installed in the first pass are I-K and H - J  for the first pass 

dimensions and A - C  and B-D for the final room dimensions. The second pass 

mined out some of the gage points installed in the first pass which 

required the installation of  new gage points, L and F in Figure 2.2.25. 

In a similar manner, the third mining pass also removed previous gage 

points, which in the example of Figure 2.2.25 are reinstalled as a single 

midspan gage point for the final room dimension. The fourth pass did not 

remove any existing gage points. A s  indicated, any gage point removed by 

trimming of the room surfaces was replaced at the same location. All 

reinstalled and replaced gage points were emplaced in front of the mining 

machine under the same conditions of time and excavation face separation 

as the original points. 

2.2.4 Data Acquisition Procedure 

Initial readings using a manually read tape extensometer were obtained 

immediately upon the installation of the gage station and, just as in the 

case o f  the original gage installation, initial readings were taken f o r  

any reinstallation or replacement of a gage point. In a typical example, 

as the gage station was excavated on the first pass and the mining machine 

was backed away from the mining excavation face, the gage points were 

installed and initial readings obtained. These gages were again read as 

soon as the mining had advanced enough that the mining machine had cleared 

the points (the length of the mining machine and conveyer system was about 

12.2 m (40 ft)). Gage readings continued as the mining machine moved away 

from the station to complete the first pass and the machine was moved back 

into position for the beginning of the second pass. Readings of the 

station established on the first pass continued as the excavation face of 

the second pass approached the station and, if the second pass destroyed 
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any of the first pass gage points, these were reinstalled and new initial 

readings taken. Again, gage readings continued as soon as the mining 

machine cleared the station, and moved away in the completion of the 

second pass. The same procedure was used in any subsequent pass, as well 

as for any trim pass. 

The mining sequence gage measurements were all made using a manual 

tape extensometer, calibrated periodically against a known length o f  a 

transfer standard. The transfer standard was itself calibrated against a 

primary standard. 

2.2.5 Gage Locations 

There were a total of 24 mining sequence stations installed in the TSI 

tests. In addition there were seven mining sequence stations installed in 

the ISBT and four mining sequence stations installed in the Room Q test. 

At these stations, there were an initial total of 104 mining sequence 

gages installed. 

The permanent gages of any test room were concentrated at various 

stations or cross sections, which were designated "principal" (as 

explained in detail in Section 2.3.1) stations along the room length. 

These concentrations make it possible to specify accurately the gage 

installation locations and analysis procedures. Because of the 

requirements o f  mining, the mining sequence gage stations do not always 

correspond to a principal station of the permanent gages of the test room; 

however, they are typically close enough to each other to assure little, 

if any, error in transferring the mining sequence gage measurements to the 

permanent gages of the principal station. This is certainly the case for 

the central mining sequence station and the associated central principal 

station. 
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Gage locations for the mining sequence gages are shown in the 

schematic plan views given for each of the Rooms Al, A2, A3, B, and D in 

Figure 2.2.26. Gage station cross sections are given for Room A1 in 

Figure 2.2.27, Room A2 in Figure 2.2.28, Room A3 in Figure 2.2.29, Room B 

in Figure 2.2.30, and Room D in Figure 2.2.31. All of these rooms have 

identical room dimensions and were excavated in a similar manner. In 

Table 2.2.1, the actual dimensions of the final room and each mining pass 

are summarized for the similar rooms, together with the ratios of gage 

location to span or height. A s  is evident, the relative gage location 

with respect to the span or height changes abruptly with each mining 

pass. Although not required for our purposes here, Munson et al. [16] 

have shown how the closure curves at a nearly constant span ratio can be 

constructed from the multipass data. 

The remaining tests, three large rooms and one drill hole, are quite 

dissimilar; some are just single pass excavations, whereas others are 

not. Also, the geometries encompass two rooms with rectangular cross 

sections and two tests with circular sections. The station locations for 

Room G are given in Figure 2.2.32, with cross sections in Figure 2.2.33; 

for Room H in Figure 2.2.34 and Figures 2.2.35 and 2.2.36; for the ISBT in 

Figure 2.2.37 and Figure 2.2.38; and for Room Q in Figure 2.2.39 and 

Figure 2.2.40. Table 2.2.2 summarizes the initial final room and mining 

pass dimensions for the non-similar rooms, together with the span and 

height ratios for the gage locations. 

2.2.6 Operation 

Although the official date at which the various test rooms were 

considered to be operational depended on various test details, we consider 

the mining sequence gages to have been [text continues on page 611 
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Figure  2.2.27. Mining Sequence Gage Station Cross Sections in Room A 1  
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Figure 2.2.28. Mining Sequence Gage Station Cross Sections in Room A2 
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Figure 2.2.29. Mining Sequence Gage Station Cross Sections in Room A3 
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Figure 2.2.30. Mining Sequence Gage Station Cross Sections in Room B 
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Mining Sequence Gage Station Cross Sections in Room D 
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Table 2.2.1. Fina l  and Multipass Dimensions f o r  Similar  Rooms 

Unit D i r  P a s s  1 P a s s  2 P a s s  3 P a s s  4 + T r i m  
-F ina l  - 

Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ 
Hght* Hght Hght Hght 

(m) ( % >  (m)  ( % >  (4 ( % I  ( m )  ( 8 )  

AlMOl V -1 3.11 (61) (48) -3 5.18 - -  -3 5.45 (48) 
AlM03 H -1 4.19 (87) -2 5.41 - -  (49) -2 5.61 (49) 
AlM04 v -1 3.12 (50) (40) xx xx (40) 
AIM02 h -1 4.41 (47) - 2  5.59 - -  (27) -2 5.59 (27) 

AlMll V -1 3.39 (57) (46) -3 5.09 - -  -3 5.54 (46) 
AlM13 H -1 4.22 (79) -2 5.41 - -  (50) -2 5.63 (50) 
AlM14 v -1 3.38 (49) (40) xx xx (40) 
AIM12 h -1 4.56 (47) -2 5.63 - -  (29) -2 5.63 (29) 

AlM21 V -1 3.16 (70) (48) -3 5.13 - -  -3 5.47 (48) 
AlM23 H -1 3.69 (85) -2 5.46 - -  (49) -2 5.59 (49) 
AlM24 v -1 3.19 (49) (34) xx xx (34) 
AlM22 h -1 3.83 (48) -2 5.61 - -  (28) -2 5.61 (28) 

A2M01 V -1 3.01 (64) (50) -3 5.68 - -  -3 5.68 (50) 
A2M03 H -1 4.03 (91) -2 5.30 - -  (50) -2 5.60 (50) 
A2M04 v -1 2.95 (51) (34) xx xx (34) 
A2M02 h -1 4.33 (52) -2 5.65 - -  (29) -2 5.65 (29) 

A2Mll V -1 3.05 (58) (47) -3 5.52 - -  -3 5.52 (47) 
A2M13 H -1 4.18 (87) -2 5.49 - -  (49) -2 5.57 (49) 
A2M14 v -1 3.05 (49) (40) xx xx (40) 
A2M12 h -1 4.49 (45) -2 5.76 - -  (25) -2 5.76 (25) 

A2M21 V -1 3.07 (62) (50) - 3  5.65 - -  -3 5.67 (50) 
A2M23 H -1 4.12 (89) -2 5.35 - -  (50) -2 5.64 (50) 
A2M24 v -1 3.10 (49) (38) xx xx (38) 
A2M22 h -1 4.41 (49) -2 5.71 - -  (28) -2 5.71 (28) 

A3M01 V -1 3.21 (61) (48) -3 5.01 - -  -3 5.49 (48) 
A3M03 H -1 4.14 (86) -2 5.43 - -  (50) -2 5.65 (50) 
A3M04 v -1 3.20 (51) (40) xx xx (40) 
A3M02 h -1 4.39 (48) -2 5.66 - -  (28) 5.66 (28) 

A3Mll V -1 3.54 (58) (49) -3 5.07 - -  -3 5.43 (49) 

A3M14 v -1 3.55 (50) (43) XX xx (43) 
A3M13 H -1 4.46 (76) -2 5.51 - -  (49) -2 5.60 (49) 

A3M12 h -1 4.65 (46) -2 5.61 - -  (30) -2 5.61 (30) 
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Table 2.2.1. Final and Multipass Dimensions for Similar Rooms (Cont.) 

Unit Dir Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final - 

Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ 
Hght 

(m) 

A3M21 V 
A3M23 H 
A3M24 v 
A3M22 h 

B M01 V 
B M03 H 
B M04 v 
B M02 h 

B M11 V 
B M13 H 
B M14 v 
B M12 h 

B M21 V 
B M23 H 
B M24 v 
B M22 h 

D M01 V 
D M03 H 
D M04 v 
D M02 h 

D M11 V 
D M13 H 
D M14 v 
D M12 h 

D M21 V 
D M23 H 
D M24 v 
D M22 h 

-1 3.50 (57) 
-1 4.64 (76) 
-1 3.53 (50) 
-1 4.82 (47) 

(49) 

(44) 
-2 5.54 - -  

-2 5.64 - -  

-3 5.07 - -  
(49) 

(30) 
xx 

- 3  5.47 (49) 
-2 5.59 (49) 

xx (44) 
-2 5.64 (30) 

-1 3.35 (60) 
-1 4.36 (76) 
-1 3.35 (50) 
-1 4.55 (46) 

(48) 

(40) 
-2 5.55 - -  

-2 5.74 - -  

-3 5.24 - -  
(47 I 
(28) 

xx 

-3 5.49 (48) 
-2 5.64 (47) 

xx (40) 
-2 5.74 (28) 

-1 3.39 (62) 
-1 4.18 (78) 
-1 3.38 (49) 
-1 4.27 (48) 

(48) 

(39) 
-2 5.58 - -  

-2 5.69 - -  

- 3  5.19 - -  
(48) 

(29) 
xx 

-3 5.53 (48) 
-2 5.63 (48) 

xx (39) 
-2 5.69 (29) 

-1 3.17 (60) 
-1 4.36 (83) 
-1 3.18 (50) 
-1 4.58 (43) 

(50) 

(42) 
-2 5.49 - -  

-2 5.68 - -  

-3 5.29 - -  
(48) 

(25) 
xx 

- 3  5.53 (50) 
-2 5.57 (48) 

xx (42) 
-2 5.68 (25) 

-1 3.45 (69) 
-1 3.74 (73) 
-1 3.46 (48) 
-1 3.95 (45) 

(51) 

(36) 
-2 5.42 - -  

-2 5.53 - -  

-3 5.56 - -  
(46) 

(28) 
xx 

-3 5.56 (51) 
-2 5.42 (46) 

xx (36) 
-2 5.53 (28) 

-1 3.74 (66) 
-1 4.31 (70) 
-1 3.72 (48) 
-1 4.40 (46) 

(53) 

(38) 
- 2  5.53 - -  

-2 5.57 - -  

-3 5.69 - -  
(47) 

(31) 
xx 

-3 5.69 (53) 
-2 5.53 (47) 

xx (38) 
-2 5.57 (31) 

-1 3.73 (62) 
-1 4.41 (68) 
-1 3.77 (51) 
-1 4.63 (44) 

(52) 

(43 I 
-2 5.55 - -  

-2 5.65 - -  

- 3  5.64 - -  
(47) 

(31) 
xx 

-3 5.64 (52) 
-2 5.55 (47) 

xx (43) 
-3 5.65 (31) 

* Note: Span or height percentages are calculated from the right rib or the 
back ( r o o f )  of the room. The - -  notation mean the value has not changed 
from the previously given value. The xx notation means that the gage was 
discontinued or not reinstalled after being mined out. 

[text continues on page - 721 
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Table 2.2.2. Final  and Multipass Dimensions f o r  Non-Similar Rooms 

Unit D i r  P a s s  1 P a s s  2 Pass 3 P a s s  4 + T r i m  
-F ina l  - 

Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ 

-1 3.09 (48) 
-2 6.16 (52) 

xx (24) 

GAM01 V 
GAM02 H 
GAM04 v 

GBM21 V 
GBM22 H 
GBM24 v 

GDMll V 
GDM12 H 
GDM14 v 

H M01 V 
H M02 H 

H M11 V 
H M12 H 
H M14 v 
H M15 v 

H M21 V 
H M22 H 
H M24 v 
H M25 v 

H M31 V 
H M32 H 
H M35 v 

C2M01 V 
C2M02 H 

C2M21 V 
C2M22 H 

C2M41 V 
C2M42 H 

C2M61 V 
C2M62 H 

C2M71 V 
C2M72 H 

-1 2.58 (66) 
-1 3.37 (61) 
-1 2.58 (32) 

(48) 

(24) 
-2 6.16 - -  

None 
None 
None 

-1 3.06 (50) 
-2 6.18 (50) 

xx (30) 

-1 2.74 (84) 
-1 4.36 (54) 
-1 2.73 (44) 

None 
None 

(47) 

(30) 
-2 6.18 - -  

-1 3.06 (47) 
-2 6.18 (52) 

xx (30) 

-1 2.52 (69) 
-1 4.23 (55) 
-1 2.52 (43) 

None 
None 
None 

-1 3.20 (50) 
-1 3.81 (47) 

-1 3.20 (50) 
-1 3.81 (47) 

None 
None 

None 
None 

(50) 

(54) 
(37) 

-3 10.92 - -  
-1 3.05 (50) 
-3 10.93 (53) 

xx (54) 
-1 3.01 (37) 

-1 2.59 (46) 
-1 4.10 (61) 
-1 2.59 (54) 
-1 2.60 (16) 

-2 7.70 - -  

-1 2.65 (44) 
-1 4.51 (70) 
-1 2.61 (54) 
-1 2.43 (24) 

(51) 

(56) 
(43) 

-3 10.62 - -  
-1 3.16 (51) 
-3 10.95 (53) 

xx (56) 
-1 3.14 (43) 

-2 8.20 - -  

(47) 

(36) 
-3 10.69 - -  

-1 3.02 (47) 
-3 11.05 (50) 
-1 3.09 (36) 

-1 2.65 (59) 
-1 4.61 (58)  
-1 2.68 (32) 

- 2  7.04 - -  

-1 0.95 (50) 
-1 0.97 (50) 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

None 
None 

-1 0.95 (50) 
-1 0.97 (50) 

-1 0.95 (50) 
-1 0.96 (50) 

-1 0.95 (50) 
-1 0.96 (50) 

None 
None 

-1 0.95 (50) 
-1 0.95 (50) 

-1 0.95 (50) 
-1 0.95 (50) 

None 
None 

-1 0.96 (50) 
-1 0.96 (50) 

None 
None 

-1 0.96 (50) 
-1 0.96 (50) 

-1 0.96 (50) 
-1 0.97 (50) 

-1 0.96 (50) 
-1 0.97 (50) 

None 
None 
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Table 2.2.2. Final and Multipass Dimensions for Non-Similar Rooms (Cont.) 

Unit 

C2M81 
C2M82 

C2M91 
C2M92 

QPMO 1 
QPMO 2 

QPM31 
QPM32 

QPM5l 
QPM52 

QPM8l 
QPM8 2 

* Note 

Dir Pass 1 Pass 2 Pass 3 

Gage Len. Span/ Gage Len. Span/ Gage Len. Span/ 
Hght Hght Hght 

(m) ( % I  (m) ( % >  (m) ( % I  

v 
H 

v 
H 

v 
H 

v 
H 

V 
H 

V 
H 

-1 0.96 (50) None None 
-1 0.97 (50) None None 

-1 0.96 (50) None None 
-1 0.96 (50) None None 

-1 2.91 (50) None None 
-1 2.91 (50) None None 

-1 2.95 (50) None None 
-1 2.92 (50) None None 

-1 2.91 (50) None None 
-1 2.93 (50) None None 

-1 2.91 (50) None None 
-1 2.92 (50) None None 

Pass 4 + Trim 

Gage Len. Span/ 
-Final - 

Hght 
(m) (%I 

-1 0.96 (50) 
-1 0.97 (50) 

-1 0.96 (50) 
-1 0.96 (50) 

-1 2.91 (50) 
-1 2.91 (50) 

-1 2.95 (50) 
-1 2.92 (50) 

-1 2.91 (50) 
-1 2.93 (50) 

-1 2.91 (50) 
-1 2.92 (50) 

Span or height percentages are calculated from the right rib or the 
back (roof) of the room. The - -  notation means the value has not changed 
from the previously given value. The xx notations mean that the gage was 
discontinued or not reinstalled after being mined out. 

operational immediately upon installation. The intent, and the need, was 

to obtain as much of the early closure displacements as physically 

possible. The manual readings of the mining sequence closure gages 

continued throughout excavation and construction of the test rooms and for 

some time thereafter. In fact, a number of these gages still remain 

active, although gage readings have become infrequent. It was necessary 

for the purposes of this report to limit the amount o f  data to some 

reasonable quantity. Consequently, sufficient data were taken to assure 
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an adequate overlap (at least of two months) in the data of the mining 

sequence closure gages and the permanent closure gages. This permits a 

reconstruction of the complete closure history of the test rooms with 

considerable accuracy. Mining sequence gage data after the remote data 

became available merely duplicates and makes possible a redundancy check 

on the more extensive remote data. 

2.3 Special Features 

Certain special features of the fielding of the in situ tests relate 

directly to the analysis of the data presented here and in other data 

reports. For TSI tests in general, except for some gages fielded as 

special groups, most gages were installed in groupings at "principal 

stations," and many of the displacement gages were "linked" together, both 

physically and in time. A s  a further refinement of the tests, gages at 

principal stations, and even special collections of gages, are often 

related to each other by symmetry; and therefore, a system of checks on 

gage performance of the regular TSI manual and remote reading gages is 

readily established for the tests through redundancy. However, it should 

be remembered that the mining sequence gages and gage stations in the 

completed test room may appear to be related by symmetry; but, because the 

excavation process is fundamentally three-dimensional (3-D) , that is 

non-symmetrical, the data obtained for any given gage will not be a 

duplicate of any other gage. Only at late times, after the effects of  the 

mining excavation sequence diminish, can the displacements again be 

expected to reflect the symmetry of the room. 

For the purposes of this report, we will consider all o f  the mining 

sequence gages as a special gage group. However, the mining sequence 

gages are grouped at a station in close proximity to a principal station 
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of permanent displacement gages. This allows reconstruction of the 

principal station displacement by the addition of mining sequence, 

temporary, and permanent gage data to give a complete closure history. 

2.3.1 Principal Stations 

Even though the mining sequence gage stations are a special case of 

the principal station concept, it is important to understand the reason 

for the principal station concept. All of the tests were designed 

assuming an ideal, flat-lying, bedded-salt stratigraphy, which is also an 

assumption required for analyses using two-dimensional (2-D), plane 

strain, numerical models. It was necessary to adapt the ideal 

two-dimensional conditions appropriately to the actual field conditions of 

slightly dipping beds. As noted earlier, the field conditions required 

following the beds because of a parting in the roof. Actually, following 

the beds conforms to two-dimensionality because it preserves the fixed 

location of the opening with respect to the layered stratigraphy. 

