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CHAPTER 1 

SUMMARIZED DISCUSSION OF DESIGN OBJECTIVES MP ACHIEVEMENTS 

by 

Paul F. Gnirk 
William H. Grams 
Arlo F. Fossum 
Thomas J. Zeller 

1.1. statement of Objectives 

The overall objective of the total project as regards the underground 

facilities for the alpha waste repository have been divided into three main 

study tasks, which are: 

(1) A preliminary Analysis of the Stability of a Mine Layout in 
Each of the Three Candidate Salt Horizons; 

(2) An Analysis and Evaluation of the Method and Equipment for 
Drilling Canister Emplacement Holes; 

(3) An Analysis and Evaluation of Various Methods for Excavating 
Storage Rooms, etc., and Transportation of Excavated Salt to 
the Hoist Facilities. 

These study tasks were delineated by a letter and attachments from Dr. 

William C. McClain to Dr. Paul F. Gnirk, dated January 17, 1975. Work on 

the tasks was initiated on March 3, 1975. 

The objective of this report is to summarize progress to date on the 

three study tasks. Detailed conclusions and recommendations will be presented 

in the final report to be prepared at the end of FY 1975. 

1.2. Suumary of Preliminary Achievements 

1.2.1. Repository Layout 

The size of the Alpha repository was found to be controlled by the 

canister emplacement. Five candidate repository layouts were designed and 

their sizes determined for four limiting cases of ten inch canisters, one 

or two canisters per emplacement hole, and 12 inch canisters, one or two 

canisters per emplacement hole. Camparisons of development, haulage, 
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ventways, and total tonnage were then made for the five designs for thy 

four limiting cases. 

1.2.2. Stability Analysis of Room and Pillar Geometry 

Tito typical room-and-pillar excavation models were examined with the 

use of: 

(1) a plane strain elastic Finite-Element analysis in which the mine 
opening was completely "mined out" in the sense that load 
redistribution did not occur due to plasticity or creep; 

(2) an analytical solution which explained the bending stresses 
in the roof. 

The models were considered to be isotropic and homogeneous, except at the 

2,100 foot horizon at which a ten foot thick anhydrtt layer was modeled 

in the roof. 

The results of the analysis showed that the maximum stress concentration 

factors occured at the roof-rib intersection, except at the 2,700 foot 

horizon, where the maximum occurred at the midpoint of the rib. The finite 

element analysis indicated further that the tensile stresses occurred in 

the center of the roof in the models at the 2r100 and 2,700 foot 

horizons without bed separation. It was found that in each model examined 

small regions existed where the factors of safety were less than one. The 

1,900 foot and 2,100 foot horizons had, for the most part, allowable stress 

states, whereas at the 2,700 foot horizon the factors of safety were much 

lower. 

The analytical solution for roof stability showed that the tensile 

bending stresses in a two foot thick roof exceeded the tensile strength at 

the upper surface of the roof "beam" near the ribt at the 1,900 and 2,700 

foot horizon the factors of safety were much lower. 

1.2.3. Drilling Equipment Analysis 

Large hole drilling in underground mines was found to be fairly uncommon. 
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A variety of surface equipment has been developed for large hole drilling, 

and it was found that some of this equipment could be modified to drill the 

canister emplacement holes. Fifteen major drill manufacturers have been 

contacted, with only four of these manufacturers having presented machinery 

which, in their opinion, would perform the drilling task. Two other manu-

facturers are still studying the task and have yet to establish if they 

have a machine which will be applicable. 

1.2.4. Excavation / Haulage Systems Analysis 

Equipment for the excavation/haulage systems will cone from "off-the-

shelf" items which are now in general use in mines throughout the United 

States. Both conventional and continuous mining systems are being studied 

for possible application in the repository. Manufacturers of continuous and 

conventional mining equipment have been contacted, with most manufacturers 

supplying information on equipment specifications. Possible combinations 

of equipment are being studied for optimization of mining methods. 

1.2.5. Safety Aspects 

The nature of the use of the repository, as opposed to a normal mining 

operation, presents an unusual safety probl em. Ventilation and escape 

ways are the primary safety considerations analyzed in this report. The 

different repository designs have unique safety features, which are discussed 

more on a qualitative than a quantitative level. Generally speaking, the 

more intricate layouts with panels interconnected by sub-main haulage ways 

ivould be considered the safest, because of the multiple escape routes and 

shorter distance to the surface access shafts. 
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CHAPTER 2 

GEOLOGICAL AND ROCK PROPERTIES ASPECTS OF THE REPOSITORY SITE 

by 

Paul F. Gnirk and Francis D. Hanson 

2.1. Geological Aspects of the Repository Site 

The candidate mining horizons for alpha repositories have been tentatively 

selected by personnel of ORNL at depths of 1,900, 2,100, and 2,700 feet in the 

massive salt formations underlying Eddy and Lea counties in New Mexico. 

