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1.0 INTRODUCTION

This Annual Ground Control Operating Plan (AGCOP) is an internal guide document
for short- and long-term planning for the Westinghouse Mine Operations and
Engineering groups. The data collected for the plan and the evaluation of those data
are most useful when used or considered immediately after collection. Use of the data
becomes more difficult and less certain with time. This plan is updated annually, and
each successive document supersedes the previous document. The data, evaluations,
and support plans may be updated more frequently. This document is not intended to
be used as a final plan for construction. Detailed plans are developed specifically for
that purpose.

1.1 Purpose and Scope

This plan presents background information and a working guide to assist Mine
Operations and Engineering in developing strategies for addressing ground control
issues at the Waste Isolation Pilot Plant (WIPP). With the anticipated receipt of waste
in late 1997, this document provides additional detail to Panel 1 activities and options.
The plan also serves as a foundation document for development and revision of the
annual Long-Term Ground Control Plan. Section 2.0 documents the current status of
all underground excavations with respect to location, geology, geometry, age, ground
support, operational use, projected life, and physical conditions. Section 3.0 presents
the methods used to evaluate ground conditions, including visual observations of the
roof, ribs, and floor, inspection of observation holes, and review of instrumentation
data. Section 4.0 lists several ground support options and specific applications of
each. Section 5.0 discusses remedial ground control measures that have been
implemented to date. Section 6.0 presents projections and recommendations for
ground control actions based on the information in Sections 2.0 through 5.0 of this plan
and on a rating of the critical nature of each specific area. Section 7.0 presents a
summary statement, and Section 8.0 includes references. Appendix A provides an
overview and critique of ground control systems that have been, or may be, used at the
site. Because of the dynamic nature of the underground openings and associated
geotechnical activities, this plan will be revised as additional data are incorporated.
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1.2 Backaround

Underground excavation at WIPP began in 1982. Since that time, over 7 miles of drifts,
rooms, and alcoves have been excavated with several areas, including all areas north
of North-780, now closed to access. The excavations vary in geometry, geology, age,
and operational use. These differences affect the selection of ground control
measures; but the ability of the salt to creep or flow with time and the resulting fracture
process has the greatest impact on selection of ground control systems. The resulit of
salt creep is that strong forces, both vertical and horizontal, are exerted on any control
mechanism. During the time that the underground has been active, a variety of ground
control issues have been encountered ranging from minor spalling to roof falls. In
general, ground control issues before 1989 were addressed on a case-by-case basis
as they were identified. During 1889 and 1890, the roof in the majority of the
underground openings was pattern bolted with 10-foot-long mechanical-anchor
rockbolts. Since that time, the approach to ground control has evolved into a much
more comprehensive and proactive program. The program consists of many aspects
that include continuous visual inspections of the underground openings, an extensive
geomechanical monitoring system, numerical modeling studies, tracking and analysis
of rockbolt failures, implementation of selective ground control procedures, and
comprehensive in situ and laboratory testing and evaluation of ground control
components and systems.

Because of delays in the schedule for waste receipt, the ground control program has
been adapted to address the requirement that many openings will be maintained for a
longer period of time than originally anticipated. The development of plans for areas
that involve waste handling/emplacement are based on the “Baseline Repository Waste
Emplacement Schedule” [Garcia, 1996], which specifies receipt of waste in November
of 1997. The ground control program at WIPP has produced a greater understanding
of the failure mechanisms involved in the mine roof and the support systems installed in
it. As the database of information grows with time, the ability to preserve and maintain
optimal ground conditions and to predict and/or mitigate hazardous conditions
improves.

1.2.1 Summary of 1996 Ground Control Actions

This plan addresses ground control issues on a contemporary basis. Major ground
control measures implemented in calendar year 1996 include the following:
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o Supplemental pattern bolting with threaded-bar bolts was performed in Panel 1,
Room 3, and is in progress in South-1950.

* Roof beam removal was completed in the East-140 Drift from South-1300 to
South-1950. Six-foot mechanical-anchor bolts were installed following the beam
removal.

o Several arrays of yielding cable bolts were installed in the East-140 Drift between
North-460 and North-780.

e Supplemental pattern bolting with threaded-bar bolts was performed in East-140
between North-170 and North-460.

e The East-0 and East-140 Drifts were closed to access north of North-780. Ground
control actions associated with the closure included pattern bolting with threaded
bar through the North-780 intersections to approximately North-830 in both drifts
and the installation of cribs just north of the barricades.

1.2.2 Projected Ground Control Measures for 1997

The north end of the facility was closed in 1996; and all future ground control actions
will take place on the disposal horizon. With the anticipated receipt of waste in late
1997, Panel 1 conditions will be scrutinized carefully to ascertain suitability for waste
disposal. Most of the panel is reinforced with supplemental threaded-bar bolt
installations. Current projections call for adding additional ground control only as
needed and, preferably, immediately prior to waste emplacement. With waste
emplacement being a controlling parameter, ground control projections for Panel 1
include:

¢ Installation of supplemental support of cable lacing in Room 7.
¢ Installation of cable slings in Room 6.

o Completion of pattern bolting with threaded bar in South-1950.

Detailed projections for Panel 1 are discussed in Section 6.3. Tentative projections for
routine ground control actions in the remainder of the facility include the addition of
supplemental pattern bolting with threaded-bar bolts. This may be required in the
following areas in the next year:

e East-140 — South-700 to South-1000

o East-0 — North-150 to North-700

These projections are tentative and are based on evaluations of current conditions.



DOE/WIPP 97-2222

2.0 CURRENT STATUS AND CONDITIONS OF UNDERGROUND OPENINGS

Conditions may necessitate ground control actions in areas not anticipated at this time.
The underground has been divided into zones, based primarily on location, for the
purpose of evaluating and documenting the current status of each particular zone.
Figure 2-1 presents a layout of the facility with the numeric identification of each zone.
Table 2-1 lists statistical information on each zone, such as area description, roof beam
dimensions, opening geometry, excavation age, ground support, and operational use.
This table also gives the projected life of the zone based on its operational use.

Table 2-2 lists the current physical-condition assessment of each zone based on field
surveys performed in October of 1896. The information provided in Table 2-2 is based
on qualitative evaluations of roof, rib, and floor fracturing and related degradation of the
opening. The data presented in Tables 2-1 and 2-2 are used for making ground control
projections.