However, location and installation of the gages over the total length of 

the room presented a problem. To minimize the problem, collections of 

gages were located relative to a local reference, called a principal 

station. Thus, it is possible to create a local reference at the 

principal station that is a flat-lying coordinate system with the origin 

centered vertically at the principal station. The local coordinate system 

is an orthogonal system in X (positive to the east), Y (positive to the 

north), and Z (positive up) directions or a cylindrical system in R 

(positive radially), T (positive in the counterclockwise direction, and Z 

(positive up). Z moves up and down according to the dip of the 

stratigraphy. Gages within about 1.0 m ( 3 . 3  ft) of the principal station 

are assigned to the station. As a consequence of the principal station 
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concept, gages are given two sets of Z coordinates; one set is relative to 

the principal station zero (local coordinate system), and the other set is 

relative to the test room coordinate zero (room coordinate system). Use 

of principal stations not only simplifies fielding the gages but also aids 

considerably in analyzing the data. The small amount of dip that occurs 

in the actual room setting is automatically removed if the two-dimensional 

(2-D) analysis utilizes principal station (local) coordinates. 

Table 2.3.1 organizes the gages according to their principal station, 

for easy reference. The table also gives the principal station directory 

name as contained in the WISDAAM System data base management system [ 1 3 ] .  

2.3.2 Gage Linkine 

All TSI tests were designed to provide a complete data history. To do 

this, we linked the gages in both time sequence and physical sequence. 

The following example shows primarily the time linking of the closure 

gages. For this example, a mining sequence closure gage station was 

placed in proximity to the location of the future temporary closure gage 

station. The temporaxy closure station was in turn located within about 

0.3 m (1.0 ft) of the permanent closure station. As a result of this 

location procedure, the data of the very early closures obtained manually 

from the mining sequence station can be linked to the later closures 

obtained manually at the temporary closure station, and these can be 

linked in turn to the even later closures obtained remotely from the 

permanent gage station. The distances between these different gage 

stations were intentionally minimized so as to introduce as little error 

as possible into the displacements when the data were linked, and to give 

the complete time history of salt displacements at a given station. Time 

linking of closure data is discussed and demonstrated in at least four 
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Table 2.3.1. Mining Sequence Gages Grouped by Principal Station 

Principal Station Type 
(Constant Y or T) 

Room A1 

AlST- 16 
A1 ST - 01 
A1ST014 

Room A2 

A2ST- 16 
A2ST-01 
A2ST014 

A3ST-17 
A3ST-01 
A3ST014 

Room B 

B ST-16 
B ST-01 
B ST014 

Room D 

D ST-16 
D ST-01 
D ST009 

Room G 

GAST-45 
GDST-01 
GBST074 

Room H & Entry 

H ST091 
H ST178 
H ST268 
H ST360 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

MS Closure(M) 
MS Closure (M) 
MS Closure (M) 

MS Closure (M) 
MS Closure(M) 
MS Closure(M) 

Units (Gages) 

AlMO1, A1M02, AlM03, AlM04 
A1M11, AlM12, AlM13, AlM14 
A1M21, A1M22, AlM23, A1M24 

A2M01, A2M02, A2M03, A2M04 
A2Ml1, A2M12, A2M13, A2M14 
A2M21, A2M22, A2M23, A2M24 

A3M01, A3M02, A3M03, A3M04 
A3Ml1, A3M12, A3M13, A3M14 
A3M21, A3M22, A3M23, A3M24 

B Mol, B M02, B M03, B M04 
B M11, B M12, B M13, B M14 
B M21, B M22, B M23, B M24 

D Mol, D M02, D M03, D M04 
D M11, D M12, D M13, D M14 
D M21, D M22, D M23, D M24 

GAM01 , GAM02 
GDM11, GDM12 
GBM21, GBM22 

MS Closure(M) H Mol, H M02 
MS Closure(M) H M11, H M12, H M13, H M14 
MS Closure (M) H M21, H M22, H M23, H M24 
MS Closure(M) H M31, H M32, H M33, H M34 
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Table 2.3.1. Mining Sequence Gages Grouped by Principal Station (Cont.) 

Principal Station 
(Constant Y or X) 

C2ST-09 
C2ST-06 
C2ST-03 
C2ST 00 
C2ST 03 
C2ST 06 
C2ST 09 

Room Q 

QPST 52 
QPST 28 
QPST - 04 
QPST- 34 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 
MS Closure(M) 
MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

MS Closure(M) 
MS Closure(M) 
MS Closure(M) 
MS Closure(M) 

earlier analysis papers [ll, 17-19]. 

Units (Gages) 

C2M01, C2M02 
C2M21, C2M22 
C2M41, C2M42 
C2M61, C2M62 
C2M71, C2M72 
C2M81, C2M82 
C2M91, C2M92 

QPMO1, QPM02 
QPM31, QPM32 
QPM51, QPM52 
QPM81, QPM82 

Actually, physical linking of the gages pertains on,y to L e  permanent 

displacement gages associated with a given principal station. Physical 

linking originates in the details of gage installation in collared holes. 

All of the permanent gages were installed on 0.53 m (21 in.) flanged pipe 

collars grouted 0.46 m (18 in.) into the salt. The outer flange surface 

o f  the collars served as the reference surface from which all distances 

were measured for installation, as-built surveys, and displacements. In 

the case of the multipoint extensometers and the remote permanent closure 

gages, the gage or unit was attached to or measured at the collar 

reference flange surface. The sharing of a common reference surface means 

that the displacements measured by the appropriate linked gages at a 

principal station are in a continuous system and are exactly related to 

each other. A s  a consequence, well-defined displacement balances are 
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possible. A displacement balance is just the room closure minus the sum 

of the salt displacements as measured for the deepest anchors of opposing 

extensometers. If the extensometer measurements contain all of the salt 

displacements, then the balance will be zero. 

A note of caution is given here. Although the displacement gages were 

physically linked while fielding the gages, it was not possible to field 

the gages simultaneously. Therefore, the time distribution o f  the 

fielding of the gages causes the origin of a given gage data to be shifted 

by some amount in both time and dimlacement with respect to the other 

physically linked gages. The procedure for correctly reconstructing the 

displacements to correct for the lost displacements caused by the time 

shifts is not discussed in this report; only the reduced data are 

presented here. Reconstruction to account correctly for all installation 

time shifts are more properly an analysis activity, because it requires 

knowledge of the constitutive model of salt behavior and appropriate 

numerical calculations. Also, the time correction for the linking of  

displacements will involve not only the physically linked gages but also 

the earlier displacements of the mining sequence and temporary gages. 

2.3.3 Special Gage Groups 

The mining sequence gages, in the sense of being fielded globally and 

being initially treated as a group covering all of the TSI tests, are a 

special group of gages. However, this is a peculiarity of the history of 

this group of gages. After data reduction of the individual gages, the 

data were put into the WISDAAM System such that the mining sequence gage 

stations were associated with the nearest appropriate principal station o f  

the proper test room. A s  a result, the mining sequence gages have finally 

become principal station gages rather than a special gage group. 
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3 DATA REDUCTION PROCESS 

Even though all of the data presented in this report are entirely from 

manually read gages, these data are part of a larger system of data 

collection, reduction, and storage for the TSI tests. It is important 

that the overall system be described so that the mining sequence data can 

be put into proper context. The use of the mining sequence data will be 

through the overall system, and more specifically, through the individual 

databases for each test room. 

The critical nature of data used in any development or process 

involving repositories for the disposal of radioactive waste requires that 

all data collection, reduction, and analysis must be formally documented. 

This documentation formalism is certainly necessary even for the R&D 

activities of the Technology Development Program, o f  which the TSI in situ 

tests are a part. Data reduction forms a special part of a larger data 

collection, analysis, management, and documentation system developed for 

the in situ tests. This larger system is denoted as the WIPP In Situ Data 

- Acquisition, Analysis, and Management (WISDAAM) System [13]. The 

important parts o f  the system for this data report are the manual data 

reduction and Quality Assurance (QA) procedures. 

3 . 1  WISDAAM System Functions 

Input to the raw data base is either manual (paper forms) or remote 

(electronic computer). Both types have large associated data bases. 

Incorporating them into a single, quality-controlled, reduced data base 

requires care and some effort. Although the mining sequence data were all 

taken manually, these data normally will be used in conjunction with other 

manual and remote data. As a result, all aspects of the data system will 

be relevant to the user. 
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3.1.1 Manual Data 

Manual data, handwritten records concerning nearly all aspects of the 

in situ tests, include far more than just the actual gage data. For this 

report, only the manually taken gage data concern us. These data are 

collected on special forms and placed into the WISDAAM, QA-controlled, 

Notebook System as raw data [ 1 3 ] .  This Notebook System, as a special 

appendix to the TSI in situ test plans, is maintained in the WIPP Central 

Files of the Waste Management Technology Library at SNL. From the raw 

data base, the data are entered into a computer-based management system 

using dBase I11 and reduced at individual work stations on IBM-AT 

computers. The result of the data reduction process is QA Certified 

Data. It is the responsibility o f  the Principal Investigator (PI) for the 

test to determine when the data become certified. These certified data 

are transferred to the overall data base management system installed on 

the central WISDAAM System data base management MicroVAX I1 computer. 

Detailed explanations of the reduction process and the exact procedures 

for manual data are available [ 2 0 ] .  

3.1.2 Remote Data 

The remotely collected data come from the automated data acquisition 

system (DAS) at the WIPP site [ 1 2 ] .  Analog voltage data from individual 

gages are periodically interrogated by digital voltmeters located in 

underground instrument sheds adjacent to the in situ test. The digital 

data are transmitted by wire from the underground shed to a ModComp 

Classic 7840 computer at ground surface. These data constitute the raw 

remote data base. From raw voltages, gage calibrations, and conversion 

factors, raw engineering values are calculated and stored as part of the 

raw data base. Periodically, the data are transferred to magnetic tape 
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and transported to the central WISDAAM System data management MicroVAX I1 

computer. These tapes are considered part of the WISDAAM, QA-controlled, 

Notebook System [13] and are also retained in the Sandia WIPP Central 

Files. When the tapes are entered into the MicroVAX I1 computer system, 

the raw data are compressed by the removal of redundant data, and then 

reduced. The resulting reduced data are certified by the PI and stored in 

the MicroVAX I1 computer as Certified Data. Descriptions of the computer 

software components, the data reduction system, and procedures for 

reduction of remote data are available [21]. 

3.2 Oualitv Assurance (OA) Requirements 

Extensive QA procedures have been practiced before, during, and after 

fielding the in situ tests. These QA procedures begin with the Sandia 

Quality Assurance Program Plan for the Waste Isolation Pilot Plant (WIPP) 

[22] and the specific QA requirements of the individual test plans. 

Although the overall QA has many implications for the data, we are 

concerned here only with the specific practices that relate to the data 

reduction process. The reduction process is compatible with overall QA 

requirements and includes QA features peculiar to a working data reduction 

system and the WISDAAM System. As a necessary requirement of the QA 

practice, all the raw and reduced data bases are periodically archived on 

long-lived (about 25 years), maintenance-free, optical disks. 

3.2.1 Reduction Levels 

Because of the massive amount of raw data, the high level of overall 

QA, and the need to document the reduction process, the TSI program has 

defined several well-controlled levels of data reduction that can be 

associated with a set of  very specific repetitive activities and routine 

treatment o f  data: 
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Level 0 - - - -  Raw data in the form of magnetic tape or paper 

records. Remote raw data are stored in the MicroVAX I1 

computer; manual raw data in the Notebook System. 

Level 1 - - - -  Remote data compressed by removal of nondata zeros, 

system flags, and redundant (values identical within 

the least significant figure) data; and manual data 

entered into the MicroVAX I1 computer data base. 

Level 2 - - - -  All documented, known-cause corrections to the manual 

and remote data are made to the data and noted. 

Level 3 - - - -  All undocumented, known-cause corrections to the 

manual and remote data are made and noted. 

Certified - -  Level 3 data, PI approved as Certified Data, published 

in a data report, and available for use in analysis. 

Level 1 data reduction is fairly straightforward. Because raw remote 

data are collected on a very frequent schedule, many of the readings 

change only in the places beyond the least significant figure. Thus, 

readings that are identical to the place of the least significant figure 

are redundant, and only one value needs to be retained. At Level 1, the 

raw manual data simply are transferred under close QA checks to a computer 

data base. 

Level 2 data reduction for both remote and manual data are the 

corrections taken when a planned or inadvertent human activity involving 

the gage o r  data acquisition system alters the gage reading(s). Examples 

are power failure, gage maintenance, gage replacement, and intentional or 

accidental disconnection of a gage. Because of the nature of the human 

activity, and because of the QA requirement to document that activity, the 

exact time and the exact activity are known. Correction procedures for 
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these activities can be employed properly in the data reduction. 

Level 3 data reduction activities are basically routine and involve a 

known problem of the gage response that is not the result of a planned or 

accidental human action. These problems are the result of gage 

peculiarities or uncontrolled events. Examples are gage hysteresis, an 

unpredictable event controlled by the gage; low-resistance shorts to 

ground because of collection of moisture; an undetected reading error; or 

a necessary routine reconstruction of zeros because of destruction of a 

gage point. When these events occur, it is apparent from a characteristic 

signature of the gage response; thus, corrective data reduction actions 

can be determined and applied routinely. 

In developing the data reduction procedures, we were extremely careful 

to assure that no activity was in the realm of analysis. In other words, 

no modifications or corrections were made during data reduction that 

required the application of abstract concepts, scientific judgments, or 

fundamental interpretations to the data. These reduction levels were 

applied rigorously. All data reduction was documented by level for each 

gage, and these records form an important part of the data base. 

3.2.2 Certified Data 

After data reduction has been applied to a given gage and the data 

have progressed to Level 3 ,  the Principal Investigator (PI) checks to 

determine that (1) all reduction activities are proper, (2) all relevant 

data for the gage are included in the records, and (3) all QA requirements 

have been fulfilled. At this point, the PI is responsible for application 

of the QA Stamp to the data, which then becomes Certified Data. Certified 

or QA Stamped Data are releasable to analysts for their use. 

All the data in this report are Certified. 
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4 REDUCED DATA PRESENTATION 

Presentation of the mining sequence closure data from the TSI tests, 

including the ISBT, and Room Q Test, in exactly the manner matched to the 

needs of any specific analyst, is quite difficult. We can, however, 

present the data in a reasonable form and provide several keys that permit 

the analyst to readily find the desired collection of data. The first key 

is found in Table 2.3.1. All gages of the principal station are shown in 

the table, which gives the analyst a comprehensive overview of the 

instruments in the test. Analysis might logically center on a principal 

station. As noted previously, the gage number (designation) contains 

specific gage information that indicates the test room, gage type, unit 

number, and gage number. Thus, it is possible to determine the gage type 

directly from the gage number. In the case of this report, all of the 

gages carry the designation of "xxMxx" indicating that they are mining 

sequence gages. All the data are presented in sections (Chapter 5) 

according to individual test room, beginning with Room A1 and progressing 

in alphabetical order. All data in each section are presented by gage 

number in ascending order. At the beginning of each of the sections is a 

location guide (table) showing the schematic location of each of the gages 

at the principal stations. Use of the guide permits identification of 

gages peculiar to the needs of the analyst. From the guide, for example, 

all the gage numbers for the vertical closure gages can be readily 

identified. Gage numbering generally follows a systematic pattern to aid 

in identifying direction or location. 

In each section, individual gage data are presented for that room. 

This includes a table for each gage (in most cases a unit consisting of  

several gages) that contains first the PI Comments on the quality and the 
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important aspects of the data reduction and, second, the Information and 

Location lists specifying location and other relevant information 

concerning the unit (gages). The location of the gage is given in both 

room and principal station coordinates. The third and final information 

on the page is a table of the Gage - Length - on Installation that gives the 

initial reading of each gage according to the mining passes. On the 

following page, the closure data for the gage(s) are then shown in one or 

two graphs. 

In this report we are concerned only with manual gages; the 

consideration of the remote gages can be found in data reports which 

include remote data. Several items in the pI Comments on the mining 

sequence manual gages themselves require some explanation. First, the 

comments indicate the date of the evaluation, the initials of the 

person(s) responsible for the data reduction, and a percentage of retained 

data. The retained data relates almost automatically to the collection 

quality of the data, but not to the correctness of the data. In other 

words, the data could have very little meaning in terms of analysis and 

physical correctness and still have a high retention. Thus, the retention 

is actually more of a measure of the type and number of reduction actions 

taken during the reduction process and the severity of the actions. Also, 

we need to note that manual data are treated differently than remote data 

in Level 1. There never are redundant manual data, and so the compression 

ratio of 1:l always applies. 

The Location information gives the Y (or T) coordinate of  the 

principal station designation and the actual station for the unit o r  

gages. Then tabular entries present the gage number, type, gage direction 

(vertical, horizontal, or diagonal), initial gage status (permanent or 
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temporary) , recording method (remote or manual), gage manufacturer, 

initial installation date, and item number. The table continues with the 

X,Y,Z (R,T,Z) coordinate pairs for both ends of the gage (with sets of Z 

in both Principal (Local) Station and Room coordinates). 

The Gage Length on Installation is given in a final table. These are 

the measured initial lengths measured at the time the gage was installed. 

Because a given gage point installed on one pass could be mined out on any 

subsequent pass, a given unit may have several initial lengths, each 

specified as a different gage. Because the final trim could change the 

gage length, the initial length of the fourth pass includes the trim. 

These lengths are the measured lengths. 

Facing the PI Comments page are graphs of the data for the station. 

The unique nature of the mining sequence gage station causes the data of 

several units to be placed on the same graph. This presentation gives a 

complete history of the displacement at that station through all of the 

multipass mining. Typically, there are two graphs of the same station. 

One graph covers just the period of the excavation, usually the first 50 

days, in which the detail of the multiple pass mining is evident. The 

other graph covers the complete period over which the mining sequence 

gages were monitored. In some cases this period extends to the cut off 

date of this report, even though the gages may still be active. The total 

times for the second graph range from 350 to 2800 days after installation 

of the station. Several items are included to aid the viewer. The room, 

the principal station, and the gage (or unit) number with a symbol legend 

that distinguishes each gage within a unit are shown in the upper left 

corner. In most cases, a cartoon cross section showing the physical 

location of the gage(s) is given in the upper or lower right corner. The 
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cartoon gives the relative location and designation of  the gages in the 

station cross section. The graph origin is linked to the calendar and 

Julian day (Jday) on which the gage was first recorded. An abbreviated 

form o f  Julian day is used in which the first number is the last digit of  

the calendar year (two numbers are used beginning with 1990) and the 

remaining numbers are the total days of the year to that day. It is 

possible, consequently, to arithmetically manipulate Julian days in modulo 

3 6 5  (leap year 3 6 6 ) .  Like graphs can be compared by overlaying them 

because the engineering values of the ordinate and the time values of the 

abscissa axes are normally plotted to identical scales. 
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5 REDUCED DATA 

The mining sequence closure gages measure the surface displacements of 

the underground excavations or openings concurrently with the excavation 

process, be it either single or multipass mining. These measurements are 

crucial because they give the integrated effect of the creep displacements 

in the salt around the excavation. Moreover, because the mining sequence 

closure gages were installed concurrently with the excavation, their data 

assures that as much of  the salt displacement is captured as is physically 

possible. 

Before we discuss the data of  each test room, please note a very 

significant appraisal of data quality: the data about to be presented are 

of high quality. This is noteworthy because they were obtained from 

large-scale underground field tests under sometimes harsh and congested 

environmental conditions and under occasionally difficult operational 

constraints. They would be judged o f  superior quality even against 

typical laboratory data obtained under ideal conditions. The geotechnical 

crews showed considerable dedication to their task to obtain such high 

quality data. 

The data return from the mining sequence gages during the construction 

of the test rooms was also remarkable, by any measure. The principal 

causes for l o s s  of manual mining sequence gage data were lack of access to 

the gage because of mining activity and gross reading errors. Both causes 

resulted in minor loss of data. There was about a 98% total return of  

manual data from the 104 mining sequence units (158 gages), during the 

period the tests were in operation or the period covered by this report. 