Columnar sections from AEC Holes No. 7 and 8 at these depths are illustrated 

in Figure 2.1. In general, the salt at these depths is massive, with 

interbeds and stringers of shaly salt, shale, anhydrite, and polyhalite. 

At a depth of approximately 1,900 feet, there exists at least +_ 100 feet of 

massive salt, with interbeds and stringers of shaly salt, shale and polyhalite. 

Beds of massive anhydrite, with a thickness up to about 10 feet, are situated 

at depths of approximately 2,050 and 2,100 feet. Massive salt exists obove, 

in between, and below these anhydrite beds, with occasional stringers and 

interbeds of polyhalite, shale, and anhydrite. At a depth of 2,700 feet, 

including +_ 100 feet above and belowt the massive salt contains occassional 

stringers and interbeds of anhydrite. Below 2,900 feet, the structure 

contains alternating beds of salt and anhydrite with increasing thicknesses 

of the anhydrite beds with increasing depth. 

2.2. Rock properties of the Three Candidate Horizons 

Mechanical properties data for the site rock as obtained to date by 

means of unconfined compression and indirect tensile tests or drill core, 

is presented in Table 2.1 for a depth internal of 1,900 to 3,900 feet. The 

density data was obtained from compensated density logs for AEC Hole No. 

7 and 8. The rock property data is minimal at present, and scattered 

throughout the columnar sections. However, certain strength and elastic 
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moduli trends are indicated; viz.: 

(1) The compressive and tensilo strengths of rock unit incrvasvn 
with decreasing contained impuritiest e.g.: 

(a) Rock Salt,- w/Clays CQ 1,375 ps.t, T » 175 to 185 
psi (at a depth of 1,971 to 1,972 ft.) 

(h) Rock Salt, w/Minor Polyhalite: C0 = 2,300 psi, TQ =» 175 
to 185 psi (at a depth of 1,915 to 1,916 ft.) 

(c) Rock Salt: CQ = 3,050 psi, T = 250 psi (over depths 
of 2,706 to 2,796 ft.) 

(2) The compressive strength of Polyhalite is of the order of 5,000 
psi, and the tensile strength of the order of 500 psi (at a depth 
Of 2,362 to 2,363 ft.) 

/ 

(3) The compressive and tensile strengths of Anhydrite Rock and 
Anhydrite Rock, w/Halite range from 7,500 to 6,500 psi, and 
550 to 750 psi, respectively (at depths of 2,552 and 2,049 ft.) 

(4) The compressive and tensile strengths of Anhydrite Rock below 
2,957 ft. are of the order of 13,500 psi and 835 psi, respectively. 

In general, the modulus of elasticity for Rock Salt, with and without impuri-

ties, is of the order of 2,000,000 psi. However, Poissons' ratio appears 

to range from 0.28 to 0.48. The average modulus of elasticity for 

Anhydrite Rock is 10,000,000 psi, with an average Poisson's ratio of 0.36. 

Anhydrite Rock, w/Halite has a modulus of elasticity of the order of say 

7,000,000 psi, and a Poisson's ratio of 0.33. 
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Figure 2.1. Columnar Sections Through Candidate Horizons for Repository. 
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TABLE 2.1 S ^ 

Mechanical and Physical Properties of Rock Strata at Repository Site 

DEPTH CORE co *o E V P 
(ft.) HOLE MATERIAL (psi) (psi) (106psi) 

1,915 8 Rock Salt, w/Minor Polyhalite 2,475 2.09 
1,916 8 Rock Salt, w/Minor Polyhalite 175 2.09 
1,916 8 Rock Salt, w/Minor Polyhalite 185 2.09 
1,935 8 Rock Salt, w/Minor Polyhalite 2,200 1.72 0.4S 2.15 
1,971 7 Rock Salt, w/clay 1,375 2.09 
1,972 7 Rock Salt, w/clay 180 2.09 
1,972 7 Rock Salt, w/clay 175 2.09 

2,049 8 Anhydrite Rock, w/Halite 6,450 6.87 0.33 2.65 
2,049 8 Anhydrite Rock, w/Halite 755 2.65 

2,362 8 Polyhalite Rock 4,925 2.14 
2,363 8 Polyhalite Rock 400 2.14 
2,363 8 Polyhalite Rock 600 2.14 

2,552 8 Anhydrite Rock 560 2.72 
2,553 8 Anhydrite Rock 7,500 10.9 0.34 2.72 

2,706 7 Rock Salt 3,650 2.09 
2,706 7 Rock Salt 245 2.12 0.28 2.09 
2,720 7 Rock Salt 280 2.12 
2,720 8 Rock Salt 260 2.12 
2,741 8 Rock Salt 3,200 
2,742 8 Rock Salt 220 2.13 
2,742 8 Rock Salt 235 2.13 
2,796 8 Rock Salt 2,300 2.13 

& •> 



TABLE 2.1 S 

Continued 

DEPTH 
(ft.) 