2.1 Geoloqgy

The underground facility horizon lies within the Salado Formation. The basic
constituents of the formation are near horizontal beds of clear halite (salt), argillaceous
halite, and polyhalitic halite. A detailed geologic discussion of the Salado Formation
can be found in Holt and Powers [1984]. Two mining horizons are located within the
facility horizon: (1) the disposal horizon and (2) the experimental horizon. Within
these horizons are seams of anhydrite and clay that have a significant impact on the
stability of openings and the selection of ground control systems. All openings in the
experimental horizon are closed and no longer accessible; therefore, any reference
relative to this horizon is limited to historical perspective. Figure 2-2 shows the typical
stratigraphy at the WIPP facility horizon.

From a ground control perspective, it is recognized that localized geologic conditions
can have a considerable impact on the stability of an opening. Fracture development
at a specific location, within a roof beam, for example, may be influenced by the clay

content or other seemingly insignificant factors that may be present.
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Figure 2-1. WIPP Underground Assessment Zones
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Table 2-1. Underground Assessment Zones — Statistical Information (Page 1 of 3)

Zone Area Opening Use Age Est Bolt Bolt Bolt Baolt Roof Beam
Number Description Dimensions (yr) Life Length  Diam. Type Spacing  Dimensions
(ft) {ft) (in.) ' (ft) (ft)
1 ROOM 1 PANEL 1 13x33 WASTEDISP 11 ST 13 1.000 THRB SPCIAL 7x33
2 ROOM2PANEL1 13x33 WASTEDISP 10 ST 99 9.999 VARY VARIOS 7x33
3 ROOMB3PANEL 1 13x33 WASTEDISP 10 ST 13 0.875 THRB 4.5SQ 7x33
4 ROOM 4 PANEL 1(N/2) 13x33 WASTEDISP 8 ST 12 0.875 THRB 4.58Q 7x33
4 ROOM 4 PANEL 1(5/2) 13x33 WASTEDISP 9o ST 13 0.875 THRB 4.58Q 7x33
5 ROOMSPANEL1 13x33 WASTEDISP 9o ST 12 0.875 THRB 4.55Q 7x33
6 ROOMG6 PANEL 1 13x33 WASTEDISP 9 ST 12 0.875 THRB 4.58Q 7x33
7 ROOM7PANEL1 13x33 WASTEDISP 9 ST 12 0.875 THRB 5x3.8T 7x33
8 S1850 PANEL 1 13x33 WASTEDISP 10 ST 6 0.625 MECH 5x5TRI 7x33
9 S1600 R4-R7 PANEL 1 13x33 WASTEDISP 9 ST 13 0.875 THRB 4.55Q 7x33
10 S1600 R1-R4 PANEL 1 13x33 WASTEDISP 10 ST 13 0.875 THRB 4.558Q 7x33
11 S1950P1 ENT E140-300 13x20 HAULAGE 11 ST 6 0.625 MECH 5x2.5T 7x20
11 S1950P1 ENT E300-520 13x20 HAULAGE 11 ST 6 0.625 MECH 5x2.5T 7x20
12 S1600 PANEL 1 ENTRY 12x14  VENTILATE 11 ST 6 0.625 MECH 5x25T 8x14
13 E300 51950-S2180 12x14  VENTILATE 11 LT 10 0.750 MECH 4x2TRI 8x14
14 E300 OVERCAST-S1850 15x19  VENTILATE 11 LT 0 0.000 NONE NONE 5x19
15 E300 S1300-S1600 12x14  VENTILATE 11 LT 6 0.625 MECH 5x2.5T 8x14
15 E300 S$1600-S1950 12x14  VENTILATE 11 LT 10 0.750 MECH 5x2.5T 8x14
16 E300 S400-S1300 12x14  VENTILATE 13 LT 10 0.750 MECH 5x2.5T 8x14
17  E300 S90-S400 12x14  VENTILATE 11 LT 10 0.750 MECH 6&x3TRI 8x14
18 E300 S90-N250 15x26 SHOP 4 ! 0 0.000 NONE NONE 5x25
19 EXHST DRIFT E OF 300 12320 VENTILATE 13 LT 10 0.750 MECH 5x25T 8x20
20 E140S OF 2180 8x256 CLOSD AREA 14 CL 0 0.000 MECH UNKNWN 6x25
20 E140 S2050-S2180 16x26 HAULAGE 14 LT 8 0.750 MECH 12x3TR 5x25
21 E140 S1600-S1950 2025 HAULAGE 14 LT 4 0.625 MECH 5x5TRI 6x25
21 E140 S1950-82050 16x25 HAULAGE 14 LT 8 0.750 MECH 12x3TR 5x25
22 E140 S$1300-S1600 20x25 HAULAGE 14 LT 5 0.625 MECH 5x5TRI 6x25
23 E140S1000-S1300 15x25 HAULAGE 14 LT 8 0.750 MECH 12x3TR 5x25
24 E140 S700-S1000 1625 HAULAGE 14 LT 8 0.750 MECH 12x3TR 5x25
25 [E140 S400-S700 16x25 HAULAGE 14 LT 8 0.750 MECH 12x3TR 5x25
26 E140 S90-S400 16x25 HAULAGE 14 LT 10 0.750 MECH 5x2.5T 5x25
27 E140 N250-N460 18x25 HAULAGE 14 LT 10 0.750 MECH 5x25T7 5x25
27 E140 S80-N250 16x25 HAULAGE 14 LT 10 0.750 MECH 5x2.5T 5x25
28 E140 N460-N780 16x25 HAULAGE 14 LT 99 9.999 VARY VARIOS 5x25
28 E140 N780-N1100 16x25 CLOSDAREA 14 CcL 10 0.750 MECH 5x2.5T 5x25
29 E140 N1100-N1400 16x25 CLOSD AREA 14 CL 10 0.750 MECH 5x2.5T 5x25
30 WB30S1850-S2180 12x14 ACCESS 8 LT 10 0.750 MECH 5x2.5T 8x14
31 W30 S1600-51950 12x14 ACCESS 1" LT 10 0.750 MECH 6x3TRI 8x14
32 WB3081175-51300 12x14 ACCESS 12 LT 10 0.750 MECH 5x2.5T 8x14
32 W30S1300-S1600 12x14 ACCESS 12 LT (-] 0.625 MECH 5x3TRI 8x14
33 W30S1150 BOOST FAN 20x25 VENTILATE 12 LT 6 0.7560 MECH 4x6SQ 6x25
34 W30 5400-S700 12x20 ACCESS 13 LT 10 0.750 MECH 5x3TRI 8x20
34 WB30S700-S1126 12x14 ACCESS 12 LT 10 0.750 MECH 5x3TRI 8x14
35 W30 590-S400 12x20 HAULAGE 14 LT 10 0.750 MECH 5x25T 8x20
36 SALT SHAFT STATION 20x33 STATION 15 LT 5 0.625 MECH 8x5TRI 6x33
37 [EOSALT STA-N150 12x25 HAULAGE 14 LT 6 0.625 MECH 5x3TRI 8x25
38 EO N150-N460 12325 HAULAGE 14 LT 10 0.750 MECH 5x2.5T 8x25
39 EO0 N460-N780 12X25 HAULAGE 14 LT 10 0.750 MECH 5X2.5T 8X25
39 EON780-N1100 12x25° CLOSD AREA 14 CL 10 0.750 MECH 5x2.5T 8x25
40 EO N1100-N1400 12x26 CLOSD AREA 14 CL 10 0.750 MECH 5x2.5T 8x25