Failure of gages was essentially zero. Here we consider failure to 

mean a nonmaintainable condition leading to obviously incorrect data and, 
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possibly, discontinuation of the measurement. As of the date covered by 

this report, all the mining sequence gages in active test rooms continue 

to be maintained and can be read, although the reading of  most of these 

manual gages is very infrequent. By the stated standard, none of the 

mining sequence gages can be considered failed during a test. 

In addition to the comments on data quality, there are a number of 

comments required because of the peculiar nature of the mining sequence 

gages and the resulting data. These very important comments follow. 

Replacement of a gage point of any destroyed or lost permanent closure 

gage in an existing room, which does not involve an excavation o f  salt 

prior to the replacement, is treated in the Level 3 data reduction by a 

simple shift in the measured displacements after the replacement to 

account for the rezeroing of the data at the time of gage point 

replacement. Such a simple procedure is not normally possible for lost 

mining sequence gage points destroyed during multipass mining. Because 

the multipass mining operation may not only remove gage points but a l s o  

substantial amounts of salt, the mining sequence data require a data 

reduction step that differs from those normally permitted in Level 3 data 

reduction. For mining sequence gage data, this reduction step requires an 

interpolation to adjust those data obtained prior to the removal of the 

gage point to those obtained after the removal of the gage point. 

The reason this adjustment is more difficult for mining sequence data 

than for the permanent closure data is the result of three-dimensional 

effects at the mining face and the significant change in the gage length 

between the mined out gage and the reinstalled gage. These factors result 

in a pronounced difference in the displacement rates before and after the 

excavation face passes the affected mining sequence gage station. The 
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transition between the displacement conditions of the former excavation 

dimensions resulting from earlier passes and the new excavation dimensions 

being produced by the current pass forms a continuous displacement curve. 

Theoretically, the displacement must accelerate as the mining face of a 

given pass approaches the affected station and decelerate as the mining 

face moves away from the affected station. The form of this transition 

curve is poorly defined by the mining sequence measurements because 

equipment operation constraints and installation delays do not permit the 

reading frequency necessary to adequately resolve the transients during 

the critical time period that the station is being excavated. In 

addition, the form of the transition displacement curve is non-symmetric 

because the excavation of a given pass increases the gage length at the 

station. 

An interpretation method developed for this reduction process attempts 

to minimize the uncertainty in establishing the transition curve and in 

determining the proper displacement shift for the measured data. The 

procedure uses the face advance rate to obtain the apparent time of 

station excavation (gage point removal). Then, the "before excavation" 

displacement of the o l d  gage length is obtained by forward extrapolation, 

based on the most recent available (accelerating) closure rate, to the 

time of station excavation. This forward extrapolation establishes the 

displacement at the time and location of the mined out point. After the 

point was reinstalled and an initial reading taken, sufficient data were 

taken to establish the change (deceleration) in displacement rate of the 

new gage length. Because the initial reading is delayed in time, it does 

not account for the amount of displacement occurring between the time of 

station excavation and the initial reading. As a consequence, a back 
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extrapolation of the "after excavation" displacement rate is used to 

obtain a correction to the initial reading. Thus, the interpretation 

permits the displacement before and after station excavation to be 

established at the time of station excavation. A shift of the "after" 

excavation data by the displacement amount of the "before" excavation 

closures establishes the curves presented in this report. 

In all of the following graphs of  the data. the lejzend - of symbols for 

individual curves are all open symbols: however, on the curves of data 

some points are filled. These filled data points are those obtained by 

the procedure iust described for the reconstruction of the transition 

displacements for that unit (gage). 

For minor trim passes or simple replacement of a destroyed gage point 

not involving excavation, the transition curve reduces to an extrapolation 

at nearly constant slope across the interval of time that the data are 

missing, and the simple reduction procedure for reestablishing the gage 

displacement is applied. 

The transition associated with face advance through a station is not 

unique to multipass mining but occurs even on a single mining pass. For 

the first pass excavation, the salt behind the mining face experiences 

creep displacements as the mining face approaches the location of the, as 

yet, uninstalled mining sequence gage station. Although, the transition 

in displacement, with the same characteristic changes in displacement 

rates, applies to a single pass or the first pass o f  multipass mining, it 

differs because there is no prior displacement history upon which t o  base 

the forward extrapolation. Consequently, it is possible to only partially 

correct, within the limits of the correction procedure, the measured 

displacement for the delay time between the mining of the gage station and 
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gage installation. For the first pass data presented here, the measured 

"after excavation" transition rate is simply back extrapolated to the time 

of the station excavation. Displacements that occur prior to the time of 

station excavation could not used to estimate the first pass "before 

excavation" transition rates, because these rates cannot be determined 

experimentally, except under some very special circumstances. The only 

manner that these displacements can be estimated is through numerical 

calculation [ 2 3 ]  and are normally small compared to the measured 

displacements obtained at the mining face from the mining sequence gages. 

It is also appropriate to make a few general comments which apply to 

all o f  the mining sequence data independent of test room. It is apparent 

that the measured response at any station within a room is very similar to 

any other station, except for the obvious differences in the time interval 

between passes as a result of excavation history. The differences in the 

interval between passes cause the associated displacements between passes 

to also differ. However. the excavation history effects diminish rather 

quickly. and within 40-60 days from the initial pass excavation, the total 

measured displacements are nearly identical, as demonstrated by Munson et 

al. [ 1 6 ] .  This observation has some important consequences because it 

demonstrates that the exact excavation method and history does not have a 

lasting affect on the displacement of the finished excavation. This 

conclusion may have been anticipated, because the stress and strain 

perturbations induced by the mining sequence are near to the excavation 

surface and will exhibit rather high creep rates, which means the time 

required to obtain a uniform redistribution of stress and strain fields 

around the final opening is short, on the order of the time to complete 

the multipass mining. An example of this uniformity of the displacements 
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of the finished room can be seen in the data of the three mining sequence 

gage stations of Room D. Superposition of these data show that the 

accumulated displacements at 60 days are essentially identical. 

A l s o ,  as one would expect, the measured displacements from those rooms 

with the same final dimensions, although the details of the multipass 

mining differ, have very nearly the same measured displacements within a 

short time o f  completion of mining. This can be seen in the results of 

the central stations in Room D, Room B ,  and Room A2 (for early times, 

before the deformation is affected by the mining of the adjacent rooms, A 1  

and A 3 ) .  

One of the interesting aspects of  the mining sequence measurements was 

found by Munson et al. [16] through a process of non-dimensionalization of 

the displacements. This process divides the measured displacements by the 

initial dimension of the excavation to produce a measure o f  the effective 

strain in the salt around the excavation. Although this closure is not a 

true strain, this non-dimensionalized displacement has been designated as 

a "pseudostrain". Pseudostrain has the advantage o f  permitting comparison 

of not only  dimensionally identical single or multipass excavations but 

also comparison of geometrically similar single or multipass excavations. 

We are now ready to present the mining sequence data. This is done in 

alphabetical order according to the test designation. 
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5.1 Rooms A I .  A2 .  and A3 Mining Sequence Closure Data 

The 18-W/m2 Mockup of Defense High-Level Waste (DHLW) is the test 

fielded in Rooms Al, A2, and A3. The test used electrical heaters to 

simulate the heat output of high level waste in a waste canister and room 

configuration thought to be representative of a potential high level waste 

repository. Although the actual repository would consist of a number of 

disposal rooms, the test configuration was limited to three rooms because 

of economic constraints. This was felt to be a reasonable compromise that 

would produce nearly the correct stress on the central room and pillars 

and that could simulate the thermal fields correctly, at least for the 

expected three year duration of the test. The three room configuration 

also permitted a "mine-by" experiment to be performed in which the central 

room was excavated and instrumented before the two outside rooms were 

excavated. The mechanical behavior of the Rooms A complex, including the 

mining sequence closure, has been analyzed by Munson et al. [24]. 

Excavation of Room A2 started on the graveyard shift of 6/29/84 and 

ended on the day shift of 7/24/84. This room was instrumented with the 

geomechanical gages within 45 days. Excavation of Room A 1  started on the 

swing shift of 9/14/84 and ended on the graveyard shift of 10/10/84 .  The 

excavation of the final room of the complex, Room A3, started on the 

graveyard shift of 10/13/84 and ended on the day shift of 11/6/84. The 

heaters in all rooms of the complex were activated on 10/2/85. 

A fall of the roof in Room A2 on 6/19/90 resulted in termination of 

the experiment. Although many of the gages in the Room A2 and the 

unaffected adjacent rooms remained in operation and continued to be 

monitored, heating of the rooms stopped, which made the experimental 

boundary conditions uncontrolled from the analysis standpoint. 
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Table 5.1.1. Room A1 Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

west rib center pass 1 east rib 

AlST-16 Vertical 

Horizontal 
Horizontal 

Vertical 

AlST-01 Vertical 

Horizontal 
Horizontal 

Vertical 

A1ST014 Vertical 

Horizontal 
Horizontal 

Vertical 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

[ AIM01 A1M04 3 
3 

[ -1 -1 1 
[ I 

[ -2 -1 AlM02 3 
[ -2 -1 AlMO 3 3 

[ -3 I 

[ AIM11 AlMl4 1 
[ 1 

[ -1 -1 3 
[ 3 
[ -3 1 

[ -2 -1 AlMl2 ] 
[ -2 -1 AlMl3 3 

[ AlM21 AlM24 3 
[ 3 

[ -1 -1 1 
[ 3 

[ -2 -1 AlM22 3 
[ -2 -1 AlM2 3 ] 

The location guide for the gages in Room A1 is given in Table 5.1.1, 

for Room A2 in Table 5.1.2, and for Room A3 in Table 5.1.3. Each table 

schematically presents the relative gage positions at the principal 

stations of the room. In general, the gage numbers o f  logical collections 

of gages are in sequence. Thus, gages AlMO1, A2M01, and A3M01 are all 

vertical gages, located at the midspans of the final room dimension at the 

first (most southern) stations mined in rooms Al, A2, and A3. Similar 

patterns of  gage numbers apply to the horizontal gages or to the vertical 
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Table 5.1.2. Room A2 Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

west rib center pass 1 east rib 

A2ST-16 Vertical 

Horizontal 
Horizontal 

Vertical 

A2ST-01 Vertical 

Horizontal 
Horizontal 

Vertical 

A2ST014 Vertical 

Horizontal 
Horizontal 

Vert ic a1 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

[ A2M01 A2M04 1 
[ 1 
-2 -1 A2MO 2 ] 

[ -2 -1 A2MO 3 ] 
[ -1 -1 3 
[ 1 

[ A2Mll A2M14 1 
[ 1 

[ -1 -1 1 
[ 1 

[ -2 -1 A2M12 ] 
[ -2 -1 A2M13 ] 

[ A2M21 A2M24 I 
[ 1 

[ -1 -1 1 
[ 1 

[ -2 -1 A2M22 ] 
[ -2 -1 A2M2 3 ] 

gages of a given station. 

Mining sequence closure data are given in Tables 5.1.4a-c and Figures 

5.1.la-c for Room A l ,  in Tables 5.1.5a-c and Figures 5.1.2a-c for Room A2, 

and in Tables 5.1.6a-c and Figures 5.1.3a-c for Room A3. 

Although the data in this report are presented in the order of the 

test room number, it must be remembered that the order of mining of  the 

rooms was first Room A2, then second Room Al, and finally third Room u. 
The influence of nearby mining could be measured in the already mined and 

97 



Table 5.1.3. Room A3 Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

west rib center pass 1 east rib 

A3ST-17 Vertical roof [ A3M01 A3M04 1 
[ 1 

[ -1 -1 1 
[ 1 

Vertical floor [ -3 I 

Horizontal pass 1 [-2 -1 A3M02 3 
Horizontal mid [ - 2  -1 A3M03 3 

A3ST-01 Vertical roof A3Mll A3M14 1 
[ 

[ 

Horizontal pass 1 [-2 -1 
Horizontal mid [ -2 -1 

-1 

1 
A3M12 ] 
A3M13 ] 

-1 1 
[ 1 

Vertical floor [ -3 1 

A3ST014 Vertical roof [ A3M21 A3M24 1 
[ 1 

[ -1 -1 1 
[ 3 

Vertical floor [ -3 I 

Horizontal pass 1 [ -2 -1 A3M22 ] 
Horizontal mid [ -2 -1 A3M2 3 ] 

instrumented adjacent rooms. The result is that an abrupt, but small, 

increase in closure rate caused by excavation of Rooms A1 and A3 can be 

seen in the mining sequence data of the adjacent Room A2, and the effects 

of mining of Room A3 also can be seen in Room Al, just as the mining face 

passes adjacent to the gage stations. These times are denoted by the 

arrows in the plots for Rooms A2 and Al. 

The most significant result of the multiple room test is that the 

close proximity of the three rooms causes an increase in closure rate 
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compared t o  an i s o l a t e d  s i n g l e  room, such a s  Room D .  A l s o ,  the  a f f e c t  o f  

mining i n  a near-by adjacent  room i s  observed instantaneously.  This 

instantaneous response of the  nearby rooms t o  the  mining of a new room i s  

caused by the  change i n  s t r e s s  f i e l d ,  which i n i t i a l l y  occurs a t  the  speed 

of an e l a s t i c  s t r e s s  wave i n  the  s a l t .  Furthermore, it i s  apparent from 

the  r e s u l t s  t h a t  the  measured displacements a r e  the  l a r g e s t  f o r  Room A 2 ,  

and diminish i n  the  mining of  Room A 1  and A 3 ,  progress ive ly .  This i s  

caused by the  f a c t  t h a t  the  deformation around Room A2 has the  e f f e c t  o f  

s t r a i n  hardening the  ground i n t o  which the  subsequent rooms a r e  mined. 

S t r a i n  hardening, i n  terms of  the creep response of s a l t ,  diminishes the 

subsequent creep r a t e  and, a s  a r e s u l t ,  lowers the  observed c losure  r a t e  

and magnitude of the  room mined i n t o  the s t r a i n  hardened ground. Since 

the  s t r a i n  hardening is  time dependent, A 3 ,  the  l a s t  room t o  be mined, 

shows the  g r e a t e s t  decrease i n  measured c losure  displacement.  These 

e f f e c t s  a r e  c l e a r l y  in t e rp re t ed  through numerical ca l cu la t ions  [ 2 4 ] .  

The e f f e c t  of hea t ing  appears a s  an abrupt  increase  i n  c losure  r a t e  

when the  hea te r s  were turned on about 364 days a f t e r  the  completion of 

excavation of the  room complex. 

The mining  sequence  d a t a  a r e  i n  s u b s t a n t i a l  agreement with the 

remotely co l l ec t ed  mechanical da ta  f o r  the  Rooms A ,  a s  published i n  a 

separa te  r epor t  [ 9 ] .  The remotely co l l ec t ed  thermal da t a  have a l s o  been 

published sepa ra t e ly  [ l o ] .  

[ t e x t  continues on paEe 1181 
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Table 5 . 1 . 4 a .  Mining Sequence Gages AlMOx-x, Room Al, S t a t i o n  -16  m 

AlMOl - AlM04 PI Comments 

02/12/92 RLJ [91%] This set of Mining Sequence Closure Gages (2 vertical and 2horizontal) was installed in the 
south half of Room Al.  They were measured initially only 4 hours after the first mining machine pass. Early 
results (top graph) showed a smaller difference between vertical and horizontal closure when compared to similar 
data from other stations. Excavation effects can be clearly seen as bump like features that correspond to the 
mining of each pass. Gage disruption due to mining required a total of 8 reinstallations. Long term data (bottom 
graph) show a significant rise in closure at about a year (374 days) when the heaters were activated. (DEM) 

Gage Information 

Gage Number Gage Type 

AlMOl-1 CONV 
AlM01-3 CONV 
AlM02-1 CONV 
AlM02-2 CONV 
AlM03-1 CONV 
AlM03-2 CONV 
AlM04-1 CONV 

Gage Location 

Gage 
Orient. Record - - 

Gage Number X1 (m) X2 (m) 
AlMO1-1 0.07 0.07 
AlM01-3 0.06 0.07 
AlM02-1 - 1.47 2.72 
AlM02-2 -2.72 2.72 
AlM03-1 -1.70 2.71 
AlM03-2 -2.76 2.71 
AlM04-1 0.50 0.50 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

Gage 
Manf. 

SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation 
Date 

9/22/84 
9/29/84 
9/22/84 
9/26/84 
9/22/84 
9/26/84 
9/22/84 

Drawing 
Number 

T91025-WOA 
T91025-OOOA 
T9102S-OOOA 
T91025-OOOA 
T91 025-WOA 
T9102S-000A 
T91025-WOA 

Gage Coordinates 
Koom - - Local - - 

y 1  (m) Y2(m) Zl (m)  22 (m> z 1  (m) 22 (m) 
- 16.08 -16.08 -0.41 2.70 -0.48 2.62 
- 16.02 - 16.08 -2.70 2.70 -2.77 2.62 
-15.97 -15.97 1.28 1.28 1.21 1.21 
- 16.06 -15.97 1.24 1.28 1.61 1.21 
- 3 6.00 - 16.00 0.05 0.05 -0.02 -0.02 
- 16.00 -16.00 0.05 0.05 -0.02 -0.02 
- 16.08 -16.08 -0.42 2.70 -0.50 2.62 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

AlMOl V -1 3.11 -- -3 5.18 -3 5.45 
AlM03 H -1 4.19 -2 5.41 _ _  -2 5.61 
AlM04 V -1 3.12 _ _  xx xx 
AlM02 h -1 4.41 -2 5.59 _-  -2 5.59 
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Figure 5.1.la. Mining Sequence Gages AlMOx-x, Room Al, Station -16 m 
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Table 5.1.4b. Mining Sequence Gages AlMlx-x, Room AI, Station -01 m 

A l M l l  - AlM14 PI Comments 

02/12/92 RLJ [go%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the center of Room A l .  They were initially measured about 3 hours after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due to 
mining required a total of 6 reinstallations. Long term data (bottom graph) are remarkably uniform, The marked 
change in slope seen on day 373 is the result of heater activation. (DEM) 

Gage Information 

Gage Number Gage Type 

AlM11-1 CONV 
AlMll-3 CONV 
AlM12-1 C O W  
AlM12-2 CONV 
AlM13-1 CONV 
AlM13-2 CONV 
AlM14-1 CONV 

Gage Location 

Gage Number 
AlM11-1 
AlMll-3 
AlM12-1 
AlM12-2 
AlM13-1 
AlM13-2 
AlM14-1 

X1(m) 
0.1 1 
0.03 
-1.82 
-2.76 
-1.46 
-2.77 
0.46 

Gage 
Orient. 