CORE 
HOLE MATERIAL 

Co 
(psi) 

To 
(psi) 

E 
(10^psi) 

P 

2,957 
2.959 
2.960 

7 
7 
7 

Anhydrite Rock 
Anhydrite Rock 
Anhydrite 

945 
950 
951 

2.77 
2.60 
2.48 

3,007 
3,019 
3,019 

8 
8 
8 

Anhydrite Rock 
Anhydrite Rock 
Anhydrite 

13,925 

13,925 
780 

9.36 

9.89 

0.39 

0.35 

2.99 
2.60 
2.60 

3.339 
3.340 
3,338 

7 
7 
7 

Anhydrite Rock 
Anhydrite Rock 
Anhydrite Rock 

10,725 
565 
850 

8.17 0.35 2.94 
2.93 
2.93 

3,623 
3.623 
3.624 

7 
7 
7 

Anhydrite Rock 
Anhydrite Rock 
Anhydrite Rock 15,350 

695 
1,025 

12.7 0.39 

2.93 
2.93 
2.94 

3,$58 7 Anhydrite Rock 760 2.94 
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CHAPTER 3 

PRELIMINARY MINE LAYOUTS 

by 

William H. Grams, Thomas J. Zeller, and Paul F. Gnirk 

3.1. Introductory Remarks 

Five repository layouts are presently being considered. In particular, 

these layouts are designated as: 

(1) Linear 
(2) Bow Tie 
(3) Maltese Cross 
(4) Snowflake 

(5) Sash Window 

These name designations were selected on the basis of the geometrical 

resemblence of a given layout to a physical item of familiarity; e.g., the 

linear repository design is established along a straight line, while the 

overall shape of the snowflake design resembles a hexagonal snowflake. 

All repository layouts were developed on a building block principle, 

with the basic building block being the individaul room, as shown in Figure 

3.1. The typical room for the purpose of initial calculations has a length 

of 300 ft., a width of 30 ft., and a height of 16 ft. By employing a square 

pattern for the canister emplacement holes, with a distance of 3 ft. between 

the rib and the center line of the outer hole and 4 ft. between adjacent 

holes, a total of 74 rows of holes with seven holes per row is obtained. This 

gives a total of 518 holes per room. In addition to the emplacement area, 

a 20 ft. wide x 16 ft. -high x 20 ft. long entry to the main haulage wag and 

a 15 ft. wide x 16 ft. high x 15 ft. long connector to the ventilation 

drift are included as an integral part of a typical room. 

By use of the basic room dimensions, a typical panel layout is established. 

This panel then becomes the basic building block for all five repository 

layouts. This panel design is exemplified by Figure 3.2, and features a 
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Figure 3.1. Typical Room 
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Figure 3.2. Typical Panel Layout 
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pillar width of 70 ft. between adjacent roo,os. 

The main haulage way for the panel is a double heading of 20 ft. wide 

x 16 ft. high drifts, with 20 ft. wide by 16 ft. high crass cuts every 

100 ft. The headings are separated by a 50 ft. wide pillar. The rooms 

are arranged perpendicular to the main haulage and in line with the cross 

cuts. 

The extent of the panel is determined by the individual repository 

layout. Other controlling factors are the number of canisters to be 

stored and the number of canisters which can be deposited in each hole. 

The layouts shown in this interim report are not drawn strictly to scale. 

In addition, the various shaft locations are illustrated, but the shaft 

bottom design are not detailed. 
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j.2 Presentation and Discussion of Proposed Mine Layouts 

3.2.1. "Linear" Repository 

The least complicated repository design is the Linear layout. This 

layout is shown by Figure 3.3. The Linear design has a single panel which 

is connected directly to the shaft facility has a single panel which is 

connected directl'j to the shaft facility by one long main haulage way. 

Ventilation is provided by a single ventilation shaft, located at the end 

of this panel. 

The Linear repository can easily be increased in size by two procedures 

after production has been initiated. The first and simplest would be to 

increase the length of the rooms. The second would be to develop a second 

panel as a mirror image of the first; this would then be similar to the 

layout for the Bow Tie repository. 