6
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Table 2-1. Underground Assessment Zones — Statistical information (Page 2 of 3)

Zone Area Opening Use Age Est Bolt Boit Boit Bolt Roof Beam
Number Description Dimensions (yr) Lfe Length Diam. Type Spacing  Dimensions
(ft) (fr.) {in.) (ft.) (ft.)

41 W 170 S1950-S2180 12x14  HAULAGE 9 LT 10 0.750 MECH 5x25T 8x14
42 W170 S1300-S1600 12x14  HAULAGE 12 LT 10 0.750 MECH 5x2.5T 8x14
42 W170 S1600-S1950 12x14  HAULAGE 12 LT 10 0.750 MECH 5&x25T 8x14
43  W170 S1000-S1300 12x14  HAULAGE 12 LT 10 0.750 MECH 6x3TR! 8x14
43  W170 S700-S1000 12x14  HAULAGE 12 LT 10 0.750 MECH 6x3TRI 8x14
44 W170 S90-S700 12x14  HAULAGE 13 LT 10 0.750 MECH 6x37TRI 8x14
45 W170/N150 SSU/EO 12x14 HAULAGE 13 LT 10 0.750 MECH 6xaTRI 8x14
46  S2180 E140-E300 13x20 HAULAGE 11 | 10 0.750 MECH 5x2.5T 7x20
47 S2180 W30-E140 13x20 HAULAGE g 1 10 0.750 MECH 5x2.5T 7x20
47 S2180 W30-W170 13x20 HAULAGE 9 | 10 0.750 MECH 5x2.5T 7x20
48 S1950 W30-E140 12x14 CROSS 11 i 10 0.750 MECH 5x2.5T 8x14
48  S1950 W30-W170 12x14 CROSS 10 { 10 0.750 MECH 5x25T 8x14
49  S1600 E140-E300 1220 CROSS 11 1 10 0.750 MECH 6x4TRI 8x20
50 S1600 E140-W30 12x20/27 CROSS 13 | 10 0.750 MECH 5x3TRI 8x20/27
51 S$1600 W30-W 170 1220 CROSS 11 I 10 0.750 MECH 5x25T 8x20
52 S1300 E140-E300 12x25 VENTILATE 13 | 10 0.750 MECH 5&x3TRI 8x25
53 S1300 E140-W30 12x20 OFFICES 12 | 6 0.625 MECH &x3TRI 8x20
54 S1300 W30-W170 14x20 SHOP 12 | a9 9.999 MECH 4x2TRI 6x20
55 S$1000 E140-E300 12x20 CROSS 11 | 10 0.750 MECH 5x5TRI 8x20
56 S1000 E140-W30 1225 CROSS 13 i 10 0.750 MECH 55T 8x25
57 S1000 W30-W170 12433 OFFICES 12 | 10 0.750 MECH 5x25T 8x33
58 S700 E140-E300 14x33 SHOP 13 | 10 0.750 MECH 5x5TRI 6x33
59 S700 E140-W30 1220 HAULAGE 12 ] 10 0.750 MECH 6x3TRI 8x20
60 S700 W30-W170 12x32 OFFICES 13 i 6 0.625 MECH 5x25T 8x32
61  S400 E140-E300 VARIES VENTILATE 13 LT 10 0.750 MECH 5x3TRI VARIES
62 WASTE SHAFT STATION 16x22/ STATION 14 LT 10 0.750 MECH 5x5TRI 4x22
63 SS90 E140-E300 8x12 ACCESS 11 LT 10 0.750 MECH 5x2.5T 12x12
64 SO0 EO-E140 12x25 ELECTSUBS M1 | 0 0.000 NONE NONE 8x25
65 S90W30-W170 12x14  ACCESS 12 LT 10 0.750 MECH 5x2.5T 8x14
66 S90W170-AIS 12x14  VENTILATE 9 | 10 0.750 MECH 6x3TRI 8x14
67 S80AIS-Q 12x20 EXPERIMEN 8 ST 10 0.750 MECH 6x3TRI 8x20
68 QALCOVE 15x30 EXPERIMEN 8 ST 6 0.625 MECH 6xsTR! 5x30
68 QROOM 95RND CLOSD 8 CL 0 0.000 MECH NONE N/A
70  AIS STATION @ SHAFT 20x25 STATION 9 LT 12 0.750 MECH 6xsTRI 6x25
70 AlS STATION LOW BRWS 12x25  STATION 8] LT 6 0.750 MECH 6xsTRI 8x25
71  ROOMV 1225 EXPERIMEN 9 ST 4 0.750 MECH 5x25T 8x25
72 AIS ACCESS N215 13x25  VENTILATE e] LT 10 0.750 MECH 5x25T 7x25
73 N300 OE-WEST 13x26  VENTILATE 9 LT 10 0.750 MECH &x3TRI 7x25
74 E140 N460 ALCOVE 1325 OFFICES & | 10 0.750 MECH 5x25T 7x25
75 N460 EO-E140 13x25 ACCESS 14 | 10 0.750 MECH 6x3TRI 7x25
76 E140 N780 ALCOVE 13@5 STORAGE 6 | 10 0.750 MECH 65T 7x25
77 N780 EO-E140 SHOP 13x25 SHOP 14 | 10 0.750 MECH 5x25T 7x25
78 N1100 EO-E140 12xi4 CLOSD 14 CL 10 0.750 MECH 4x5TRI 8x14
79  N1100 E140-E300 12x24 CLOSD 13 CL 6 0.750 MECH 5x2.5T 8x24
79  N1100 E300-RAMP oxi4 - CLOSD 13 cL 10 0.625 MECH 5x5TRI 8x14
80 N1100 RAMP 9x14 CLOSD 13 CL 6 0.750 MECH 5x25T VARIES
81 N1100 RAMP-ROOM B 9x14 CLOSD 13 CL 6 0.750 MECH 5x2.5T 8x14
82 N1100 ROOMS B-D 9xi4  CLOSD 13 CL 6 0.750 MECH 5x25T 8x14
83 ROOMD . 18x18 = CLOSD 13 CL 10 0.875 THRB 5x5TRI 5x14
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Table 2-1. Underground Assessment Zones — Statistical Information (Page 3 of 3)