V 
V 
H 
H 
H 
H 
V 

Record - 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

X2(m) Y1 (m) 

0.11 -0.77 
0.11 -0.68 
2.75 -0.68 
2.75 -0.74 
2.76 -0.70 
2.76 -0.73 
0.46 -0.77 

Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation Drawing 
Date Number 

29486.00 T9 1025 -000A 
29493.00 T91025-000A 
29486.00 T91025-000A 
29490.00 T9 1025 -000A 

29490.00 T91025-000A 
29486.00 T9 1025 -000A 

29486.00 T9 1025 -000A 

Gage Coordinates 
Local - - 

Y2(m) Z1 (m) 22 (m) 
-0.77 -0.75 2.65 
-0.77 -2.83 2.65 
-0.68 1.16 1.16 
-0.68 1.05 1.16 

-0.70 -0.02 0.08 
-0.77 -0.73 2.65 

-0.70 0.08 -0.14 

- Room - 
z 1  (m) z 2  (m) 
-0.75 2.65 
-2.83 2.65 
1.16 1.16 
1 .os 1.16 

-0.02 0.08 
-0.73 2.65 

0.08 -0.14 

Gage Length Upon Installation 
Pass 2 Pass 3 Pass 4 + Trim Pass 1 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

AlMll  V -1 3.39 _ _  -3 5.09 -3 5.54 

AlM14 V -1 3.38 _ _  xx xx 
AlM13 H -1 4.22 -2 5.41 _ _  -2 5.63 

AlM12 h -1 4.56 -2 5.63 -_ -2 5.63 
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Figure 5.1.lb. Mining Sequence Gages AlMlx-x, Room AI, Station -01 m 
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Table 5.1.4~. Mining Sequence Gages A l M 2 x - x ,  Room A I ,  S t a t i o n  +14 m 

AIM21 - AlM24 PI Comments 

02/12/92 RLJ [go%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the north half of Room A l .  They were initially measured less than 3 hours after the first mining machine pass. 
Early results (top graph) are typical for early data from other closure stations of similar geometry. Excavation 
effects can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due 
to mining required a total of only 5 reinstallations. Long term data (bottom graph) are remarkably uniform. The 
marked change in slope seen on day 373 is due to heater activation. (DEM) 

Gage Information 

Gage Number Gage Type 
AlM21-1 CONV 
AlM21-3 CONV 
AlM22-1 CONV 
AlM22-2 CONV 
AlM23-1 CONV 
AlM23-2 CONV 
AlM24-1 CONV 

Gage Location 

Gage Number 
AIM21-1 
AlM21-3 
AtM22-1 
AlM22-2 
AlM23-1 
AlM23-2 
AlM24-1 

x 1  (m> 
0.09 
0.10 
-1.04 
-2.72 
-0.88 
-2.72 
0.87 

Gage 
Orient. - Record- 

Gage 
Manf. 

Installation 
Date 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

9/24/84 
10/1/84 
9/24/84 
9/21/84 
9/24/84 
9/27/84 
9/24/84 

X2(m) Y1 (m) 
0.09 14.43 
0.09 14.48 
2.79 14.49 
2.79 14.53 
2.81 14.58 
2.81 14.58 
0.87 14.43 

Drawing 
Number 

T91025-OOOA 
T91025-000A 
T91 O25-OOOA 
T91025-OOOA 
T9 1 025- OOOA 
T91025-OOOA 
T91025-OOOA 

Gage Coordinates 
- Local- - Room - 

14.43 -0.47 2.69 -0.3 1 2.85 
14.43 -2.69 2.69 -2.54 2.85 
14.49 1.16 1.16 1.31 1.31 
14.49 1.14 1.16 1.30 1.31 
14.58 0.00 0.00 0.16 0.16 
14.58 0.00 0.00 0.16 0.16 
14.43 -0.50 2.69 -0.34 2.85 

y 2  (m) 21 (m) 22  (m) Z1 (m) 22  (m) 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 +Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

AlM21 V -1 3.16 _ _  -3 5.13 -3 5.41 
AlM23 H -1 3.69 -2 5.46 _ _  -2 5.59 
AlM24 V -1 3.19 -_ xx xx 
AlM22 h -1 3.83 -2 5.61 -- -2 5.13 
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Figure 5 . 1 . 1 ~ .  Mining Sequence Gages AlM2x-x, Room Al, Station +14 m 
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Table 5.1.5a. Mining Sequence Gages A2MOx-x, Room A2, Station -16 m 

A2M01- A2M04 PI Comments 

02/12/92 RLJ [92%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the south half of Room A2. They were initially measured less than 2 hours after the first mining machine pass. 
Early results (top graph) are typical for early data from other closure stations of similar geometry. Excavation 
effects can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due 
to mining required a total of only 5 reinstallations. Long term data (bottom graph) clearly show the excavation 
effect of the two adjacent rooms (A1 & A3 ) as an increase in closure occurring from about day 75 through day 
125. Another change in slope is seen subsequent to day 550 due to heater activation. (DEM) 

Gage Information 

Gage Number Gage Type 
A2M01-1 CONV 
A2M01-3 CONV 
A2M02-1 CONV 
A2M02-2 CONV 
A2M03-1 CONV 
A2M03-2 CONV 
A2M04-1 CONV 

Gage Location 

Gage Number X1 (m) 
A2MO 1 - 1 -0.02 
A2MO 1-3 -0.02 
A2M02- 1 -1.60 
A2M02-2 -2.73 
A2M03-1 -1.30 
A2M03-2 -2.80 
A2M04-1 0.56 

Gage 
Orient. - Record - 

Gage 
Manf. 

Ins tall a tion 
Date 

Drawing 
Number 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

7/7/84 
7/15/84 
7/7/84 

711 1/84 
7/7/84 

711 1/84 
7/7/84 

T91025-OOOA 
T91025-000A 
T91025-OoOA 

T91025-000A 
T9 1025-OOOA 
T91025-000A 
T9 1025-OOOA 

Gage Coordinates 
- Local- 

X2(m) Y1 (m) Y2(m) 21 (m) 22(m) 
-0.02 -16.32 -16.32 -0.23 2.78 
-0.02 - 16.32 -16.32 -2.78 2.78 
2.12 -16.29 -16.29 1.60 1.60 
2.72 -16.32 -16.29 1.60 1.60 
2.72 -16.29 -16.29 0.00 0.00 
2.72 -16.29 -16.29 0.00 0.00 
0.56 -16.32 -16.32 -0.18 2.78 

Room - - 
21 (m) 22 (m) 
-0.66 2.36 
-3.20 2.36 
1.17 1.17 
1.17 1.17 
-0.42 -0.42 
-0.42 -0.42 
-0.60 2.36 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 +Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

A2MO 1 V -1 3.01 _ _  -3 5.68 -3 5.68 
A2M03 H -1 4.03 -2 5.30 ._ -2 5.60 
A2M04 -1 2.95 _ _  
A2M02 h -1 4.33 -2 5.65 _ _  -2 5.65 

V xx xx 
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Figure 5.1.2a. Mining Sequence Gages A2MOx-x, Room A2, Station -16 m 
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Table 5 . 1 . 5 b .  Mining Sequence Gages A2Mlx - x ,  Room A 2 ,  Station -01 m 

A 2 M l l -  A2M14 PI Comments 

02/13/92 RLJ [89%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the center of Room A2. They were initially measured less than 2 hours after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due to 
mining required a total of 7 reinstallations. Long term data (bottom graph) clearly show the excavation effect of 
the two adjacent rooms (A1 & A3 ) as an increase in closure occurring from about day 75 through day 125. 
Another change in slope is seen subsequent to day 549 due to heater activation. Some of the early data (day 19 
through day 75) for gage A2M13 is missing because gage access was blocked by drilling equipment. (DEW 

Gage Information 

Gage Number Gage Type 
A2Mll-1 CONV 
A2M11-3 CONV 
A2M12-1 CONV 
A2M12-2 CONV 
A2M13-1 CONV 
A2M13-2 CONV 
A2M14-1 CONV 

Gage Location 

Gage 
Orient. 

V 
V 
H 
H 
H 
H 
V 

- Record - 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

Gage Number X1 (m) X2 (m) Y1 (m) 
A2M11- 1 0.15 0.15 - 1.05 
A2Mll-3 0.18 0.15 -1.04 
A2M12- 1 -1.73 2.77 -1.01 
A2M12-2 -2.74 2.77 -1.20 
A2M13- 1 -1.41 2.77 -1.01 
A2M 13-2 -2.79 2.77 -1.01 
A2M 14- 1 0.52 0.52 -1.05 

Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation 
Date 

7/8/84 
7/16/84 
7/8/84 

7/12/84 
7/8/84 

7/ 12/84 
7/8/84 

Drawing 
Number 

T9102S-000A 
T9102S-ooOA 
T91025-OOOA 
T91 O25-OOOA 

T9 1025-000A 
T91025-ooOA 
T91025-000A 

Gage Coordinates 
- Local- - Room- 

-1.05 -0.55 2.50 -0.55 2.50 
-1.05 -2.82 2.50 -2.82 2.50 
-1.01 1.11 1.11 1.11 1.11 
-1.01 1.16 1.11 1.16 1.11 
-1.01 -0.17 -0.17 -0.17 -0.17 
-1.01 -0.17 -0.17 -0.17 -0.17 

Y2(m) Z1 (m) 22  (m) Z1 (m) 22 (m) 

-1.05 -0.55 2.50 -0.55 2.50 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 +Trim 

-Final- 
GageNumber Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

A2M11 V -1 3.05 _ _  -3 5.52 -3 5.52 
A2M 13 H -1 4.18 -2 5.49 _- -2 5.57 
A2M14 V -1 3.05 _ _  xx xx 
A2M12 h -1 4.49 -2 5.76 _ _  -2 5.76 
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Table 5 . 1 . 5 ~ .  Mining Sequence Gages A2M2x-x, Room A2, Station +14 m 

A2M21- A2M24 PI Comments 

02/13/92 RLJ [93%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the north half of Room A2. They were initially measured about 1 hour after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due to 
mining required a total of 6 reinstallations. Long term data (bottom graph) clearly show the excavation effect of 
the two adjacent rooms (A1 & A3 ) as an increase in closure occurring from about day 75 through day 125. 
Another change in slope is seen subsequent to day 548 due to heater activation. (DEM) 

Gage Information 

Gage Number Gage Type 
A2M21-1 CONV 
A2M21-3 C O W  
A2M22-1 CONV 
A2M22-2 CONV 
A2M23-1 CONV 
A2M23-2 CONV 
A2M24-1 CONV 

Gage Location 

Gaze Number 
A2M21- 1 
A2M21-3 
A2M22- 1 
A2M22-2 
A2M23-1 
A2M23-2 
A2M24-1 

x1 (m) 
0.01 
0.01 
-1.64 
-2.71 
-1.35 
-2.76 
0.57 

Gage 
Orient. -Record - 

Gage 
Manf. 

Installation 
Date 

Drawing 
Number 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

R.I. 
R.I. 
R.I. 
R.I. 
R.I. 
R.I. 
R.1. 

7/9/84 
7/17/84 
7/9/84 

7/12/84 
7/9/84 

7/9/84 
7iizia4 

T91997-00OA 
T91997-000A 
T91997-000A 
T91997-000A 
T91997-CQOA 
T91997-000A 
T91997-000A 

x 2  (4 
0.01 
0.01 
2.77 
2.77 
2.77 
2.77 
0.57 

Y1 (m) 
14.08 
14.08 
14.08 
14.14 
14.08 
14.08 
14.08 

Gage Coordinates 
Local - 

14.08 -0.29 2.78 
14.08 -2.78 2.78 
14.08 1.23 1.23 
14.08 1.13 1.23 
14.08 0.00 0.00 
14.08 0.00 0.00 
14.08 -0.32 2.78 

- 
Y2(m) Z1 (m) 22  (m) 

Room - 
-0.30 2.77 
-2.79 2.77 
1.22 1.22 
1.12 1.22 
-0.01 -0.01 
-0.01 -0.01 
-0.33 2.77 

- 
z 1  (m) 22 (m) 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

A2M21 v -1 3.07 _ _  -3 5.65 -3 5.67 
A2M23 H -1 4.12 -2 5.35 _ _  -2 5.64 
A2M24 V -1 3.10 _ _  xx xx 
A2M22 h -1 4.41 -2 5.71 -_  -2 5.71 
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Table 5.1.6a. Mining Sequence Gages A3MOx-x, Room A 3 ,  Station - 1 7  m 

A3M01- A3M04 PI Comments 

02/13/92 RLJ [92%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in the 
south half of Room A3. They were first measured less than 2 hours after the initial mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. There appeared to be an 
error in the initial reading of Gage A3M04 which was corrected to make these data consistent with the more 
normal response of similar gages at other stations. Gage disruption due to mining required a total of 6 
reinstallations. Long term data (bottom graph) clearly show an increase in closure subsequent to day 346 due to 
heater activation. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record- Manf. Date Number 
A3M01-1 CONV 
A3M01-3 CONV 
A3M02-1 CONV 
A3M02-2 CONV 
A3M03-1 CONV 
A3M03-2 CONV 
A3M04-1 CONV 

Gage Location 

V T MAN SNL 10120184 
V T MAN SNL 10127184 
H T MAN SNL 10/20/84 
H T MAN SNL 10124184 
H T MAN SN L 10120184 
H T MAN SNL 10124184 
V T MAN SNL 10/20/84 

T91025-000A 

1’91 025-OOOA 

T91025-OOOA 

T91025-000A 

T9 1 025-CQOA 

T91025-OOOA 

1’91 O25-OOOA 

Gage Coordinates 
- Local- Room - - 

GageNumber Xl(m)  X2(m) Y1 (m) Y2(m) Z1 (m) 22  (m) z1 (m) 22 (m) 
A3M01-1 0.06 0.06 -16.09 -16.09 -0.51 2.69 -0.69 2.5 1 
A3M01-3 0.03 0.06 -16.07 -16.09 -2.69 2.69 -2.88 2.5 1 
A3M02- 1 - 1.68 2.71 -15.95 -15.95 1.17 1.17 0.98 0.98 
A3M02-2 -2.76 2.71 -16.09 -15.95 0.93 1.17 0.74 0.98 
A3M03-1 - 1.43 2.71 -15.95 -15.95 -0.02 -0.02 -0.20 -0.20 
A3M03-2 -2.84 2.7 1 -15.95 -15.95 -0.02 -0.02 -0.20 -0.20 
A3M04- 1 0.52 0.52 -16.09 -16.09 -0.69 2.51 -0.69 2.5 1 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

A3M01 V -I 3.21 _ _  -3 5.01 -3 5.49 
A3M03 H -1 4.14 -2 5.43 .. -2 5.65 
A3M04 -1 3.20 _ _  
A3M02 h -1 4.39 -2 5.66 -_ -2 5.66 

V xx xx 
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Table 5 . 1 . 6 b .  Mining Sequence Gages A3Mlx-x, Room A3, Station - 0 1  m 

A 3 M l l -  A3M14 PI Comments 

02/18/92 RLJ [93%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the center of Room A3. They were initially measured about 1 hour after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due to 
mining required a total of 5 reinstallations. Long term data (bottom graph) clearly show an increase in closure 
subsequent to day 345 due to heater activation. (DEW 

Gage Information 

Gage Number Gage Type Orient. 
A3M11-1 CONV V 
A3M11-3 CONV V 
A3M12-1 CONV H 
A3M12-2 CONV H 
A3M13-1 CONV H 
A3M13-2 CONV H 
A3M14-1 CONV V 

Gage 
Record - 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

- 
Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Gage Location 

Installation 
Date 

1012 1 /84 
10/28/84 
1 012 1/84 
10/24/84 
1012 1/84 
10/24/84 
1012 1 /84 

Drawing 
Number 

T9 1 025- OOOA 
T9102.5-OOOA 
T9 1 025- OOOA 
T91025-OOOA 
T91025-OOOA 
T91025-000A 
T91025-OOOA 

Gage Number 
A3M11-1 
A3M11-3 
A3M12-1 
A3M12-2 
A3M13-1 
A3M13-2 
A3M 14- 1 

X1 (m) X2(m) Y1 (m) 
0.02 0.02 -0.77 
-0.01 0.02 -0.77 
-1.92 2.73 -0.70 
-2.76 2.73 -0.70 
-1.73 2.74 -0.70 
-2.16 2.74 -0.70 
0.40 0.40 -0.77 

Gage Coordinates 
Room - - Local - - 

Y2(m) Z1 (m) Z2(m) z 1  (m) 22  (m) 
-0.77 -0.94 2.60 -0.94 2.60 
-0.77 -2.78 2.60 -2.78 2.60 
-0.70 1.03 1.03 1.03 1.03 
-0.70 1.03 1.03 1.03 1.03 
-0.70 -0.02 -0.02 -0.02 -0.02 
-0.70 -0.02 -0.02 -0.02 -0.02 
-0.77 -0.95 2.60 -0.95 2.60 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 +Trim 

-Final- 
Gage Number Dir Gage Length (rn) Gage Length (m) Gage Length (m) Gage Length (m) 

A3M11 V -1 3.54 _ _  -3 5.07 -3 5.43 
A3M13 H -1 4.46 -2 5.51 _ _  -2 5.60 
A3M14 -1 3.55 _ _  
A3M12 h -1 4.65 -2 5.61 _ _  -2 5.61 

V xx xx 
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Table 5 . 1 . 6 ~ .  Mining Sequence Gages A3M2x-x, Room A3, S t a t i o n  +14 m 

A3M21- A3M24 PI Comments 

02/18/92 RLJ [93%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the north half of Room A3. They were initially measured about 1 hour after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. Gage disruption due to 
mining required a total of 5 reinstallations. Long term data (bottom graph) clearly show an increase in closure 
subsequent to day 344 due to heater activation. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 
A3M21-1 CONV V T MAN SNL 10/22/84 
A3M21-3 CONV V T MAN R.I. 10/28/84 
A3M22-1 CONV H T MAN R.I. 10/22/84 
A3M22-2 CONV H T MAN R.I. 10/25/84 
A3M23-1 CONV H T MAN R.I. 10/22/84 

T MAN R.I. 10/25/84 A3M23-2 CONV H 
A3M24-1 CONV V T MAN R.I. 10/22/84 

T91025-000A 
T91997-OOOA 
T91997-OOOA 
T91997-000A 
19 1 997-OOOA 
T91997-000A 
T91997-OOOA 

Gage Location 
Gage Coordinates 

- Local- Room - - 
GageNumber Xl(m)  X2(m) Y1 (m) Y2(m) Z1 (m) 22 (m) Z1(m) 22 (m) 

A3M21- 1 0.05 0.05 14.48 14.48 -0.78 2.72 -0.83 2.67 
A3M21-3 0.07 0.05 14.56 14.48 -2.72 2.72 -2.77 2.67 
A3M22- 1 -2.08 2.74 14.53 14.53 1.05 1.05 1 .oo 1 .oo 
A3M22-2 -2.83 2.74 14.53 14.53 1.05 1.05 1 .oo 1 .oo 
A3M23-1 - 1.90 2.74 14.53 14.53 0.02 0.02 -0.03 -0.03 
A3M23-2 -2.75 2.74 14.53 14.53 0.02 0.02 -0.03 -0.03 
A3M24- 1 0.33 0.33 14.56 14.56 -0.80 2.72 -0.85 2.67 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

A3M21 v -1 3.50 _ _  -3 5.07 -3 5.47 
A3M23 H -1 4.64 -2 5.54 _ _  -2 5.59 
A3M24 V -1 3.53 _ _  x x  xx  
A3M22 h -1 4.82 -2 5.64 .. -2 5.64 
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5 . 2  Room B Mining Sequence Closure Data 

The Overtest  f o r  Simulated Defense High-Level Waste (DHLW) i s  the t e s t  

f i e l d e d  i n  Room B.  This t e s t  used e l e c t r i c a l  h e a t e r s  t o  exaggerate the 

output of simulated defense high l e v e l  waste by a f a c t o r  of about four .  