3.2.2. "Bow Tie" Repository 

The Bow Tie, as shown by Figure 3.4., has two panels diametrically 

opposed about a centrally located shaft facility. Ventilation is provided 

by two ventilation shafts located at the ends of the panels which are 

furthermost from the central shaft facilities. In essence, the Bow Tie is 

the next extension of the Linear repository design with the second panel 

a mirror image of the first. 

In order to increase the size of the Bow Tie Repository, after pro-

duction has been initiated, the room length could be increased. The length 

of the second panel could be increased, if the panel were still under 

development. Also, two additional panels could be added at 90° to the 

original two. 

3.2.3. "Maltese Cross" Repository 

The Maltese Cross, as shown by Figure 3.5, has four panels connected 

by sul>-main haulage drifts into a main haulage way. These panels are situated 
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such that there are two opposing pairs of panels with the sub-main haulage 

drifts being in line. The main man-material-skip shaft is situated at 

one end of the main haulage, and the alpha waste :<r,<l canister hoisting 

shaft situated at the other end. Ventilation is provided by two ventilation 

shafts, with each shaft providing ventilation for the panels situated on 

either side of the main haulage. 

To increase the size of the Maltese Cross repository after production 

has been initiated, again, the room length could be increased. Also unde-

veloped panels could be increased in length. Additional panels can be 

added by extending the main haulage way in the direction away from the alpiia 

waste and canister hoisting shafts, adding as many panels as are economically 

feasible. 

3.2.4. "Snowflake" Repository 

The Snowflalte, as shown by Figure 3.6, is based on a hexagonal pattern, 

where five panels radiate outward from tha mzn-.naterial-skip shaft and the 

sixth portion is used to locate the alpha waste and canister hoist shafts. 

In addition to the main dual entry haulage ways, there is a hexagonal 

single heading which circumvents a central shaft in the shaft pillar. This 

heading would be used to provide a pathway for the waste emplacement, 

which is isolated from the salt haulage. A ventilation drift connecting 

the five panels at their apexes, with a single ventilation shaft midway 

between the first and second panel, provides the ventilation for the 

repository. 

To increase the extent of the Snowflake repository after production has 

been initiated, the room length can be increased. Additional panels can be 

developed in the four triangular areas between the five original panels. 

Additional panels could be developed in the area adjacent to the alp,ha 
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Figure 3.6. "Snowflake" Repository Layout 
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waste and canister hoisting facilities. Any undeveloped panel could he , 

increased in size by simply extending its overall length. 

3.2.5. "Sash Window" Repository 

The Sash Window layout is shown in Figure 3.7 and features four panels 

connected by sub-main haulage drifts to a main haulage drift. The main 

haulage way is continuous past the centralized shaft facilities. There are 

four panels on either side of the shaft, arranged such that the sub-main 

haulage drifts of the opposing panels are in line and perpendicular to 

the main haulage. There are two ventilation drifts parallel to the 

main haulage with a centralized ventilation .shaft on each ventilation 

drift. Thus, each ventilation shaft provides the ventilation for the 

four panels on its side of the main haulage. 

To increase the extent of the Sash Window repository after production 

has started, the length of the rooms can be increased. The length of any 

undeveloped panel can also be increased. Additional panels can be added 

by extending the main haulage way and adding as many panels as are 

economically feasible. 
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Figure 3.7. "Sash window" Repository Layout 
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3.3. Summary of Development, Total Excavation, arid Haulage Limits for 
Proposed Mine Layouts 

3.3.1. Development Limits 

The development required for any of the various repository designs 

is defined as that excavation, excluding shaft sinking, which is necessary 

to provide the first room for alpha waste and canister emplacement i.e., 

the minimum excavation required prior to the initiation of production in 

the sense of waste emplacement. There are two criteria which affect 

the amount of development for any particular design. The first criterion 

is the number of canisters which must be emplaced over the life of the 

facility. The difference in the total number of canisters is due to 

a variation in the diameters of the canisters, although the total amount 

of spent fuel cladding remains a constant. The second criterion is 

the number of canisters which can be emplaced in a given hole. With 

close packing, the alpha waste packages will fit into the smallest 

repository; hence, they do not become the limiting criterion for the 

size of the repository. 

The following discussion of the development will cover these cases: 

(1) Ten inch canisters: one canister per hole. 
(2) Twelve inch canisters: one canister per hole. 
(3) Ten inch canisters: two canisters per hole. 

(4) Twelve inch canisters: two canisters per hole. 