Zone Area Opening Use Age  Est Bolt Boit . Boit Patt. Boit  Roof Beam
Number Description Dimensions (yr) Life Length Diam. Type Spacing Dimensions
(ft) (ft) (in.) (ft) (ft)
84 ROOMM 11x24 CLOSD 13 CL 4 0.625 MECH 5x5SQ 6x24
85 N1400 ROOMS A3-D 12x14 CLOSD 13 CL 6 0.750 MECH 4x3TRI 5x14
86 ROOM C-1 18x18 CLOSD 13 CL 10 0.750 MECH 5x2.5T 5xt14
87 ROOM C-2 18x18 CLOSD 13 CL 10 0.750 MECH 5x3TRI 5x14
88 N1400 ROOMS A1-A3 12x14 CLOSD 13 CL 6 0.625 MECH 4x3TRI 5x14
89 N1400 ROOMS A1-B 12x14 CLOSD 13 CcL 6 0.625 MECH 5x3TRI 5x14
90 N1400 RAMP-ROOM B 12x14 CLOSD 13 CL 6 0.625 MECH 4x3TRI 5x14
91 N1400 RAMP 12x14  CLOSD 13 CL 10 0.750 MECH 5x2.5T VARIES
92 N1400 E140-RAMP 12x14 CLOSD 13 CL 10 0.625 MECH 5x25T 8x14
a3 N1100 EO-SPDV RM1 12x20 CLOSD 14 ClL 10 0.750 MECH 5x5TRI 8x20
94 N1100 SPDV ROOMS 1-4 1220 CLOSD 14 CL 10 0.750 MECH 5x5TRI 8x20
95 ROOM G AND G ACCESS 10x20 CLOSD 12 CL 10 0.750 MECH VARIOS 10x20
97 SPDV ROOM 4 13x83 CLOSD 14 CcL 10 0.750 MECH 5x5TRI 7x33
98 ROOM L-4 13x33 CLOSD 8 CL 10 0.750 MECH 5x2.5T 7x33
as ROOML-3 13x33 CLOSD 8 CL 10 0.750 MECH 5x2.5T 7x33
100 ROOML-2 13x33 CLOSD 13 CL 10 0.750 MECH 4x2TRI 7x33
101 ROOM L-1 13x33 CLOSD 13 CL 10 0.750 MECH 55T 7x33
102 N1420 EO-E140 1220 CLOSD 14 CL 10 0.750 MECH 5x25T 8x20
103 N1400 EOC-ROOM L1 12x20 CLOSD 14 CL 10 0.750 MECH 5x25T 8x20
104 N1400 ROOMS Li1-L4 12x20 CLOSD 14 CL 10 0.750 MECH 4x4TRI 8x20
105 E300 N1100-1400 SHOP 13x33 CLOSD 7 CL 10 0.750 MECH 5x2.5T 7x33
106 ROOMJ 1223 CLOSD 13 CL 10 0.750 MECH 4x4TR! 8x23
108 ROOMH ACCESS 10x11 CLOSD 13 CL 99 0.750 MECH 5x5TRI 10x11
109 ROOMH 10x36 CLOSD 12 cL a9 9.999 MECH 5x5TRI 10x36
110 N940 ALCOVE OE 12x14 CLOSD 8 CL 10 0.750 MECH 6x3TRI 8x14
111 EO N620 ALCOVE 12x25 OFFICES 8 | 10 0.625 MECH 5x2.5T 8x25
112  W170 CORE STORAGE 13x25 STORAGE 8 ST 10 0.750 MECH 5x2.5T 7x25
113 EON150 OVERCAST 20x15  VENITLATE 10 LT 10 0.750 MECH 4x4SQ 7x15
114 N150 OVERCAST-E140 10x14  VENITLATE 14 LT 10 0.750 MECH 8x4.5T 10x14

Note: For evaluation purposes, Zone 86 was combined with Zone 95, and Zone 107 was combined with Zone 94.

Age is calculated using the date of this printing and the date of completion of the first excavation sequence.
The date of printing is 2/14/97.

Zeros (e.g., 0.000) in a numerical column indicate that no information is available.
Nines (e.g., 9.999) in a numerical column indicate muitiple types or dimensions.