The hea ters  were configured t o  produce uniform hea t ing ,  with compensation 

fo r  end e f f e c t s ,  over the c e n t r a l  por t ion  o f  the t e s t  room during the 

expected three  year dura t ion  of the t e s t .  In  p r a c t i c e ,  uniform conditions 

over the c e n t r a l  t e s t  s e c t i o n  were maintained f o r  the  3 . 7 4  years  durat ion 

of  the cont ro l led  t e s t .  The test  room a l s o  contained a number of Waste 

Package Performance (WPP) hea te rs  f i e l d e d  by the  Disposal Systems Group. 

While these h e a t e r s  aided i n  extending the length the heated t e s t  s ec t ion ,  

they were not  an i n t e g r a l  p a r t  of the T S I  t e s t .  A r a t h e r  d e t a i l e d  and 

complete ana lys i s  o f  the mechanical and thermal response.  including the 

mining sequence c losure ,  of Room B has been given by Munson e t  a l .  [19]. 

Excavation of the test  room began on the swing s h i f t  of 5 / 4 / 8 4  and was 

completed on the graveyard s h i f t  of 6 / 3 / 8 4 .  The h e a t e r s  were ac t iva ted  on 

4 / 2 3 / 8 5 .  Deter iora t ion  of the roof prevented room access f o r  reading o f  

the manual mining sequence gages a f t e r  about 1000 days of operat ion.  A t  

about 1200 days of operat ion,  the decis ion w a s  made t o  recover the WPP 

hea ters  f o r  ana lys i s .  Roof support was provided f o r  the s a f e  recovery o f  

the hea te r s .  The t e s t  was subsequently terminated on 7 / 2 / 8 8  a f t e r  the 

room was v e n t i l a t e d  t o  permit recovery of the WPP hea te r s .  In  the process 

of room v e n t i l a t i o n  and recovery of these h e a t e r s ,  thermal cont ro l  was 

l o s t  over the room condi t ions,  which compromised the a b i l i t y  t o  fu r the r  

analyze the room response,  even though most gages remained operable f o r  

some time a f t e r  t h a t .  Eventually,  however, a l l  of the  remaining room 

hea ters  were deact ivated and the t e s t  was formally terminated. 
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The location guide for the mining sequence gages in Room B is given in 

Table 5.2.1. The table presents schematically the relative gage positions 

at the three principal stations of the room. Thus, the gages of a given 

station will all be of the form B-Mxx, where the numerical value of the 

first number, as in "Ox" indicates the first principal station, and so on, 

in order. The numerical value of the second number of the gage is an 

indication of whether the gage is vertical or horizontal. Similar keys to 

other gages groups are apparent. 

Mining sequence closure data for Room B are given in Tables 5.2.2a-c 

and in Figures 5.2.la-c. 

Room B is a single, isolated room of the same dimensions as Rooms Al, 

A2, A3, and D. Until the onset of heating, room closure is essentially 

identical to that for Rooms D and A2 (until mining of the adjacent rooms, 

A1 and A3, altered the stress and displacement fields of Room A2), except 

for those differences in the early closure that depend upon the details of 

the mining passes. 

Although the displacement history of the specific station varies 

considerably depending upon the details of the multipass mining, the 

accumulation of displacement for any station within a month of completion 

of mining appears to be essentially the same. Thus, the influence of the 

details of the mining operation on the measured closure diminish with 

time. Measured closures during this period when all of these three rooms 

were identical has been compared through a pseudostrain analysis [ 1 6 ] .  

The validity of the experimental observation was demonstrated in a full 

three-dimensional calculation for Room D [ 2 3 ] ,  with progressive removal of 

meshes to simulate the mining sequence. Room D is geometrically and 

mechanically identical to Room B during the mining operation. 
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Table 5.2.1. Room B Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

west rib center pass 1 east rib 

B ST-16 Vertical 

Horizontal 
Horizontal 

Vertical 

B ST-01 Vertical 

Horizontal 
Horizontal 

Vertical 

B ST014 Vertical 

Horizontal 
Horizontal 

Vertical 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

Heating of the room started 

~ 

B-KO1 B-MO4 I 
[ 1 
[ - 2  -1 B-MO 2 3 
[ - 2  -1 B-MO 3 3 
[ -1 -1 1 
[ 1 

B-Mll B-Ml4 1 
[ 1 

-1 B-Ml2 ] [ - 2  
[ - 2  -1 B-Ml3 ] 
[ -1 -1 1 
[ 1 
[ - 3  1 

[ B-M21 B-M24 I 
[ I 

-1 B-M2 2 ] [ - 2  
[ - 2  -1 B-M2 3 ] 
[ -1 -1 1 
[ 1 
[ - 3  1 

3 5 4  days after beginning the mining, as is 

quite evident in the closure plots as an abrupt increase in closure rate 

at a time. Although difficult to discern in these data, at late times the 

vertical closure continues to diverge from the horizontal closure. This 

is thought to be the result of the development of separations in the 

immediate roof [19]. With time, further acceleration of vertical closure 

indicates the onset of roof slabbing. Thermal acceleration of the room 

closure rates probably contributed to the early deterioration of the roof. 
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The remotely collected mechanical and thermal data for Room B are 

reported elsewhere [8]. These extensive results, in conjunction with the 

mining sequence data reported here, give a complete history of the test. 

[text continues on page 1281 

1 2 1  



Table 5.2.2a. Mining Sequence Gages BMOx-x,. Room B, Station -16 m 

B-MO1 - B-MO4 PI Comments 

02/20/92 RLJ [96%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the south half of Room B. They were initially measured less than 2 hours after the first mining machine pass. 
Early results (top graph) are typical for early data from other closure stations of similar geometry. Excavation 
effects can be clearly seen as bump like features that correspond to the mining of each pass. The Room B mining 
plan called for only three passes as opposed to the four pass plan in each "A" room. Gage disruption due to 
mining required a total of 7 reinstallations. Early data acquisition was interupted for 3 days because of a power 
outage. Long term data (bottom graph) clearly show a dramatic increase in closure subsequent to day 346 due to 
the heating of the room starting on that day. (DEM) 

Gage Information 

Gage Number Gage Type 
B-Mol-1 CONV 
B-Mol-3 CONV 
B-M02-1 CONV 
B-M02-2 CONV 
B-M03-1 CONV 
B-M03-2 CONV 
B-M04-1 CONV 

Gage Location 

Gaee Number 
B-Mol-1 
B-Mol-3 
B-MO2- 1 
B-M02-2 
B-M03-1 
B-M03-2 
B-M04-1 

x 1  (m) 
0.09 
0.10 
- 1.77 
-2.82 
-1.61 
-2.78 
0.51 

Gage 
Orient. Record - - 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

X2(m) Y1 (m) 
0.09 - 16.22 
0.09 -16.20 
2.78 - 16.29 
2.78 -16.24 
2.76 -16.32 
2.76 -16.29 
0.51 -16.22 

Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation 
Date 

511 1/84 
5/25/84 
511 1/84 
5/16/84 
511 1/84 
5/16/84 
511 1/84 

Drawing 
Number 

T9 1025-000A 
T91025-000A 
T91025-000A 
T91025-OOOA 
T91025-OOOA 
T91 O25-OOOA 
T91025-000A 

Gage Coordinates 
Local - 

- 16.22 -0.61 2.75 
-16.22 -2.74 2.75 
-16.29 1.20 1.19 
-16.29 1.17 1.19 
-16.32 0.19 0.19 
-16.32 0.16 0.19 
-16.22 -0.61 2.75 

- 
y2  (m) Z1 (m) 2 2  (m) 

Room - 

-0.66 2.69 
-2.80 2.69 
1.15 1.14 
1.12 1.14 
0.13 0.13 
0.11 0.13 
-0.66 2.69 

- 
z 1  (m) 22 (m) 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

B M01 V -1 3.35 _ _  -3 5.24 -3 5.49 
B M03 H -1 4.36 -2 5.55 _ _  -2 5.64 
B M04 V -1 3.35 _ _  xx XX 

B M02 h -1 4.55 -2 5.74 -- -2 5.74 
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Table 5.2.2b. Mining Sequence Gages B-Mlx-x,. Room B, S t a t i o n  -01 m 

B - M l l -  B-Ml4 PI Comments 

02/20/92 RLJ [96%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the center of Room B. They were initially measured about 1 hour after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. The Room B mining plan 
called for only three passes as opposed to the four pass plan in each “A“ room. Gage disruption due to mining 
required a total of 7 reinstallations. Early data acquisition was interupted for 3 days because of a power outage. 
Long term data (bottom graph) clearly show a dramatic increase in closure subsequent to day 345 due to the start 
of room heating on that day. (DEM) 

Gage Information 

Gage Number Gage Type 
B-M11-1 CONV 
B-Mll-3 CONV 
B-M12-1 CONV 
B-M12-2 CONV 
B-M13-1 CONV 
B-M13-2 CONV 
B-M14-1 CONV 

Gage 
Orient. 

V 
V 
H 
H 
H 
H 
V 

Record - 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

- Gage Installation 
Manf. Date 
SNL 511 2/84 
SNL 5/26/84 
SNL 511 2/84 
SNL 5120184 
SNL 5/12/84 
SNL 5120184 
SNL 5/12/84 

Drawing 
Number 

T91025-000A 
T91025-COOA 
~91025-OOOA 
T91025-000A 
T91025-OOOA 
T91025-OoOA 
T91025-000A 

Gage Location 
Gage Coordinates 

Room - - Local - - 
GageNumber Xl(m) X2(m) Y1 (m) Y2(m) Z1 (m) Z2(m) Z1 (m) 22 (m) 

B-M11-1 0.10 0.10 - 1.03 -1.11 -0.75 2.64 -0.75 2.64 
B-Mll-3 0.10 0.10 - 1.03 -1.11 -2.80 2.64 -2.80 2.64 
B-M 12- 1 -1.50 2.77 -1.16 -1.16 1.08 1.08 1 .08 1.08 
B-M12-2 -2.78 2.77 -1.19 -1.16 1.07 1.08 1.07 1.08 
B-M 13- 1 -1.41 2.76 -1.25 - 1.25 0.05 0.05 0.05 0.05 
B-M13-2 -2.73 2.76 -1.39 - 1.25 0.02 0.05 0.02 0.05 
B-M14-1 0.63 0.63 -1.11 -1.11 -0.74 2.64 -0.74 2.64 

Gaae Length Upon Installation 

Gaae Number Dir Gaee Length (m) Gaae Length (m) Gage Length (m) Gaee Length (m) 

Pass 1 PdSS 2 Pass 3 Pass 4 + Trim 
-Final- 

B M11 V -1 3.39 - -  -3 5.19 -3 5.53 
B M13 H -1 4.18 -2 5.58 _ _  -2 5.63 
B M14 V -1 3.38 _ _  
B M12 h -1 4.27 -2 5.69 _ _  -2 5.69 

xx x x  
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Table 5 . 2 . 2 ~ .  Mining Sequence Gages B-MZx-x,. Room B, Station +14 m 

B M21-  B - M24 PI Comments 

02/21/92 RLJ [96%] This set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) was installed in 
the center of Room B. They were initially measured about 3 hours after the first mining machine pass. Early 
results (top graph) are typical for early data from other closure stations of similar geometry. Excavation effects 
can be clearly seen as bump like features that correspond to the mining of each pass. The Room B mining plan 
called for only three passes as opposed to the four pass plan in each "A" room. Gage disruption due to mining 
required a total of 7 reinstallations. Early data acquisition was interupted for 3 days because of a power outage. 
Long term data (bottom graph) clearly show a dramatic increase in closure subsequent to day 344 due to initiation 
of heating on that day. (DEW 

Gage Information 

Gage Number Gage Type 
B-M21-1 CONV 
B-M21-3 CONV 
B-M22-1 CONV 
B-M22-2 CONV 
B-M23-1 CONV 
B-M23-2 CONV 
B-M24-1 CONV 

Gage 
Orient. 

V 
V 
H 
H 
H 
H 
V 

Gage Location 

Record - - 
~ 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

Gage Number X1 (m) X2 (m) Y1 (m) 
B-M21-1 0.01 0.01 13.98 
B-M21-3 -0.02 0.01 14.03 
B-M22-1 -1.85 2.73 14.05 
B-M22-2 -2.17 2.73 14.02 
B-M23- 1 -1.63 2.14 14.11 
B-M23-2 -2.12 2.74 13.85 
B-M24-1 0.44 0.44 13.98 

Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation 
Date 

511 3/84 
5/28/84 
511 3/84 
512 1 184 
511 3/84 
5/21/84 
511 3/84 

Drawing 
Number 

T91025-000A 
T91025-000A 
T91025-M)OA 
T91025-000A 
T91025-000A 
T91025-000A 
T91025-000A 

Gage Coordinates 
Room - - Local- - 

13.98 -0.42 2.14 -0.37 2.79 
13.98 -2.15 2.74 -2.7 1 2.79 
14.05 1.37 1.37 1.41 1.41 
14.05 1.28 1.37 1.33 1.41 
14.1 1 0.09 0.09 0.13 0.13 
14.1 1 0.08 0.09 0.12 0.13 
13.98 -0.43 2.14 -0.38 2.79 

Y2(m) Z1 (m) 22(m) 21 (m) 22 (m) 

Cage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (rn) Gage Length (rn) 

B M21 V -1 3.11 _ _  -3 5.29 -3 5.53 
B M23 H -1 4.36 -2 5.49 _ _  -2 5.51 
B M24 V -1 3.18 _ _  xx xx 
B M22 h -1 4.58 -2 5.68 _. -2 5.68 
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5.3 Room D Minine; - Sequence Closure Data 

The Mining Development Test which eventually developed in Room D was 

not a planned test, rather the room was planned only as a ventilation 

passage. However, it was soon realized the room offered potential for 

perfecting mining methods, contractor qualification exercises, and 

geotechnical crew training. In fact, the mining sequence gages that were 

installed during excavation of Room D as training for the geotechnical 

crews have become a significant source of data for the TSI program. Room 

D excavation started on the swing shift of 3/14/84 and was completed on 

the swing shift of 4/14/84. Room D is an unheated room. The room remains 

as an active test at the date of this report and will continue as long as 

the room can be maintained. 

The location guide for the Room D mining sequence gages is given in 

Table 5.3.1. The table represents schematically the relative location of 

the gages at each principal station. The numerical designation of the 

gage can be used as a key to the station and orientation of the gage. 

Mining sequence closure data are given in Tables 5.3.2a-c and plotted 

in Figures 5.3.la-c. 

A very detailed analysis of the mechanical response, including the 

complete details of the mining sequence closure, has been made by Munson 

et al. [18]. This Room D analysis provided the constitutive model and 

numerical methodology for all subsequent numerical analyses for the WIPP 

program. Room D has served as the baseline test room for comparison and 

evaluation of the heated Room B results [19] and heated multiple Rooms A 

results [24]. Variations in the accumulation of displacement between the 

different stations is to be expected. But, as previously noted in the 

case of the other similar rooms, the closure becomes essentially identical 
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Table 5.3.1. Room D Mining Sequence Closure Units (Gages) Location Guide 

Station Direction 

D ST-16 Vertical 

Horizontal 
Horizontal 

Vertical 

D ST-01 Vertical 

Horizontal 
Horizontal 

Vertical 

D ST009 Vertical 

Horizontal 
Horizontal 

Vertical 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

roof 

pass 1 
mid 

floor 

Relative Location 

west rib center pass 1 east rib 

[ D-MO1 D-MO4 1 
[ 1 

[ -1 -1 I 

[ - 2  -1 D-MO 2 ] 
[ - 2  -1 D-MO 3 ] 

[ D-Mll D-Ml4 1 
I 1 

[ -1 -1 1 
[ 1 
[ - 3  1 

t - 2  -1 D-Ml2 ] 
[ - 2  -1 D-Ml3 ] 

[ D-M21 D-M24 I 
1 

[ -1 -1 1 
[ I 

1-2  -1 D-M2 2 ] 
I - 2  -1 D-M2 3 ] 

for all the stations within a month of the completion of mining [16,23]. 

Because Room D is unheated, the long term closure history consists of 

a smooth curve of  decreasing slope. A l s o ,  the close similarity of  closure 

of Rooms A 2 ,  B, and D, which have identical cross sections, are seen to be 

completely uniform. This uniformity of  behavior suggests that the layered 

salt response is well defined over the rather large distances separating 

these test rooms, or essentially location independent. 

[text continues on page 1361 
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Table 5 .3 .2a .  Mining Sequence Gages D-MOx-x, Room D, Station -16 m 

D-Mol - D-MO4 PI Comments 

02/21192 RLJ [96%] Installation of this set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) 
resulted in the first early closure measurements made at WIPP. They were installed in the south half of Room D. 
The gages were initially measured within 3 hours after the first mining machine pass. Early results (top graph) are 
typical for early data from other closure stations of similar geometry. Excavation effects can be seen as bump like 
features that correspond to the mining of each pass. The data collected in Room D clearly show a "crossover" or 
tendancy for the midspan vertical gage to close more than a vertical gage located off center. D-MO1 became the 
centermost gage with Pass 2 widening, therefore data from D-Mol reflects greater closure than data from 
D-MM. Gage disruption due to mining required a total of 5 
0 reinstallations. Long term data (bottom graph) are quite smooth for this unheated room and appear unaffected 
by extensive roof bolting that occurred in September of 1987 (- day 1250 - 1300). (DEW 

Gage Information 

Gage Number Gage Type Orient. - 
Gage 

Record - 
D-Mol-1 CONV V T MAN 
D-Mol-3 CONV V T MAN 
D-M02-1 CONV H T MAN 
D-M02-2 CONV H T MAN 
D-M03-1 CONV H T MAN 
D-M03-2 CONV H T MAN 
D-M04-1 CONV V T MAN 

Gage 
Manf. 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

Installation 
Date 

311 9/84 
4/8/84 
311 9/84 
3/26/84 
31 1 9/84 
3/26/84 
311 9/84 

Drawing 
Number 

T9 1025-OOOA 
T91025-000A 
T91025-000A 
T91025-OOOA 
T91025-000A 
T91025-ooOA 
T91025-000A 

Gage Location 
Gagc Coordinates 

- Local- - Room - 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Zl (m)  Z2(m) Z1 (m) 22 (m) 

D-MO 1-1 -0.03 -0.03 -16.47 -16.47 
D-MO 1 -3 0.00 -0.03 -16.60 -16.47 
D-M02-1 -1.27 2.68 -16.57 -16.57 
D-M02-2 -2.68 2.68 - 16.32 - 16.57 
D-M03-1 -1.12 2.62 - 16.60 - 16.60 
D-M03-2 -2.7 1 2.62 - 16.29 - 16.60 
D-MO4-1 0.79 0.79 - 16.47 - 16.47 

-0.77 2.68 
-2.68 2.68 
1.16 1.16 
1.10 1.16 
0.18 0.18 
0.09 0.18 
-0.74 2.7 1 

-0.71 2.74 
-2.62 2.74 
1.22 1.22 
1.16 1.22 
0.24 0.24 
0.15 0.24 
0.68 2.77 

Gage Length Upon Installation 

GaEe Number Dir Gaee LenEth (m) Gaee LenEt.. 