Key: ST - Short-term THRB - Threaded-Bar Boit
I - Intermediate MECH - Mechanical Anchor
LT - Long-term TRI - Trianguiar
CcL - Closed T - Triangular
SQ - Square

(Refer to text for detailed definitions)
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Table 2-2. Underground Inspection Survey Summary (Page 1 of 3)

Zone Arsa Roof Vert. Ribs Floor Increased EEP/OBS Long-Term
Number Description Assessment  Fract. Assessment  Assessment Closure Assessment Projection
Rate

1 ROOM 1 PANEL 1 E2 W2 1 E1 W1 E2 w2 Y 1 2
2 ROOM 2PANEL1 E2 W2 1 E1 Wi E1 wi N 1 2
3 ROOM 3 PANEL 1 E3 w2 2 E1 Wi E2 w1 Y 2 2
4 ROOMA4PANEL1(N2) E4 W3 4 Et w1 Et w2 N 1 2
4 ROOM 4 PANEL 1(5/2) E4 W3 4 Et Wi E1 w2 N 1 2
5 ROOM S5 PANEL 1 E4 W2 3 Et Wi E2 w2 N 1 2
6 ROOM 6 PANEL 1 E4 W2 3 E1 W1 E2 w2 Y 1 2
7 ROOM 7 PANEL 1 E4 W2 3 Et Wi E1 w2 Y 1 3
8  S1950 PANEL 1 N3 o1 1 N1 S1 N2 &1 Y 1 3
9 51600 R4-R7 PANEL 1 N2 84 3 N1 81 N1 82 N 1 2
10  S1600 R1-R4 PANEL 1 N2 S3 1 Nt St N2 Ss2 N 1 2
11 S1950P1 ENT E140-300 N1, $1 1 N1 $1 N1 S1 N 0 1
11 S1950P1 ENT E300-520 N2 St 1 Nt §1 N1 S1 Y 0 2
12 S1600 PANEL 1 ENTRY N1 St 1 N1 &1 N1 St Y 0 1
13  E300 S1950-S2180 E1 W1 1 E1 W1 E1 w1 N 0 1
14 E300 OVERCAST-S1850 Et1 W1 1 NA NA NA NA N 0 1
15 E300 S1300-51600 E1 Wi 1 E1 Wi E1 W1 N 0 1
15  E300 S1600-S1950 E1 Wit 1 E1 Wi E1 W1 N 0 1
16  E300 S400-S1300 E1 Wi 1 E1 Wi E2 W2 Y 1 1
17  E300 S90-S400 E1 W2 1 E2 W2 E1 W1 N 0 1
18  E300 S90-N250 Et Wi 1 E1 Wi E1 W1 N 1 2
19 EXHSTDRIFTEOF300 N1 81 1 N2 82 N1 S1 N 0 1
20 E140 52050-52180 E1 Wi 1 E1 W2 E2 W2 N 1 1
21 E140 S1600-51950 E1 Wi 1 Et Wi E1 Wi Y 2 1
21 E140 S1950-S2050 Et W2 1 E1 W1 E3 Wi Y 0 2
22  E140 S1300-51600 E1 Wi 1 Et W1 E2 w2 Y 1 1
23 E140 S1000-S1300 E3 W4 1 E1 W1 E2 w1 Y 3 3
24 E140 S700-S1000 Et W1 1 Et Wi E1 W1 Y 1 2
25 E140 S400-S700 E1T W1 1 Et Wit E1 w2 Y 1 1
26 E140 S90-S400 E3 W3 1 E1 Wi E2 Wi N 1 2
27 E140 N250-N460 E1 W5 1 E1 Wi E1 W1 N 1 2
27 E140 S90-N250 E2 w2 1 E1 Wi Et Wit N 1 2
28  E140 N460-N780 w4 1 E1 Wi E1 Wit N 0 2
30 W30 §1850-52180 E2 w2 1 E1 Wi E1 Wit N 0 1
31 W30 S1600-S1950 E1 W1 1 E2 w2 E1 Wit N 0 1
32 W30 S1175-S1300 ET Wi 1 E2 W2 E1 Wi N 0 1
32 W30 S1300-S1600 E2 W1 1 E1 W1 E1 W1 Y 0 1
33 W30S1150BOOSTFAN Et1 W1 1 E1 Wi Et W1 N 0 1
34 W30 8400-S700 E2 W1 1 E1 W1 E1 W1 Y 0 1
34 W30 8700-51125 E1T Wi 1 E1 Wit Et W1 N 0 1
35 W30 S90-S400 ES W2 2 Et Wit E1 W1 Y 0 2
36 SALT SHAFT STATION E1 W1 2 E2 w2 E1 W1 Y 2 1
37 EO0 SALT STA-N150 E3 W3 1 E1 w1 E3 W1 N 3 2
38 EO N150-N460 E3 W3 3 E1 Wit E2 w2 Y 0 2
39  EO0 N460-N780 E4 W4 2 E1 Wi E2 w2 N 0 2
41  W170 S1950-S2180 E2 W2 1 E1 W2 E1 W1 N 0 1
42  W170 S1300-S1600 E1 Wi 1 E1 W1 E1 Wi N 0 1
42 W170 S1600-S1950 E1 W1 1 E1 Wi E2 W1 N 0 1
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Table 2-2. Underground Inspection Survey Summary (Page 2 of 3)

Area
Description

W170 S1000-S1300

W170 §700-S1000
W170 S80-8700
W170/N150 S90/E0
$2180 E140-E300
52180 W30-E140
§2180 W30-W170
S$1950 W30-E140
51950 W30-W170
S1600 E140-E300
§1600 E140-W30
S$1600 W30-W170
$1300 E140-E300
51300 E140-W30
S1300 W30-W170
$1000 E140-E300
§1000 E140-W30
$1000 W30-W170
§700 E140-E300
§700 E140-W30
S700 W30-W170
S400 E140-E300

WASTE SHAFT STATION

$90 E140-E300
S90 E0-E140
S80 W30-W170
S80 W170-AIS
$90 AIS-Q
QALCOVE

AlS STATION @ SHAFT
AIS STATION LOW BRWS

ROOM V
AlS ACCESS N215
N300 OE-WEST

E140 N460 ALCOVE

N460 E0-E140

E140 N780 ALCOVE
N780 EG-E140 SHOP

EO N620 ALCOVE

W170 CORE STORAGE
EO N150 OVERCAST
N150 OVERCAST-E140

Roof
Assessment
Et Wi
E1 Wi
E1 Wi
E1 Wi
N1 St
N2 82
N2 82
N1 St
N1 81
N1 St
N1 81
N1 82
N1  S1
N1 St
N2 83
Nt 81
N2 St
N2 St
N1 S1
N1  S1
N2 82
N1 81
N1 St
N1 St
N1 Si
N1 Si
NA St
N1  §1
N1 St
Ei Wi
E1 Wi
N1 Si
N2 852
N3 S3
N1 S1
N1 St
Nt St
N1 St
N1 8t
N1 St
N1 St
Nt 81

Vert.
Fract.

b ed e mh b ek ek ok b b b b ) = b b b b ok b b b ek ek ad d od R b b ek b b b e b ak A kb b

E1
E1
E1
Et
N1
N1
N1
N1
N1
N1
N2
N1
N1
N1
N1
N1
N1
N2
N1
N1
N1
N1
N1
N1
N2
N1
N1
N1
N2
Et
E1
N1
N1
N1
N1
N1
N1
N1
N1
N1
N1
N1

Ribs
Assessment

Wi
Wi
W1
W1
St
S1
St
S2
81
§2
s2
81
51
81
81
S1
81
s2
S1
S1
$1
S1
81
S1
82
81
81
g2
§2
W1
W1
82
$1
$1
§1
§1
81
81
81
81
S1
S1

Floor
Assessment
E1 W1
El W1
E2 w2
E1l W1
N1 St
N1 S1
N1 S1
Nt St
N1 St
N1 S1
N1 S1
N2 St
N1 S1
N1 St
N1 S1
N1 St
N1 St
N1 St
N1 S2
N1 S
N1 82
N1 St
N1 S1
N1 St
N1 S1
N1 St
N1 St
N1 St
N1 S1
E1 W1
E2 W1
N1 St
N2 S2
N2 St
N1 S1
N1 S1
N2 St
Nt S1
N1 St
N1 St
NA NA
N1 S1

increased EEP/OBS Long-Term

Closure Assessment

Rate
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Table 2-2. Underground Inspection Survey Summary (Page 3 of 3)

Notes: All zones were assessed in October 1996.

Key:

The roof is assessed on a scale from 1 to 5, “17 being no low-angle fracturing noted, and “5” being low-angie
fracturing extending the full length of the zone, with separation or pull away in evidence.

Vertical fracturing is rated from 1 to 5, with “1” being none observed, and “5” being close bolt-to-boit fracturing.
0 indicates that no information is currently avaiiabie.

Ribs are assessed on a scale of 1 to 3, with “1” being good intact ribs, and “3" showing spalling or sloughing of
the surface.

The fioor is assessed on a scale of 1 to 3, with “1* being a good intact floor with no fracturing or floor heave
present. A “3" represents a badly fractured or heaving floor.

Under the heading "Increased Closure Rate," a "Y" indicates that the measured closure rate at any
convergence point within the area has increased more than 5 percent for the annual period ending
October 31, 1996, as compared to the annual period ending October 31, 1995.

Under the heading "EEP/OBS Assessment," a "0" indicates no borehole data are available.

N - North half of zone E - East half of zone
S - South half of zone W - West half of zone
N/A - Not applicable or not available
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Figure 2-2. Typical Stratigraphy at the WIPP Facility Horizon
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Disposal Horizon

The stratigraphic location of the disposal rooms is referred to as the disposal horizon.
Over 90 percent of the underground openings are located within this horizon, and all
ground control projections presented in this AGCOP are related to this level. A
20-inch-thick to 32-inch-thick persistent bed of anhydrite, identified as Marker Bed 139
(MB 139), lies about 5 feet below the floor throughout the disposal horizon. Lateral
variability in composition and thickness exists within this anhydrite bed at both
repository and regional scales. MB 139 is underlain by clay E.

In relationship to the typical disposal room with a 13-foot excavation height, Anhydrite
“a” is located approximately 13 feet above the roof and is underlain by clay H, while
Anhydrite “b” is located approximately 6.5 feet above the roof and is underlain by

clay G. Clay F is found just below the roof elevation in most excavations. Anhydrite “a”
is approximately 8.5 inches thick, and Anhydrite “b” is approximately 2.5 inches thick.
The clay seams associated with the anhydrite layers are approximately 0.25 inch thick.
Clay F is not a well-defined seam but is laterally discontinuous within the halite. The
clay layers provide a surface along which slip can occur; whereas, the anhydrite layers
are stiff units that do not creep. |n addition, the undulating top of Marker Bed 138
resists shear movement along the interface with the overlying salt [U.S. Department of
Energy, 1993a].

2.2 Geometry

The geometries or cross-sectional areas of the various drifts, rooms, and alcoves in the
underground differ, primarily as a function of use. Most of the underground openings
are rectangular in shape. The geometry of an opening, as well as the layout and
geometry of surrounding excavations, plays a role in the stability of that area. The
opening dimensions of each zone are given in Table 2-1. The geometries listed are
generally “as mined” and will vary slightly because of original mining tolerance, closure,
and maintenance activities such as scaling and milling. Major changes to geometry,
such as the roof beam removal in the East-140 Drift, are represented in annual updates
to the tabies.

A beam of salt is formed between the roof of an excavation and the nearest anhydrite
or clay seam above it. The thickness of the beam is determined by the height and
stratigraphic location of the excavation. The structural relationship between the
thickness of this beam and its width, its width being equal to the opening width, was

13




DOE/WIPP 97-2222

evaluated. In general, the thinner and wider a beam is, the less structurally competent
it is.

Historical geotechnical data on the stability of openings of various geometries are
being evaluated. It may be possible to mine some excavations to geometries that
enhance their stability. However, localized geologic conditions will always be a factor
in opening stability, and the future use of an area must be considered when designing
its geometry.

2.3 Operational Use

Long-term ground control plans are related to the operational use of specific areas.
When designing a ground control system, the physical access requirements, as well as
the geomechanical properties of an area, must be considered. Table 2-1 lists the
current use of each ground control zone. Some forms of ground control may not be
practical in certain areas, such as shops or offices. The projected life of an area is also
directly related to its use. Some areas may have to be supported for only a few years;
other areas may require support for decades. In areas that require support for long
periods of time, for example, the life of the facility; the support system will probably
undergo several changes during that time.

2.4 Excavation Age

Excavation of the underground facility began in 1982, and over 60 percent of the
existing openings were completed by the end of 1984. The average age of an opening
is 11.5 years, with some openings being over 14 years old. Table 2-1 lists the current
age of each ground control area. The age of an excavation is important with respect to
ground control because of the amount of deformation that has already occurred and the
amount that is anticipated to occur during its projected life.