D M01 V -1 3.45 _ _  
D M03 H -1 3.74 -2  5.42 
D M04 V -1 3.46 _ _  
D M02 h -1 3.95 -2 5.53 

Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final- 

-3 5.56 -3 5.56 
-2 5.42 

.2 5.53 
xx 
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Table 5 . 3 . 2 b  Mining Sequence Gages D-Mlx-x, Room D, Station -01 m 

D-Mll - D-Ml4 PI Comments 

02/24/92 RLJ [96%] Installation of this set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) 
resulted in the first early closure measurements made at WIPP. They were installed in the center of Room D. The 
gages were measured within 4 hours after the firat mining machine pass. Ejrly results (top graph) are typical for 
early data from other closure stations of similar geomcuy. Excavation effects can be seen as bump like features 
that correspond to the mining of each pass. The data collected in Room D clearly show a "crossover" or tendancy 
for the rnidspan vertical gage to close more than a vertical gage located off center. D-M1 1 became the centermost 
gage with Pass 2 widening, therefore data from D-M1 1 reflects greater closure than data from D-Ml4. Gage 
disruption due to mining required a total of 5 reinstallations. Long term data (bottom graph) are quite smooth for 
this unheated room and appear unaffected by the extensive roof bolting that occurred in September of 1987 (- day 
1250 - 1300). (DEM) 

Gage In forma tion 

Gage Number Gage Type 
D-M11-1 CONV 
D-Mll-3 CONV 
D-M12-1 CONV 
D-M12-2 CONV 
D-M13-1 CONV 
D-M13-2 CONV 
D-M14-1 CONV 

Gage Location 

Gage Number 
D-M11-1 
D-Mll-3 
D-M 1 2- 1 
D-M12-2 
D-M 1 3- 1 
D-M13-2 
D-Ml4- 1 

x 1  (m) 
-0.21 
-0.18 
-1.66 
-2.68 
-1.62 
-2.68 
0.58 

Gage 
Orient. 

v 
V 
H 
H 
H 
H 
V 

- Record- 
Gage 
Manf. 

Installation 
Date 

T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 
T MAN 

SNL 
SNL 
SNL 
SNL 
SNL 
SNL 
SNL 

3/20/84 
4/8/84 
3120184 
3/26/84 
3/20/84 
3/26/84 
3120184 

x 2  (m) 
-0.21 
-0.21 
2.74 
2.74 
2.68 
2.68 
0.58 

y1 (m) 
-1.39 
- 1.48 
-1.11 
-1.54 
-1.14 
-1.54 
- 1.39 

Drawing 
Number 

T91025-OOOA 
T91025-OOOA 
T91025-OOOA 
T91025-OOOA 
~9 1 025-OOOA 

mo25-ooo~ 
T91025-OOOA 

Gage Coordinatcs 
Room - - Local - - 

y2 (m) z1 (m) 22  (m) z1 (m) 22 (m) 
- 1.39 -0.97 2.77 -0.97 2.77 
-1.39 -2.80 2.77 -2.80 2.77 
-1.11 1.04 1.04 1.04 1.04 
-1.1 1 1.01 1.04 1.01 1.04 
-1.14 0.12 0.12 0.12 0.12 
-1.14 0.12 0.12 0.12 0.12 
-1.39 -0.92 2.80 -0.92 2.80 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage L e n d 1  (m) Gape Lenpth Cm) Gape Length (m) Gape Lcngth (m) 

DM11 V -1 3.74 -- -3 5.69 -3 5.69 
D M13 H -1 4.31 -2 5.53 _ _  -2 5.53 
D M14 V -1 3.72 _ _  xx xx 
D M12 h -1 4.40 -2 5.57 _ _  -2 5.57 
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Table 5.3.2~. Mining Sequence Gages D-M2x-x, Room D, Station +09 m 

D - M21- D-M24 PI Comments 

02/24/92 RLJ [97%] Installation of this set of Mining Sequence Closure Gages (2 vertical and 2 horizontal) 
resulted in the first early closure measurements made at WIPP. They were installed in the north half of Room D. 
The gages were measured within 3 hours after the first mining machine pass. Early results (top graph) are typical 
for early data from other closure stations of similar geomemy. Excavation effects can be seen as bump like 
features that correspond to the mining of each pass. The data collected in Room D clearly show a "crossover" or 
tendancy for the midspan vertical gage to close more than a vertical gage located off center. D-M21 became the 
centermost gage with Pass 2 widening, therefore data from D-M21 reflects greater closure than data from 
D-M24. Gage disruption due to mining required a total of 9 reinstallations. Long term data (bottom graph) are 
quite smooth for this unheated room and appear unaffected by the extensive roof bolting that occurred in 
September of 1987 (- day 1250 - 1300). (DEM) 

Gage Information 
Gage Gage 

Gage Number Gage Type Orient. - Record - Manf. 
D-M21-1 CONV V T MAN SNL 
D-M21-3 CONV V T MAN SNL 
D-M22-1 CONV H T MAN SNL 
9 M 2 2 - 2  CONV H T MAN SNL 
D-M23-1 CONV H T MAN SNL 
D-M23-2 CONV H T MAN SNL 
D-M24-1 CONV V T MAN SNL 

Install ation 
Date 

3/22/84 
4/9/84 
3/22/84 
3/27/84 
3/22/84 
3/27/84 
3/22/84 

Drawing 
Number 

T9102.5-000A 
'r91 O ~ ~ - O O O A  
T91025-000A 
T91025-00OA 
T91025-000A 
19 1025-WOA 
191025-000A 

Gage Location 
Gage Coordinates 

- Local- - Room- 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) Z2(m) 21  (m) 22  (m) 

D-M21-1 -0.15 -0.15 9.37 
D-M21-3 -0.12 -0.15 9.34 
D-M22-1 - 1.92 2.71 9.31 
D-M22-2 -2.74 2.71 9.28 
D-M23-1 -1.70 2.71 9.28 
D-M23-2 -2.74 2.7 1 9.34 
D-M24- 1 0.37 0.37 9.37 

Gage Length Upon Installation 
Pass 1 

9.37 -0.97 
9.37 -2.76 
9.31 1 .05 
9.31 0.78 
9.28 0.17 
9.28 0.08 
9.37 -1.01 

Pass 2 

2.76 
2.76 
1.05 
1 .05 
0.17 
0.17 
2.76 

Pass 3 

- 1.08 2.65 
-2.87 2.65 
0.94 0.94 
0.67 0.94 
0.06 0.06 
-0.03 0.06 
-1.12 2.65 

Pass 4 + Trim 
-Final- 

Gage Number Dir Gage Length (m) Gage Length (m) Gape Length (m) Gage Length (m) 

D M21 V -1 3.73 _ -  -3 5.64 -3 5.64 
D M23 H -1 4.41 -2 5.55 _ _  -2 5.55 
D M24 -1 3.77 _ _  
D M22 h -1 4.63 -2 5.65 _ _  -2 5.65 

V xx xx 
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5 . 4  Room G Mining - Sequence Closure Data 

The Geomechanical Evaluation Test is the test fielded in Room G. A s  

initially planned, this was to be a multiphase test involving a long, 

isolated drift (test room), a long cross-drift with a yield pillar, and 

subsequent widening of some drifts. All of these were to be unheated. 

Only the first phase, the excavation of the long test room was completed. 

At this point in time, there is no plan to field the other phases of the 

test. The intent of the long test room is to provide a test that conforms 

closely to a two-dimensional test configuration so that no simplifying 

assumptions are required to simulate the test numerically in our common 

two-dimensional structural codes. The excavation of  Room G started on the 

swing shift o f  11/9/84 and was completed on the swing shift of  1 / 4 / 8 5 .  

The room remains as an active test as of the date of this report, and will 

continue as long as the room can be maintained. 

The location guide for the gages in Room G is given in Table 5 . 4 . 1 .  

The table presents schematically the relative gage positions in the test 

room. The numerical designation of the gage can be used as a key to the 

location and orientation of the gage. 

Mining sequence closure gage information is given in Tables 5.4.2a-c 

and gage data are plotted in Figures 5.4.la-c. 

Because of the simplicity of the room excavation, the mining sequence 

data are straightforward. The closure response of the three stations are 

essentially identical, except for the minor differences because of  the 

slight differences in pass dimensions and timing of the mining sequence 

from one station to another. 

A 1  though Room G has not been specifically analyzed, preliminary 

calculational results have been presented as part of more general 

136 



Table 5 . 4 . 1 .  Room G Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

no. rib so .  rib pass 1 center 

GAST+46 Vertical 

Horizontal 

Vertical 

roof [ GAM04 GAM01 1 
[ 1 
[ 1 

mid [ GAM02 -1 I 
[ 1 
1 1 

floor [ -1 -1 1 

GDST-01 Vertical 

Horizontal 

Vertical 

GBST-74 Vertical 

Horizontal 

Vertical 

roof [ GDM14 GDMll 1 
1 

[ 1 
mid [ GDM12 -1 1 

[ 1 
[ 1 

floor [ -1 -1 1 

roof GBM24 GBM21 3 
[ I 
[ 1 

mid [ GBM2 2 -1 1 
[ 1 
[ 1 

floor [ -1 -1 1 

discussions of predictive technology validation [25]. Because the floor 

of this test: room is just above a massive anhydrite bed (MB139) which is, 

as yet, not well characterized mechanically, additional analysis work 

remains to be done for Room G. 

The Room G remotely collected mechanical data are presented in a 

separate report [ 6 ] .  Use of the mining sequence data in conjunction with 

the  remotely collected data give a complete closure history. 

[text continues on paRe 1441 
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Table 5.4.2a. Mining Sequence Gages GAMOx-x, Room G, Station +46 m 

GAM01 - GAM04 PI Comments 

02/28/92 RLJ [97%] This set of Mining Sequence Closure Gages ( 2  vertical and 1 horizontal) was installed in 
the east portion of Room G. They were initially measured about 3 hours after the first mining machine pass. 
Early results (top graph) differ in closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms. The 
difference between horizontal and vertical closure is not nearly as pronounced in Room G probably because of a 
width to height ratio of 2: 1. Excavation effects are barely discemable because pass 2 followed pass 1 by only 2.3 
days and because of the simple 2 pass mining scheme. Gage disruption due to mining required only 3 
reinstallations. Long term data (bottom graph) acquisition was suspended for nearly a year because of restrictions 
in room access to permit roof bolting and other ground control measures. This suspension is seen as a gap in the 
plot starting at day 1967. (DEW 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 

GAMO1-1 CONV V T MAN SNL 12/8/84 T91025-000A 

GAMO2-1 CONV H T MAN SNL 12/8/84 T91025-000A 

GAM02-2 CONV H T MAN SNL 12/10/84 T91025-000A 
GAM04-1 CONV V T MAN SNL 12/8/84 T91025-000A 

Gage Location 
Gage Coordinates 

- Room - 

GAMO1-1 45.55 45.55 -0.08 -0.08 -1.56 1.46 -1.11 1.91 
GAMO2-1 45.60 45.60 -2.97 1.39 -0.10 -0.10 0.35 0.35 
GAM02-2 45.60 45.60 -2.97 2.97 -0.10 -0.04 0.35 0.41 
GAM04-1 45.58 45.58 -1.58 -1.58 -1.05 1.53 -0.61 1.98 

Local - - 
Gage Number X1 (m) X2 (m) Y1 (m) Y2(m) 21 (m) 22  (m) 21 (m) 2 2  (m) 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

Gaae Number Dir Gase Lenath (rn) Care Length Im) Gaee Lcnrth (m) Gage Length (rn) 

Pass 1 Pass 2 Pass 3 

GAM0 1 V - I  2.58 _ _  
GAM03 H -1 3.31 -2 6.16 
GAM04 -1 2.58 -_ V 

None -1 3.09 
None -2 6.16 
None xx 
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Table 5 . 4 . 2 b .  Mining Sequence Gages GDMlx-x, Room G, Station -01 m 

GDMll  - GDMl4 PI Comments 

02/28/92 RLJ [98%] This set of Mining Sequence Closure Gages (2 vertical and 1 horizontal) was installed in 
the center portion of Room G. They were initially measured less than 1 hour after the first mining machine pass. 
Early results (top graph) differ in closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms. The 
difference between horizontal and vertical closure is not nearly as pronounced in Room G probably because of a 
width to height ratio of 2:l. Gage disruption due to mining required 4 reinstallations. Long term data (bottom 
graph) acquisition was suspended for nearly a year because of limitations to room access to permit roof bolting 
and other ground control measures. This suspension is seen as a gap i n  the plot starting at day 1963. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. -Record - Manf. Date Number 
GDM11-1 CONV V T MAN SNL 12/13/84 T91025-000A 

GDM12-1 CONV H T MAN SNL 12/13/84 T91025-000A 
GDM12-2 CONV H T MAN SNL 12/14/84 T9102.5-000A 
GDM14-1 CONV v T MAN SNL 12/13/84 T91025-000A 

Gage Location 
Gage Coordinates 

Room - 

GDMll-1 -1.06 - 1.03 -0.1 1 -0.1 1 -1.48 1.53 -1.51 1.51 

- Local - - 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) 21 (m) 22  (m) z1 (m) 22 (m) 

GDM 12-1 -1.00 - 1 .oo -3.03 1.19 -0.05 -0.05 -0.08 -0.08 
GDM12-2 -1.00 -1.09 -3.03 2.97 -0.05 -0.05 -0.08 -0.08 
GDM14-1 - 1.06 - 1.06 ~ 1.23 -1.23 -1.16 1.57 -1.19 1.55 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

Gage Number Dir Gaee Length (m) Gape Length (m) Gage Lenath (rn) Gaee Length (m) 

Pass 1 Pass 2 Pass 3 

GDMll V -1 2.52 _ _  
GDM13 H -1 4.23 -2 6.18 
GDM14 -1 2.52 _ _  V 
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None -1 3.06 
None -2 6.18 
None xx 
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Table 5 . 4 . 2 ~ .  Mining Sequence  Gages GBM2x-x, Room G, Station - 7 4  m 

GBM21- GBM24 PI Comments 

02/28/92 RLJ [96%] This set of Mining Sequence Closure Gages (2 vertical and 1 horizontal) was installed in 
the west portion of Room G. They were initially measured about 4 hours after the first mining machine pass. 
Early results (top graph) differ in closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms. The 
difference between horizontal and vertical closure is not nearly as pronounced in Room G probably because of a 
width to height ratio of 2:l. Gage disruption due to mining required 6 reinstallations. Long term data (bottom 
graph) acquisition was suspended for nearly a year because of restrictions in room access to permit roof bolting 
and other ground control measures. This suspension is seen as a gap in the plot starting at day 1948. (DEW 

Gage Information 

Gage Number Gage Type Orient. - Record - Manf. Date 
Gage Gage Installation Drawing 

Number 

GBM21-1 CONV V T MAN SNL 12/28/84 T91025-000A 

GBM22-1 CONV H T MAN SNL 12/28/84 T91025-000.4 

GBM22-2 CONV H T MAN SNL 12/28/84 T91025-000A 

GBM24-1 CONV V T MAN SNL 12/28/84 T91025-OOOA 

Gage Location 
Gage Coordinates 

- Local - - Room- 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) 22 (m) z 1  (m) 22  (4 

GBM21-1 -74.24 -74.21 0.02 -0.02 -1.48 1.57 -1.33 1.72 
GBM22-1 -74.00 -74.00 -3.03 1.19 0.04 0.04 0.20 0.20 
GBM22-2 -74.00 -74.15 -3.03 2.94 0.04 -0.05 0.20 0.11 
GBM24-1 -74.24 -74.24 -1.23 -1.23 -0.96 1.57 -0.80 1.72 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

Gage Number Dir Gage Lenpth (m) Gage Length (m) Gage Lcngth (m) Gage Lenpth (m) 

Pass 1 Pass 2 Pass 3 

GBM21 V -1 2.74 _ _  
GBM23 H -1 4.36 -2 6.18 
GBM24 V -1 2.73 - -  

None -1 3.06 
None -2 6.18 
None XX 
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5.5 Room H Mining Sequence Closure Data 

The Heated Axisymmetric Pillar Test (Room H) is a unique configuration 

which conforms to the two-dimensional constraints of the most commonly 

used numerical codes. Thus, the test could be modeled exactly in the 

codes. The test room was excavated in two stages: First, the single pass 

mining of the room access drift started on the swing shift of 4/16/84 and 

ended on the day shift of 4/21/84. Second, the test room was excavated as 

an annulus around the central pillar in three passes and two major rib or 

pillar trims and three major floor trims, beginning on the swing shift of 

1/24/85 and ending on the graveyard shift of 2/13/85. The room remains 

active at the time of this report and will continue as long as possible. 

The location guides for the mining sequence gages in Room H and for 

the temporary closure gages in the Room H access drift are given in Table 

5.5.1. This table presents schematically the relative gage positions in 

the test room and access drift. The numerical designation of  the gage can 

be used as an indication of the location and orientation of the gage. 

Mining sequence closure gage information for Room H entry is given in 

Table 5.5.2 and Figure 5.5.1 and for Room H proper in Tables 5.5.3a-c and 

in Figures 5.5.2a-c. 

Heating of the pillar began on 2/13/86, some 364 days after completion 

of room excavation and 662 days after completion of the access drift 

excavations. Heating caused a marked increase in the closure rates, as is 

evident in the data. A preliminary analysis of Room H mining sequence 

data has been published [17], which indicates the influence of the close 

proximity of mining around the pillar on the measured response. The 

remotely read mechanical and thermal gage data for Room H have been 

reported [ 7 ] .  
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Table 5.5.1. Room H Mining Sequence Closure Units (Gages) Location Guide 

Station Direction Relative Location 

**Access Drift 
pillar NllOO 

H ST091 
Vertical roof 

Vertical floor 

**Room 

H ST178  
Vertical roof 

Horizontal mid 

Vertical floor 

H ST268 
Vertical roof 

Horizontal mid 

Vertical floor 

H ST360 
Vertical r o o f  

H-MO 1 

H-MO 2 

pillar pass 3 center pass 2 
pass 1 

rib 

[ H-Ml4 H-Mll H-Ml5 1 
[ 1 
[ 1 

-21 [ -3 
[ 1 
[ -1 1 
[ -1 -1 1 

H-Ml2 

[ H-M24 H-M21 H-M25 1 
[ I 
[ 3 
[ - 3  H-M2 2 -21 
[ 1 
[ -1 1 

[ H-M31 H-M35 1 
[ 1 
[ 1 

Horizontal mid [ -3 -21 H-M3 2 
1 J 
[ 1 

Vertical floor I -1 -1 1 

[text continues on page 1541 
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Table 5.5.2. Mining Sequence Gages H-MOx-x, Room H Entry, Station 90" 

H-Mol - H-MO2 PI Comments 

03/03/92 RLJ [97%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed in 
the access drift to room H. They were initially measured less than 3 hours after the mining machine pass. Early 
results (top graph) differ in closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms. There is 
practically no difference between horizontal and vertical closure for these gages, although horizontal closure is 
very slightly greater. Gage disruption due to mining required no reinstalladons (the access drift was mined with a 
single pass). Long term data (bottom graph) clearly show the effect of subsequent mining in Room H as an 
acceleration in closure occurring about day 280. This feature is noteworthy because both H-MO1 & H-MO2 were 
20 m away from the main room excavation. (DEW 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 

H-Mol-1 C O W  V T MAN SNL 411 9/84 T91025-000A 

H-M02-1 CONV H T MAN SN L 4/19/84 T91025-000A 

Gage Location 

Gage Coordinates 
Room - - Local- - 

Gage Number R1 (m) R2 (M) T1 (deg) T2 (deg) Z1 (m) 22 (m) Z1 (m) 22 (m) 
H-Mol-1 36.48 36.51 90.00 89.90 - 1.54 1.54 -0.86 2.22 
H-M02-1 36.55 36.49 92.70 87.10 0.08 0.08 0.75 0.75 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 

G a s  Number Dir Gage Lenrth (m) Gaae Length (m) Gam Length (m) Gage Length (m) 

H M01 V -1 3.20 
H M02 H -1 3.81 
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Table 5.5.3a. Mining Sequence Gages H-Mlx-x, Room H, Station 178"  

H - M l l -  H-Ml5 PI Comments 

03/03/92 RLJ [98%] This set of Mining Sequence Closure Gages (3 vertical and 1 horizontal) was installed 
radially outward and due west of the Room H pillar. They were initially measured less than 4 hours after the first 
mining machine pass, except for H-Ml5 which was installed after pass 2. Early results (top graph) are similar in 
closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms even though the test room geomelries 
are very different. Gage disruption due to mining required 8 reinstallations. Long term data (bottom graph) 
clearly show thermal effects caused by activation of the pillar heater, this is especialIy true for the horizontal gage 
H-Ml2. This acceleration in closure occurs about day 383, corresponding LO heater activation. (DEM) 

Gage Information 

Gage Number Gage Type 
H-M11-1 CONV 
H-M12-1 CONV 
H-M12-2 CONV 
H-M12-3 CONV 
H-M14-1 CONV 
H-M15-1 CONV 

Gage Location 

GageNumber R1 (m) 
H-M11-1 10.98 
H-M12-1 8.53 
H-M12-2 8.53 
H-M12-3 5.54 
H-M14-1 10.64 
H-M 15- 1 12.2 1 

Gage 
Orient. 

V 
H 
H 
H 
V 
V 

Gage 
- Record - Manf. 

Installation 
Date 

Drawing 
Number 

T MAN SNL 
T MAN SNL 
T MAN SNL 
T MAN SNL 
T MAN SNL 
T MAN SNL 

1/26/85 
1/26/85 
2/1/85 
2/5/85 
1/26/85 
2/1/85 

Gage Coordinates 
- Local - 

R2(M) T1 (deg) TZ(deg) Z1 (m) 22 (m) 
10.95 179.20 179.10 -1.61 1.38 
12.45 178.80 179.20 -0.05 -0.05 
16.34 178.80 179.40 -0.05 -0.05 
16.38 177.20 179.80 -0.05 -0.05 
10.64 179.20 179.20 -0.83 1.33 
12.24 178.90 179.00 -1.61 1.38 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 

T91025-000A 
T91025-000A 
T9 1025-OOOA 
T91025-000A 
T9 1025-OOOA 
T91025-MH)A 

- Room- 
21 (m) 22 (m> 
-1.56 1.42 
-0.01 -0.01 
-0.01 -0.01 
-0.01 -0.01 
-0.78 1.38 
-1.56 1.42 

Pass 4 + Trim 
-Final- 

Gaae Number Dir Gage Lenzth (m) Gaae Length (m) Gage Lenath (m) Gaze Length (m) 

H M11 V -1 2.59 7.70 _ _  -1 3.05 
H M12 H -1 4.10 -2 _ _  -3 10.92 -3 10.93 
H M14 -1 2.59 
H M15 V -1 2.60 _ _  3.01 

_ -  

V xx _ _  _ _  
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Table 5.5.3b. Mining Sequence Gages H-M~x-x, Room H ,  Station 268"  

H - M21- H - M25 PI Comments 

03/03/92 RLJ [97%] This set of Mining Sequence Closure Gages (3 vertical and 1 horizontal) was installed 
radially outward and due south of the Room H pillar. They were initailly measured less than 5 hours after the frst 
mining machine pass, except for H-M25 which was installed after pass 2. Early results (top graph) are similar in 
closure magnitude and slope from data recorded in the 5.5 x 5.5 m rooms even though the test room geometries 
are very different. Gage disruption due to mining required 8 reinstallations. Long term data (bottom graph) 
clearly show the thermal effects caused by activation of the pillar heater, especially for the horizontal gage 
H-M22. The acceleration in closure occurs about day 382, corresponding to heater activation. (DEM) 

Gage Information 

Gage Number Gage Type Orient. - Record - Manf. Date 
Gage Gage Installation Drawing 

Number 
H-M21-1 CONV V T MAN SNL 1/27/85 ~91025-000~ 

H-M22-1 CONV H T MAN SNL 1 /27/85 T91025-00OA 

H-M22-2 CONV H T MAN SNL 1/31/85 T91025-000A 
H-M22-3 CONV H T MAN SNL 2/5/85 T91025-000A 
H-M24-1 CONV v T MAN SNL 1/27/85 T91025-000A 

H-M25-1 CONV v T MAN SNL 1/31/85 T91025-00OA 

Gage Location 
Gage Coordinates 

Room - - - Local - 
Gage Number R1 (m) R2 (M) T1 (deg) T2 (deg) Z1 (m) 2 2  (m) Z1 (m) 22  (m) 

H-M21-1 10.80 10.80 269.60 269.60 -1.70 1.41 -1.80 1.30 

H-M22-2 8.13 16.39 269.50 269.70 -0.14 -0.14 -0.25 -0.25 

H-M24-1 10.37 10.37 269.60 269.60 - 1.20 1.41 -1.31 1.30 
H-M25-1 11.74 1 1.74 269.40 269.50 -1.70 1.38 - 1.80 1.27 

H-M22-1 8.13 12.47 269.50 269.70 -0.14 -0.14 -0.25 -0.25 

H-M22-3 5.56 16.44 267.10 269.40 -0.23 -0.05 -0.34 -0.16 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 +Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gaae Length (m) Gage Leneth (m) 

H M21 V -1 2.65 _ _  - _  -1 3.16 
H M22 H -1 4.51 -2 8.20 -3 10.62 -3 10.95 

V xx H M24 -1 2.61 
V -_  -1 3.14 -1 2.43 _ _  H M25 

_ _  _ _  
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Table 5.5.3~. Mining Sequence Gages H-M3x-x, Room H, Station 360" 

H - M31- H - M35 PI Comments 

03/03/92 RLJ [98%] This set of Mining Sequence Closure Gages (3 vertical and 1 horizontal) was installed 
radially outward and due east of the Room H pillar. They were initially measured less Lhan 8 hours after the first 
mining machine pass, except for H-M35 which was installed after pass 2. Early results (top graph) are similar in 
closure magnitude and slope from data recorded in the 5.5 x 5.5 rn rooms even though the test room geometries 
are very different. A centerline vertical gage (H-M34) for pass one was never installed at this station. Gage 
disruption due to mining required 7 reinstallations. Long term data (bottom graph) clearly show the thermal 
effects caused by the activation of the pillar heater, especially for the horizontal gage H-M32. The acceleration in 
closure occurs about day 381, corresponding to heater activation. (DEW 

Gage Information 

[ GageNumber Ga eType Orient. Manf. Date Number 
H-M31-1 CONV V T MAN SNL 1/28/85 1'91025-OOOA 

H-M32-1 CONV H T MAN SNL 1/28/85 T91M5-000A 

H-M32-2 CONV H T MAN SNL 1 /30/85 T9 1025-OOOA 

H-M32-3 CONV H T MAN SNL 2/6/85 T91025-000A 

H-M35-1 CONV V T MAN SNL 1/30/85 1'91025-OOOA 

Gage Gage Installation Drawing 

Gage Location 
Gage Coordinates 

Room - 
Gage Number R1 (m) R2 (M) T1 (deg) T2 (deg) Z1 (m) 22  (m) z 1  (m> 22  (m) 

H-M3 1- 1 11.27 1 1.20 0.03 0.00 - 1.59 1.40 -1.56 1.42 
H-M32- 1 9.14 13.52 359.90 0.00 -0.05 -0.05 -0.02 -0.02 
H-M32-2 9.14 16.43 359.90 0.00 -0.05 -0.05 -0.02 -0.02 
H-M32-3 5.57 16.48 0.20 0.90 -0.09 0.00 -0.07 0.02 

- Local - - 

H-M35-1 12.48 12.48 0.00 0.20 - 1.59 1.43 -1.56 1.46 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (m) Cage Length (m) Gage Length (m) 

H M31 V -1 2.65 _ _  _ -  -1 3.02 
H M32 H -1 4.61 -2 7.04 -3 10.69 -3 11.05 
H M35 V -1 2.68 _ _  - -  -1 3.09 

Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final- 
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5.6 ISBT Mining (Drilling) Sequence Closure Data 

The Intermediate Scale Borehole Test is a unique test that was fielded 

considerably after the TSI tests to provide an understanding of the "scale 

effect" in salt, if any. The purpose was to perhaps resolve a three fold 

discrepancy between the predicted and observed room closure behavior that 

existed at that time, but which has since been resolved [25]. The ISBT 

consists of a 0.91 m (3.0 ft) diameter hole, drilled from Room C2 through 

an old pillar into Room C1. The excavation of Rooms C1 and C2 started on 

3/17/84 and was finished on 4 / 9 / 8 4  for what was intended to be rooms for 

the demonstration of high level radioactive canister emplacement equipment, 

which never came to fruition. Some 6.7 years later, the drilling of the 

ISBT borehole through the pillar between the rooms began on 12/3/90 and was 

completed on 12/13/90. The pillar had been heavily instrumented previously 

to observe the change in pillar response caused by the drilling of the 

hole. A s  the drilling of the hole progressed, drilling (mining) sequence 

closure stations were established between the drill bit and the excavation 

face. These stations were the result of the equivalent of single pass 

excavation. Data were recorded from these stations briefly, until they 

were replaced by remote closure gages. 

The location guide given in Table 5.6.1 shows the schematic placement 

of the gages at each station. Gage designations suggest both the location 

and the orientation o f  the gage. 

The appropriate mining (drilling) sequence gage information is given in 

Tables 5.6.2a-g and the mining sequence closure data are displayed in 

Figures 5.6.la-g. Please note, because monitoring of the mining sequence 

gages was for only a short period of time before they were replaced by 

remote gages, a single 50 day graph of the data is all that can be given. 
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Table 5.6.1. ISBT Mining Sequence Closure Gages Location Guide 

Station Direction 

C2ST-09 
Vertical 

Horizontal 

Vertical 

C2ST-06 
Vertical 

Horizontal 

Vertical 

C2ST-03 
Vertical 

Horizontal 

Vertical 

C2ST 00 
Vertical 

Horizontal 

Vertical 

C2ST 03 
Vertical 

Horizontal 

Vertical 

roof 

mid 

floor 

roof 

mid 

floor 

roof 

mid 

floor 

roof 

mid 

floor 

roof 

mid 

floor 

Relative Location 
north center south 

[ C2M01 3 
[ I 

[ I 
[ C2M02 -11 

[ 1 
[ 1 

[ -1 I 

[ C2M21 I 
[ I 

[ I 
[ C2M22 -11 

[ 1 
[ 1 

[ -1 I 

C2M41 3 
I 
1 

-11 
1 

I 
-1 1 

[ C2M61 I 
[ 1 

[ 1 
[ C2M62 -11 

[ 1 
[ 1 

[ -1 1 

[ C2M71 I 
[ 1 

[ 1 
[ C2M72 -11 

1 1 
[ 1 

[ -1 1 
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Table 5.6.1. ISBT Mining Sequence Closure Gages Location Guide (Cont.) 

Station Direction Relative Location 
north center south 

C2ST 06 
Vertical roof C2M81 1 

Horizontal mid [ C2M82 -13 

Vertical floor [ -1 I 

[ 1 
[ I 
[ I 

[ 1 

C2ST 09 
Vertical roof 

Horizontal mid 

Vertical floor 

[ C2M91 1 
[ I 

[ I 
[ C2M92 -11 

[ 1 
[ 1 

[ -1 1 

A s  is apparent, because the ISBT was drilled in a single pass, the 

data require no special reduction procedures to correct for mined out 

closure points. A s  previously noted, the gages measured all of the 

displacement except for that deformation which occurs in advance of the 

drilling face prior to the emplacement of the gage. The amount of this 

deformation, while unmeasured, is thought to be small [23]. 

The measured closures in the ISBT are small compared to those normally 

associated with the TSI tests because the hole diameter is much less than 

the TSI test room dimensions, or for that matter the diameter of Room Q. 

The relatively small displacements accentuate the scatter in the data. 

However, the trends of these data are clear. 

Measured vertical closures are greater than the horizontal closures, 

which is opposite of the trend in Room Q. This is undoubtedly the result 

of preexisting stress field in the pillar, which appears to have a large 
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vertical component. By contrast in Room Q, it appears that only the 

stratigraphy controls the relative displacements. 

Although one would expect the displacements to scale with the initial 

room diameter for excavations into an initial lithostatic stress field, 

the severe three-dimensional stress field in the pillar precludes such 

easy analysis. The experiment has been analyzed in a preliminary manner 

by Arguello [ 2 6 ]  using a simplified constitutive model. Even though this 

analysis involved an extensive three-dimensional calculation, additional 

complexity of the analysis will be necessary to fully simulate this test. 

Although not yet available, a data report which includes all of the 

remotely measured data will be published. 

[text continues on page 1721 
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C2M01- C2M02 PI Comments 

03/11/92 RLJ [95%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed very 
close to the borehole collar (less than one meter). They were first measured less than 3 hours after excavation. 
Data were collected for about 40 days, then the gage was replaced with a remotely read gage. The closure 
magnitude is much different for these gages, in fact closure is reduced by more than 98% when compared to 
closure in larger rectangular rooms. Gage disruption due to mining required no reinstallations. It is apparent that 
the horizontal closure as measured by C2M02 for this station almost at the rib of Room C2 is very nearly 
nonexistant and is quite different than the closures at stations deeper into the pillar. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 
C2M01-1 CONV V T MAN SNL 12/3/90 
C2M02-1 CONV H T MAN SN L 12/3/90 

Gage Location 
Gage Coordinates - Local- - Room - 

GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) 2 2  (m) 2 1  (m) 2 2  (m) 
C2M01-1 -8.86 -8.86 0.00 0.00 -0.46 0.46 -0.01 0.92 
C2M02- 1 -8.81 -8.86 -0.47 0.47 0.00 0.00 0.46 0.46 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final- 

C2M01 v -1 0.95 
C2M02 H -1 0.97 
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None 
None 

None -1 0.95 
None -1 0.97 
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Table 5.6.2b. Mining Sequence Gages C2M2x-x, ISBT, Station -06 m 

C2M21- C2M22 PI Comments 

03/18/92 RLJ [98%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed one 
sixth the distance between rooms C1 and C2. They were first measured about 4 hours after excavation. Data 
were collected for about 39 days, then the gage was replaced with a remotely read closure gage. The closure 
magnitude is much lower for these gages in this small diameter excavation, in fact closure is reduced by more than 
98% when compared to closure in larger rectangular rooms. The horizontal displacement is less than the vertical, 
probably as a result of the stresses in the pillar. Gage disruption due to mining required no reinstallations. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Man€. Date Number 
C2M21-1 CONV V T MAN SN L 12/6/90 
C2M22-1 CONV H T MAN SNL 12/6/90 

Gage Location 
Gage Coordinatcs 

Room - - Local- - 

C2M21-1 -6.12 -6.12 0.00 0.00 -0.48 0.48 -0.17 0.79 
C2M22-1 -6.12 -6.12 -0.48 0.48 0.00 0.00 0.31 0.31 

GageNumber X1 (m) X2(m) Y1 (m) Y2(m) 21 (m) 22  (m) z 1  (m) 22 (m) 

Gage Length Upon Installation 

GageNumber Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final- 

C2M21 V -1 0.95 
C2M22 H -1 0.96 
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None 
None 

None -1 0.95 
None -1 0.96 
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Table 5.6.2~. Mining Sequence Gages C2M4x-x, ISBT, Station -03 m 

C2M41- C2M42 PI Comments 

03/19/92 RLJ [98%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed one 
third the distance between rooms C1 and C2. They were first measured about 2 hours after excavation. Data were 
collected for about 34 days, then the gage was replaced with a remotely read closure gage. The closure magnitude 
is much lower for these gages in this small excavation, in fact closure is reduced by more than 98% when 
compared to closure in larger rectangular rooms. The horizontal displacement is less than the vertical, probably as 
a result of the stresses in the pillar. Gage disruption due to mining required no reinstallations. (DEW 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 
C2M41-1 CONV V T MAN SNL 12/7/90 
C2M42-1 CONV H T MAN SNL 12/7/90 

Gage Location 
Gage Coordinates 

Room - 

C2M41-1 -3.08 -3.08 0.00 0.00 -0.48 0.48 -0.30 0.65 
C2M42- 1 -3.08 -3.08 -0.48 0.48 0.00 0.00 0.17 0.17 

- Local - - 
Gage Number X1 (m) X2 (m) Yl(m) Y2(m) z1 (m) 22  (m) z 1  (m) 22 (m) 

Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 Pass 4 + Trim 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

C2M4 1 V -1 0.95 
C2M42 H -1 0.95 

1 6 2  

None 
None 

None -1 0.95 
None -1 0.95 



2.0 

n 
E 
E 
2 1.0 
0" 
ti 

W 

a 

0.5 

0.0 

I .  
I .  

m 
. 

. I  

TIC-17.045-3 

I I I 

Room C 
Station -3 . .  