Some underground openings at WIPP must remain accessible for long periods of time:
up to an anticipated life of 50 years for some main entries. The 50-year life is based on
14 years since excavation, 1 year until receipt of waste, and a 35-year operational life
after receipt of waste. With this time frame in mind, support systems must be designed
to accommodate creep-related deformation and to support the beam (if it becomes
detached). The age of an excavation at the time a support system is installed and the
age of systems in place are factors that are considered when evaluating the long-term
effectiveness of those systems.
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2.5 Projected Life

Based primarily on its operational use and projections for receipt of waste presented in
the WIPP Disposal Decision Plan (DDP), an estimated life was assigned to each zone.
The DDP that is included in the Panel 1 Utilization Plan provides a time line to receipt
of waste. This time line was used in formulating the projected estimated life of related
zones [Westinghouse Electric Corporation, 1994]. Three categories, short-term,
intermediate, and long-term, were established for this purpose. These projections are
an additional tool used in the ground control selection process. The criteria for these
designations are:

o Short-Term (ST) — A projected life of less than 10 years. This designation includes
waste disposal rooms.

¢ Intermediate (I) — A projected life of 10 to 15 years. Special use areas such as
maintenance shops are inciuded here. Shops will be required for the life of the
facility, but because of creep-related closure, it is assumed that they may be
relocated periodically.

e Long-Term (LT) — A projected life of up to 40 years or the life of the facility. This
designation covers all areas critical to the long-term operation of the facility. Shatft
stations, main ventilation drifts, and main access and haulage routes fall in this
category.

These projections use the excavation date as a start time. [f the current use of an area
changes or receipt of waste is delayed significantly, designations for specific zones
may be adjusted (e.g., a short-term area may change to an intermediate). Areas closed
to access are designated as such and have no projected life. The closed areas could
be reopened; but this is not anticipated, with the exception of East-140 south of
South-2180. These projections are unofficial and are used solely for the purposes set
forth in this plan, primarily ground control planning. Table 2-1 lists the projected life of
each zone.

2.6 Ground Conditions

Because salt is a rock that creeps when subjected to load, once an opening is made, a
continuous process of deformation and associated fracturing is initiated that is the
primary parameter affecting the condition of an excavation. The ground condition in
turn is the primary parameter dictating the type of ground control measures that will be
employed. :
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2.6.1 General Roof Beam Failure Mechanisms and Patterns

Roof beam conditions in general foliow a predictable path of deterioration over time
with the degree of degradation varying widely throughout the facility. Many areas have
remained very stable since their excavation, while low-angle fracturing and bed
separation are observed in other areas. These fractures develop from the ribs upward
over the center of the room. In areas where this process is advanced, fracturing on one
side typically predominates, and a cantilever forms and must be supported to prevent
catastrophic failure, such as a roof fall.

Time-Dependent Degradation

A virgin stress field exists in the rock prior to mining. When an excavation is made, that
stress field is disturbed, creating differential stresses that result in creep, and as a
result, closure of the room. With time, the stresses close to the excavation are relieved
by deformation of the salt into the excavation. Differential stresses and related strains
develop on each side of the strata interfaces (clay and anhydrite seams). They may
eventually lead to slippage at these contacts and eventually to bed separation.
Because the clay seams do not provide much, if any, shear resistance, the salt
between clay G in the roof and clay E below the floor moves horizontally toward the
excavation faster than the adjacent layers. This movement concentrates the stresses
on those portions of the layer remaining after the excavation (i.e., the portion between
the roof and clay G, called the roof beam, and the portion between the floor and clay E,
called the floor beam). The stresses in the roof and floor beams are manifestations of
the separate processes of bending, dilation, and shearing, which all take place at all
times. Any one of these processes may predominate at any particular time. The
concentration of stresses and strain in the roof and floor beams may reach values high
enough to cause (or at least initiate) failure. This failure can be, and commonly is, in
the form of low-angle fractures. Low-angle fractures as discussed in this text refers to
fractures initiating at or near the rib-roof intersection and propagating upward at an
angle less than 45 degrees. These fractures terminate when they reach a discontinuity
in the stratigraphy, such as a clay seam. Once the low-angle fractures develop, roof
movements in an unsupported excavation are increasingly associated more with gravity
effects than with salt-creep-driven effects. A detailed description of the failure
mechanisms involved can be found in U.S. Department of Energy [1993b].

Detailed observation and mapping of exposed fracture systems during beam removal
activities have ied to the conclusion that the formation of the low-angle fractures is
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more complex than simple compressive failure. In addition to the compressive
(horizontal) forces acting on the roof beam, gravity also plays a role. Gravity and creep
produces a downward bowing of the beam most prominent near the center of the
opening. The sagging of the beam coupled with the horizontal forces creates a
horizontal or sub-horizontal en-echelon type fracture sequence (i.e., the initial fractures
are oriented to the left or right of each other like a series of steps). These fractures
ultimately connect to form the low-angle fractures. Figure 2-3 illustrates this process.

Roof Beam Failure Patterns

The fracture mechanisms discussed above have proven to be consistent in areas
experiencing advanced degradation of the roof beam. Roof falls in Site and Preliminary
Design Validation (SPDV) Rooms 1 and 2 indicate that a detached section of a roof
beam will be somewhat of a wedge shape. Observations of the fracture patterns
exposed during the beam removal process in the East-140 Drift confirm this mode of
failure. Knowledge of the type of failure that can be expected in the roof beam aids in
the design of ground support systems. For example, support systems designed to
support the entire cross-sectional area of the roof beam are considered conservative
based on a wedge-type failure. Figures 2-4 through 2-7 illustrate the types of fracture
patterns and bolt loading that are typically observed in the roof beam. Figure 2-4
shows that by ending the resin column approximately 1 foot above the clay seam as
opposed to flush with the seam, it is anticipated that the boits wiil be subjected to a less
severe bend as a result of offset. The offset of the bolts as shown in the figures is
exaggerated for illustrative purposes.

2.6.2 Panel 1

The ground conditions in Panel 1 follow a pattern similar to what was observed in the
areas of the East-140 Drift where the beam was removed. Low-angle fractures of
varying degrees are observed in all areas. The installation of rockbolts has, in many
instances, resulted in the thin edge of the wedge associated with a cantilevered beam
breaking with an associated vertical fracture that runs roughly parallel to the rib.