C2M41 
- . C2M42 

. 
- 

- 
.I 

- 

rn 

I 

- . C2M42-1 
- 

. 
' I I I 

lday P 0342 
1 m E J 0  

10 20 30 

Time Elapsed from Station Excavation (days) 

40 

Figure 5 . 6 . 1 ~ .  Mining Sequence Gages C2M4x-x, ISBT,  S t a t i o n  -03  m 

163 



Table 5 . 6 . 2 d .  Mining Sequence Gages C2M6x-x, ISBT, Station 00 m 

C2M61- C2M62 PI Comments 

05/07/92 RLJ [96%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed one 
half the distance between rooms C1 and C2. They were first measured about 4 hours after excavation. Data were 
collected for only 17 days, then the gage was replaced with a remotely read closure gage. The closure magnitude 
is much lower for these gages in this small diameter test, in fact closure is reduced by more than 98% when 
compared to closure in larger rectangular rooms. The horizontal displacement is less than the vertical, probably as 
a result of the stresses in the pillar. Gage disruption due to mining required no reinstallations. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 

C2M61-1 CONV V T MAN SNL 1211 OD0 
C2M62-1 CONV H T MAN SNL 12110DO 

Gage Location 

GageNumber X1 (m) X2(m) Y1 (m) Y2(m) 21 (m) 22  (m) z 1  (m) 2 2  (m) 

Gage Coordinates 
Room - - Local - - 

C2M61-1 -0.04 -0.04 0.00 0.00 -0.48 0.48 -0.48 0.48 
C2M62-1 -0.04 -0.04 -0.48 0.48 0.00 0.00 0.00 0.00 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gagc Length (m) Gage Length (m) Gage Length (m) 

C2M61 v -1 0.96 None None -1 0.96 
C2M62 H -1 0.976 None None -1 0.96 

Pass 1 Pass 2 Pass 3 
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Table 5.6.2e. Mining Sequence Gages C2M7x-x, ISBT, Station +03 m 

C2M71- C2M72 PI Comments 

05/07/92 RLJ [93%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed two 
thirds the distance between rooms C1 and C2. They were first measured about 5 hours after excavation. Data 
were collected for about 37 days, then the gage was replaced with a remotely read closure gage. The closure 
magnitude is much lower for these gages in this small diameter test, in fact closure is reduced by more than 98% 
when compared to closure in larger rectangular rooms. The horizontal closure is less than the vertical, probably as 
a result of the stresses in the pillar. Gage disruption due to mining required no reinstallations. (DEW 

Gage Information 

Gage Number Gage Type Orient. - Gage Gage Installation Drawing 
Record - Manf. Date Number 

C2M71-1 CONV V T MAN SNL 12/11/90 
C2M72-1 CONV H T MAN SNL 12/11/90 

Gage Location 
Gage Coordinates 

Room - 
C2M7 1-1 3.01 3.01 0.00 0.00 -0.33 0.63 -0.48 0.48 

- - Local - 
GageNumber XI (m) X2(m) Y1 (m) Y2(m) Z1 (m) Z2(m) z 1  (m) 22 (m) 

C2M72- 1 3.01 3.01 -0.48 0.48 0.00 0.00 -0.15 -0.15 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

Pass 4 + Trim 
-Final- 

Pass 1 Pass 2 Pass 3 

C2M7 1 V -1 0.96 
C2M72 H -1  0.97 

166 

None 
None 

None - 1  0.9560.97 
None -1  
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Table 5 . 6 . 2 f .  Mining Sequence Gages C2M8x-x, ISBT, Station +06 m 

C2M81- C2M82 PI Comments 

05/07/92 RLJ [95%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed five 
sixths the distance between rooms C1 and C2. They were first measured about 4 hours after excavation. Data 
were collected for about 36 days, then the gage was replaced with a remotely read closure gage. The closure 
magnitude is much lower for these gages in this small diameter test, in fact closure is reduced by more than 98% 
when compared to closure in larger rectangular rooms. The horizontal closure is less than the vertical, perhaps as 
the result of the stress field in the pillar. Gage disruption due to mining required no reinstallations. (DEM) 

Gage Information 

Gage Number Gage Type Orient. - Record - 
Gage Gage Installation Drawing 

Manf. Date Number 
C2M81-1 CONV V T MAN SNL 12/12/90 
C2M82-1 CONV H T MAN SNL 1211 2/90 

Gage Location 
Gage Coordinates 

Room - - Local- - 
C2M81-1 6.05 6.05 0.00 0.00 -0.48 0.48 -0.79 0.17 

GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) 22  (rn) z1 (rn) 22 (m) 

C2M82-1 6.05 6.05 -0.48 0.48 0.00 0.00 -0.31 -0.31 

Cage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (rn) Gage Length (m) Gage Length (m) 

Pass 1 Pass 2 Pass 3 Pass 4 + Trim 
-Final- 

C2M81 V -1 0.96 
C2M82 H -1 0.97 
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None 
None 

None -1 0.96 
None -1 0.97 
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Table 5.6.2g. Mining Sequence Gages C2M9x-x, ISBT, Station +09 m 

C2M91- C2M92 PI Comments 

05/07/92 RLJ [93%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed less 
than one meter from the borehole break out into Room C1. They were first measured less than 3 hours after 
excavation. Data were collected for about 40 days, then the gage was replaced with a remotely read gage. The 
closure magnitude is much different for these gages in a small diameter excavation, in fact closure is reduced by 
more than 98% when compared to closure in larger rectangular rooms. The closures measured at this station are 
less than at stations in the middle of the pillar; moreover, they differ from those measured at the collar of the hole. 
Because this unsupported hole would be expected to undergo larger displacements, the smaller measured closures 
compared to the pillar center are a result of missing considerable displacement that occurs before the gages are 
installed. The behavior at both the collar and break out stations are quite complex. Gage disruption due to mining 
required no reinstallations. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 

C2M91-1 CONV V T MAN 1211 3/90 
C2M92-1 CONV H T MAN 12/13/90 

Gage Location 
Gage Coordinates 

Room - 

C2M91- 1 8.79 8.79 0.00 0.00 -0.48 0.48 -0.93 0.03 
C2M92- 1 8.79 8.79 -0.48 0.48 0.00 0.00 -0.45 -0.45 

- Local - - 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) 2 2  (m) 21  (m) 2 2  (4 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

C2M91 v -1 0.96 None None -1 0.96 
C2M92 H -1 0.96 None None -1 0.96 

Pass 1 Pass 2 Pass 3 I’ass 4 + Trim 
-Final- 
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5.7 Room 0 Mining Seauence Closure Data 

The Brine lnflow Test (Room Q) is a cylindrical room excavated for the 

purpose o f  determining the inflow of brine from the formation. However, 

it was possible to also install and monitor mining sequence gages during 

the excavation of the room. The room was bored in a single pass using a 

tunnel boring machine. Excavation started on the day shift of  7/12/89 and 

ended on the day shift of 8/8/89. At the planned mining sequence station 

location, the boring operation was halted and the machine backed away from 

the mining face. In this manner it was possible for the geotechnical crew 

to emplace the mining sequence closure station immediately at the mining 

face, just as in the case of the conventional mining of the test rooms. 

The manual mining sequence measurements have become infrequent because the 

room access is restricted; however, remote gages were also installed. The 

room remains active and readings will continue as long as possible. 

A location guide which shows the schematic placement of the gages in 

each gage station is given in Table 5.7.1. 

Mining sequence closure information is given in Tables 5.7.2a-d. The 

data are presented in Figures 5.7.la-d. Because of the single pass mining 

there is no early detail in the closure histories and only a single graph 

of 350 days span is given. 

Reduction of  the data was straightforward because none of  the initial 

closure points were mined out. Data at the +54 m station are perturbed by 

the junction of Room Q and instrument alcove. Operationally this station 

could not be emplaced until 25 days after the boring machine had mined the 

location. The vertical and horizontal mining sequence closures are not 

identical, as would be expected from the cylindrical symmetry, because of 

the bedded stratigraphy. 
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Table 5.7.1. Room Q Mining Sequence Closure Gages Location Guide 

Station Direction 

QPST 52 
Vertical roof 

Horizontal m i d  

Vert ic a1 floor 

QPST 28 
Vertical roof 

Horizontal mid 

Vertical floor 

QPST-04 
Vertical roof 

Horizontal mid 

Vertical floor 

QPST 34 
Vertical roof 

Horizontal mid 

Vertical floor 

Relative Location 

south center north 

[ QPMO 1 1 
[ 1 

[ 1 
[ QPM02 -11  

[ I 
[ 1 

-1 1 

[ QPM31 1 
[ 1 

[ 1 
[ QPM3 2 - 1 1  

[ 1 
[ 1 

-1 1 

[ QPM5 1 I 
[ 1 

[ 

[ 
[ QPM5 2 

[ 

-11 
1 

1 

1 

[ -1 1 

[ QPM8 1 1 
[ 1 

[ 1 
[ QPM8 2 -11 

[ 1 
[ 1 

-1 1 

[text continues on page 1821 
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Table 5 . 7 . 2 a .  Mining Sequence Gages QPMOx-x, Room Q, Station +52 m 

QPMOl - QPMOZ PI Comments 

03/24/92 RLJ [88%] This set of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed near 
the Room Q collar (1.5m) in what is now the airlock. Almost 29 days elapsed between the mining of the station 
and when the first measurments were acquired. Data were collected for about 270 days and then discontinued 
because of limited room access. Thereafter, measurements were acquired remotely. Note that the closure 
magnitude in Room Q is much less than in rooms with large square or rctangular cross-sections. Because this 
station is next to a large instrumentation room rib, the closures differ from those under more uniform conditions 
further into the room excavation. Interpretation of the closures near the collar of the room is difficult. (DEW 

Gage Information 

Gage Number Gage Type Orient. - Record - 
Gage Gage Installation Drawing 

Manf. Date Number 
QPMO1-1 CONV v T MAN SNL 8/10/89 T91025-MMA 
QPM02-I CONV H T MAN SNL 8/10/89 T91025-MMA 

Gage Location 
Gage Coordinatcs 

- Local- - Room- 
GageNumber XI (m) X2(m) Y1 (m) Y2(m) Z1 (m) Z2(m) z 1  (m) 2 2  (m) 

QPMO1-1 52.73 52.73 0.00 0.00 - 1.46 1.46 - 1.87 1 .os 
QPMO2-1 52.73 52.13 -1.46 1.46 0.00 0.00 -0.41 -0.41 

Pass 4 + Trim 
-Final- 

Gaae Length Upon Installation 

GageNumber Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (m) 

Pass 1 Pass 2 PdSS 3 

QPMOl V -1 2.91 None 
QPM02 H -1 2.91 None 
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None -1 2.91 
None -1 2.91 
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Table 5 . 7 . 2 b .  Mining Sequence Gages QPM3x-x, Room Q, Station +28 m 

QPM31- QPM32 PI Comments 

03/24/92 RLJ [93%] This station of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed 
in the east portion of Room Q about 26m from the collar. Gages were first measured less than 4 hours after 
excavation. Data were collected for about 270 days, then discontinued because limited room access. Thereafter, 
measurements were acquired remotely. Note that the closure magnitude in Room Q is less than in rooms with 
large square or retangular cross-sections. The horizontal closure is greater than the vertical because of the effect 
of the bedded stratigraphy. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. -Record - Manf. Date Number 
QPM31-1 CONV V T MAN SNL 7/24/89 ~ 9 i m 5 - 0 0 0 ~  

QPM32-1 CONV H T MAN SNL 7/24/89 T91025-000A 

Gage Location 
Gage Coordinates 

Room - - Local - - 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) Z1 (m) 2 2  (m) z1 (m) 22 (m) 

QPM31-1 28.04 28.04 0.00 0.00 -1.46 1.46 -1.82 1.10 
QPM32-1 28.04 28.04 -1.46 1.46 0.00 0.00 -0.36 -0.36 

Pass 4 + Trim Gage Length Upon Installation 
Pass 1 Pass 2 Pass 3 

-Final- 
Gage Number Dir Gage Length (m) Gage Length (m) Gage Length (m) Gage Length (rn) 

QPM3 1 V -1 2.95 
QPM32 H -1 2.92 

None 
None 

None -1 2.95 
None -1 2.92 
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Table 5 . 7 . 2 ~ .  Mining Sequence Gages QPM5x-x, Room Q, Station -04 m 

QPM5l - QPM52 PI Comments 

03/25192 RLJ [91%] This station of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed 
in the center portion of Room Q about 58m from the collar. Gages were first measured less than 3 hours after 
excavation. Data were collected for about 285 days, then discontinued because of limited access. Thereafter, 
measurements were acquired remotely. Note that the closure magnitude in Room Q is less than in rooms with 
large square or retangular cross-sections. The horizontal closures are greater than the vertical because of the 
effect of the bedded stratigraphy. (DEM) 

Gage Information 
Gage Gage Installation Drawing 

Gage Number Gage Type Orient. - Record - Manf. Date Number 
QPM51-1 CONV V T MAN SNL 7/27/89 T91025-M)OA 
QPM52-1 CONV H T MAN SNL 7/27/89 ~91025-OOOA 

Gage Location 
Gage Coordinates 

Local - - Room - - 
GageNumber X1 (m) X2(m) Y1 (m) Y2(m) 21 (m) 2 2  (m) 21 (m) 22  (m) 

QPM52-1 -3.66 -3.66 - 1.46 1.46 0.00 0.00 0.00 0.00 
QPM.51-1 -3.66 -3.66 0.00 0.00 -1.46 1.46 -1.46 1.46 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

Gage Number Dir Gage Length (m) Gage Length (rn) Gage Length (m) Gage Length (rn) 

Pass 1 Pass 2 Pass 3 

QPM5 1 V - 1  2.91 
QPM52 H - 1  2.93 

1 7 8  

None 
None 

None -1 2.91 
None - 1  2.93 
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Table 5 . 7 . 2 d .  Mining Sequence Gages QPM8x-x, Room Q, Station - 3 4  m 

QPM8l-  QPM82 PI Comments 

03/26/92 RLJ [92%] This station of Mining Sequence Closure Gages (1 vertical and 1 horizontal) was installed 
in the west portion of Room Q about 89m from the collar. Gages were first measured less than 4 hours after 
excavation. Data were collected for about 281 days, then discontinued because of limited room access. 
Thereafter, measurements were acquired remotely. Note that the closure magnitude in Room Q is less than in 
rooms with large square or retangular cross-sections. The horizonkl closures are greater than the vertical because 
of the effect of the bedded stratigraphy. (DEW 

Gage Information 

Gage Number Gage Type Orient. - Record - Manf. Date 
Gage Gage Installation Drawing 

Number 
QPM81-1 CONV V T MAN SNL 8/1/89 T91025-000A 

QPM82-1 CONV H T MAN SNL 8/1/89 T91025-000A 

Gage Location 
Gage Coordinates 

- Local - - Room - 
QPM81-1 -34.44 -34.44 0.00 0.00 -1.46 1.46 -0.56 2.36 
QPM82-1 -34.44 -34.44 - 1.46 1.46 0.00 0.00 0.90 0.90 

Gage Number X1 (m) X2 (m) Y l  (rn) Y2(m) Z1 (m) %2 (m) Z1 (m) 2 2  (m) 

Pass 4 + Trim 
-Final- 

Gage Length Upon Installation 

GageNumber Dir Gage Length (m) Gagc Length (m) Gage Length (m) Gage Length (m) 

Pass 1 Pass 2 Pass 3 

QPM8 1 v -1 2.91 
QPM82 H -1 2.92 
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None 
None 

None -1 2.91 
None -1 2.92 



50 

.. - . ' .- ' 

40 

n 
E 3o 
E v 

2 
8 B 20 

1 

10 

TIQ.120274 

I I I I I I I I 
Room Q 

Station -34.4 

QPM81 
QPM82 

. 
. . . 9  ' =  

,# ! (Looking West) -I 

0 
0 50 100 150 200 250 300 350 

Time Elapsed from Station Excavation (days) 
t Jday 9213 

08/01/89 

Figure 5.7.ld. Mining Sequence Gages QPM8x-x, Room Q, Station - 3 4  m 

181 



6 INTERPRETATION AIDS 

Interpretation of in situ test data from the TSI tests involves some 

interesting, but often ignored or unrecognized, factors arising from the 

time-dependent response of the salt. These important factors must be 

understood before undertaking any meaningful analysis of the in situ 

data. Ignoring the factors may contribute to failure of the analyses used 

to predict the observed in situ behavior, and certainly causes confusion 

in interpretation of numerical studies. 

Analysts have a marked tendency to take in situ data at face value. 

The analyst must realize that in situ data represent only part of (1) the 

displacements that occur during the mining of an opening, and (2) the 

stress histories that are induced around the mined opening, Even for the 

temperature measurements, the mined openings and underground operations 

activity can influence the observed values. Often the test investigator 

and the analyst may think that nothing has happened before we arrived and 

started to make measurements. However, significant events can and often 

do occur before gage installation and beginning of measurement. Proper 

interpretation requires that the in situ test investigators recognize both 

the need to minimize "lost" or "unmeasured" displacements insofar as 

possible in the measurements, and to recognize the influence of fielding 

activity on both stress and temperature measurements. In turn, the 

numerical analyst must recognize the consequences of typical model 

abstractions and accepted assumptions, such as instantaneous excavation, 

introduced more or less routinely into the calculations, which may not be 

permissible for actual in situ conditions and the detailed configuration 

of gages. 

In obtaining the displacement results presented in this report, we 
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took every care to reduce the "lost" displacements to the smallest 

possible quantity. Further, the interpretation recognizes where the lost 

displacements reside. Schematically, the salt displacements for both 

closures and extensometers can be reconstructed (in terms of following the 

trajectory of a material point in the salt) as a mining face of an opening 

approaches, passes, and recedes from the plane of the point. If the face 

velocity is constant, the points will move in time according to the 

constitutive laws for the creep of salt. A non-constant face velocity 

introduces an additional pseudo time-dependent term. This situation can 

be illustrated. In the Figure 6.0.1, two material points, E' and C, for 

example, represent an extensometer and closure point, respectively. 

Trajectory lines for vertical displacements are drawn through the two 

points. For both points E' and C, the points undergo displacements before 

the mining face reaches them. The point E is constructed so that it does 

not undergo any displacement in the time frame of interest; however, even 

this point will eventually undergo displacement. 

Although the E' and C displacements are in general three-dimensional, 

we show here the vertical component of the displacement field because only 

this component influences the vertical closure and extensometer results. 

Displacements of this type are the result of the far-field, stress-strain 

influence of the opening on the surrounding salt. Measurement of these 

displacements can be obtained only through very special experimental 

efforts, and they usually are unrecognized. Notice that point C actually 

starts above the eventual line of the opening, but the displacement brings 

the point down to become a surface point as the face approaches the plane 

of the point. Point displacements in advance of the mining face cannot be 

measured at the face, even very quickly, because the mining operation 
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essentially mines out the displaced material. After the mining face has 

passed, both points E and C continue to displace with time. However, now 

the investigator potentially has access to these points and can install 

instruments to measure their displacements. Recall that the points 

continue to displace from creep, even though the advance of the face may 

stop or hesitate. Gage installation can be represented on the trajectory 

curves of the points. 

At the WIPP, the early, mining sequence closure gages were installed 

within about 1 m of the mining face, and within less than 1 hour of 

opening the intended gage station. This is noted on the trajectory curve 

of the surface point C .  As operations permitted, the mining sequence 

gages were supplemented by the temporary closure gages, as shown. Again, 

as operations and hole drilling permitted, the permanent closure stations 

were established. It is clear that the mining sequence data represents 

the earliest possible data. However, even for these data, the small 

amount of strain in the salt mass just ahead of the excavation face of the 

first mining pass represents a displacement of point C that is not 

measured by the mining sequence gages. Because this lost displacement can 

not be readily reconstructed, it essentially remains lost data. 

Although similar reconstructions are required for the extensometer 

data, as shown by the significant "lost" displacement for the trajectory 

of point E, we are concerned here only with the closure data. Discussion 

of the extensometer data interpretation can be found in the data reports 

of the individual tests. 

Recognition o f  the events explained above permits an abstract or 

schematic reconstruction o f  measured and "unmeasured" displacements. Such 

a reconstruction is illustrated for closure measurements in Figure 6.0.2. 
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The ability to reconstruct a complete displacement curve is perhaps the 

measure of the success of any analysis of in situ data. As a corollary, 

numerical simulations that ignore the realities of collecting field data 

may also be less than successful. 
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7 SUMMARY 

A wealth of technical information and data for the early closures as 

measured concurrently with the single and multipass mining of the 

Thermal/Structural Interactions (TSI), the Intermediate Scale Borehole 

Test (ISBT), and the Brine lnflow (Room Q) in situ tests is presented in 

this report. These data include extensive structural mining sequence data 

taken during the excavation of the test rooms, beginning in May of 1984 

and extending into January 1985, the excavation of  Room Q in July and 

August of 1989, and the drilling of the ISBT in December of 1990. 

Typically, the mining sequence measurements consist of those closure data 

taken during the actual mining of the test room, typically a duration of  

about a month, and for some time, typically about a month, thereafter. 

However, in many cases, the mining sequence closure gages have remained 

active as a check on the remote closure gage data, with data obtained for 

as long as 2800 days. 

The intent of this report is to make the results of these large-scale, 

in situ tests available to analysts and other interested persons. The 

presentation of the data is organized to permit easy access to data of a 

given type of gage or specific gage for a given test room. 

Because of the complex nature of the time-dependent response of 

underground openings in salt, interpretation aids are required to put the 

data into proper context. For proper analysis, it is essential the 

interpretation framework be understood. In fact, the mining sequence 

closure data presented here form the basis for the temporary and permanent 

closure gage data of the individual test room data reports. 

The data of the mining sequence closure gages forms a final data set 

and no update of this report is planned or required. 
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