Table 2-3 depicts the total vertical and horizontal convergence for the Panel 1 rooms
since their dates of excavation. As is illustrated in the table, total vertical convergence
is well over 2 feet in some areas of the panel and horizontal convergence is over

19 inches. Because ground control measures have little or no effect on the creep
process, convergence of this type will continue unabated until the openings are
completely closed. |

17




DOE/WIPP 97-2222

ANHYDRITE/CLAY SEAM -~ @ 2 -

= GRAVITY & CREEP RELATED R—
STRESES CAUSE BOWING AN
CLAY SEAM ———— OF BEAM —
7vvvvvvvvvvvvvvv‘vvvvv1 PVOVVUOVVITOOTTUS
vvvvvvvvvvvvvvvvvvvv ’vVVVVva'vvvvv

A AAA Al BAA LA AL B & J
00 _ ~ws————— HORIZONTAL FORCES Trr
PHASE 1 RS EN-ECHEL‘)N e

FRACTURING (vieTars i)
vV w A AL AL LA R4 A ]
LA v
AT BEGINS e LT T A TATATATATATAS
revVYVw VOOV OORIVULLTOVOR
A A A AR 'v vvvvvvvvvv’?‘.\, vvvvv
7evCVYw v a4 S
AAAAA EXCAVATED OPENING e S A ATATATA
v v v IR A AAAALARAREA
AT are 5

CLAY SEAM -:z" @

Y
vvvvvvvvvvvvvvvvvvvv =
roOVYISvEw —

v —_— v
AASH o v,
VVV' — CA S
PHASE 2 S EN-EctiEﬁgg -_— v T TR
L Hach < Siw  FRAGTUR R A A
Zeovwy A AR A B A AN A A N 4
vewwy CONTINU-ES PV VTV VOYVOY
A A A A4 vvvvvvvv'&'vvvv
yvewes ’ 'v‘v’vvv'vv "w vvvv'vvvg
zoveve A4
v EXCAVATED OPENING S O T O P
A AR A PAAAAAARAALA LA
A A AR A v Ao vew
A AL AARALALALS ‘A A AAAAALSL ] v
TV VVVY V'VV'VV'VVVV'V ~v v
TV VVVYVOTVVVYY VVVVV
KBTI

L : @

v e A
b4 A3
vew- AT ClLAY G o v
PHASE 3 =% FRACTURES ARE IRL L X
> CONNECTED BY STV YPOVVTUVIOT
YV TT Y
. DEVELDPMENT OF Lt SO
v LOW-ANGLE FRACTURE A A AL RS ANI AL LN
TR VOV v v c
SRS EXCAVATED OPENING A AR
revew FAAAAAAAAAA LA A
v \d v v \d hAS
£ A4 A\ AL AR ~ LA A A AAAd v b
A\ A AN L4 e v ° a8 J
’vvvvvvvvvvvvvvvvvvvvv -
v had -~

ANHYDRITE {CLAY SEA.M -~ -

—
CLAY SEA.M ‘I

LA RARAASAASA LSS
v vvvvvvvvvvvvvvvvvv

A A AR AL 24
A

XX
o'w  LOW ANGLE
PHASE 4 7 Spacrormc CONTINUES

UNTIL FRACTURE TERMINATES
AAALY AT CLAY SEAM

A

A A A AL

vvvvvv ?b\fvvvvc
vvovw

v v

revve

veves EXCAVATED OPENING ‘vYvTVVY

revve IVVVVVVVVVVVV(
(A A A4 AY veOv A4 v

LA A AL AR NS v VVVTTYY v
AAAALAAALLLL AL L AN AL A S LA A A A

Figure 2-3. Generalized Fracture Development Sequence

18




DOE/WIPP 97-2222

NEW PAST
EMPLACEMENTS EMPLACEMENTS

W} RESIN f
i1 ABOVE

RESIN TO

Figure 2-4. Roof Beam Offsetting and Related Boit Loading
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Figure 2-5. Typical Roof Beam Fracturing
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Table 2-3. Panel 1 — Total Vertical and Horizontal Closure

Total Horizontal Closure
Date of Excavation at Excavation VEE] U] G Ea Es as of Reporting
Room T Complsted to Final of Reporting Period™ Period™®
Dimensions (in) .
{in)
Room 1 June 1986 August 1986 31.66 19.05
Room 2 January 1987 March 1988 25.46 15.86
Room 3 February 1987 March 1988 27.24 18.83
Room 4 February 1988 March 1988 24.14 16.17
Room 5 February 1988 March 1988 23.32 16.70
Room 6 February 1988 May 1988 24.99 15.08
Room 7 March 1988 March 1988 25.32 1496

{a) Data taken from Geotachnical Analysis Report for July 1994 - June 1995 [U.S. Department of Energy, 1996].

Data indicate that the majority of Panel 1 excavations show an expansion rate of the
roof beam from the exposed surface to Anhydrite “b” to be fairly constant at about

0.5 inch per year. Roof beam expansion rates in more active areas of the panel have
ranged up to 1.8 inches per year. The more active areas have all had supplemental
ground support installed.

2.7 Support System Conditions
2.7.1 General

Excluding Panel 1, the ground support in most of the accessible areas underground
consists of mechanical-anchor rockbolts anchored above the first clay seam. Other
than bolts that have noticeably failed, it is difficult if not impossible to tell what condition
the remaining bolts are in. However, based on measured deformation and observed
offset since their installation date, it can be surmised that a significant number of the
mechanical-anchor rockbolts are probably in material yield, are experiencing anchor
slippage, or have failed. In the northernmost areas of the East-0 Drift and the East-140
Drift where rebolting with threaded-bar bolts and yielding cable bolts was performed,
the bolts are relatively new and should be in good condition.

2.7.2 Panel 1

Various support systems have been installed in Panel 1 over a several-year time span.
The types of systems and their installation dates are specified in Section 5.1 of this
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report. As in the other areas of the facility, it is difficult if not impossible to tell what
condition the in-place bolts are in. However, based on measured deformation and
observed offset since their installation date, a significant number of the mechanical-
anchor rockbolts installed in Rooms 1 through 6 are probably in material yield, are
experiencing anchor slippage, or have failed. Since the mechanical-anchor bolts
installed in Room 7, South-1600, and South-1950 do not penetrate the first clay seam,
they have not been exposed to the same degree of lateral and axial deformation as the
10-foot bolts. Because of this, they may be in relatively good condition.

With the exception of parts of Rooms 1 and 2, the entire panel has been rebolted or
bolting is in progress with resin-anchored, threaded-bar bolts. The condition of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>