The first case, ten inch canisters with one canister per hole, gives 

the upper limit of the repository, and the last case, twelve inch 

canisters with two canisters per hole, gives the lower limit. 

The development excavation was determined by calculating the linear 

feet of haulage heading, ventway, and a single room. These workings were 

then converted to the tonnages mined, using 135 pounds per cubic foot 

as the density of the material. Once these computations were completed, 

a percent of the total excavation for development was determined. 
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The development portions of the various repository designs, as 

opposed to the production excavations, are shown as the shaded regions 

in Figures 3.8., 3.9., 3.10., 3.11., and 3.12. These figures show the 

total extent of each repository layout, and relationship of the layout 

to the required development. Normal development would involve first 

sinking the production shaft, and then driving the development headings. 

During the development, one of the shafts, probably the alpha hoisting 

shaft, would lye used as an upcast ventilation shaft. The double entry 

haulage drifts and breakthroughs at appropriate distances would provide 

adequate ventilation during development. Once a connection to the 

main ventilation shaft is made, temporary ventilation facilities at 

the development shaft can be removed and the primary ventilation 

used. No further ventilation facilities need be used in the linear 

repository, but additional, underground ventilation will be needed to 

open up the other panels in the remaining four repoisitory designs. 

To enable a comparison of the development of the various repository 

designs, the following parameters were calculated: 

(1) Linear feet of development haulage. 
(2) Linear feet of ventway. 
(3) Total development tonnage. 

(4) Percent of total excavation for development. 

These parameters were calculated for the four limiting cases of canister 

size and number of canisters emplaced per large hole. Tables 3.1, 3.2, 

3.3, and 3.4 show the results of these calculations. 

Figure 3.13 relates the development haulage ways for the four limiting 

cases for all repository designs. In all cases, the haulage way is longest 

for the limiting case of ten inch canisters, one canister per hole. The 

emplacement of twelve inch canisters, two canisters per hole, provided the 

shortest haulage development in all repository designs. The upper limit in 



Figure 3.8. "Linear" Development (Shaded/ 
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Figure 3.9. "Bow Tie" Development (Shaded) 
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Table 3.1. Development Excavation Parameters for the Various Repository 
Designs for 10 inch Canisters with One Canister Per Emplacement 
Hole. 

LAYOUT HAULAGEWAY VEN'TWAY TOTAL TONS % OF TOTAL EXCAVATION 

Linear 30,500 ft. 1,100 ft. 687,182 16 

Bow Tie 17,475 ft. 1,150 ft. 406,652 9 

Maltese 
Cross 14,900 ft. 1,200 ft. 351,842 9 

Snowflakt 12,400 ft. 2,650 ft. 321,332 7 

Sash Window 11,950 ft. 2,900 ft. 315,662 7 

Table 3.2. Development Excavation Parameters for the Various Repository 
Designs for 12 inch Canisters with One Canister Per Emplacement 
Hole. 

LAYOUT HAULAGEWAY VENTWAY TOTAL TONS % OF TOTAL EXCAVATION 

Linear 22,500 ft. 1,100 ft. 514,382 17 

Bow Tie 13,475 ft. 1,150 ft. 320,252 10 

Maltese 
Cross 12,900 ft. 1,200 ft. 308,642 10 

Snowflake 10,800 ft. 2,275 ft. 280,697 8 

Sash Window 10,950 ft. 2,900 ft. 294,062 8 
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Table 3.3. Development Excavation Parameters for the Various Repository 
Designs for 10 inch Canisters with Two Canisters Per Emplacement 
Hole. 

LAYOUT HAULAGEWAY VENTWAY TOTAL TONS % OF TOTAL EXCAVATION 

Linear 10,500 ft. 1,100 ft. 384,782 18 

Bow Tie 10,475 ft. 1,150 ft. 255,452 11 

Maltese Cross 11,500 ft. 1,200 ft. 278,402 12 

Snowflake 9,600 ft. 1,950 ft. 249,512 10 

Sash Window 9,950 ft. 1,900 ft. 256,262 10 

Table 3.4. Development Excavation Parameters for the Various Repository 
Designs for 12 inch Canisters With Two Canisters Per Emplacement 
Hole. 

LAYOUT HAUIJIGEWAY VENTWAY TOTAL TONS X OF TOTAL EXCAVATION 

Linear 12,500 ft. 1,100 ft. 298,382 19 

Bow Tie 8,475 ft. 1,150 ft. 212,252 13 

Maltese Cross 10,500 ft. 1,200 ft. 256,802 15 

Snowflake 8,800 ft. 1,725 ft. 228,587 12 

Sash Window 8,950 ft. 1,900 ft. 234,662 13 
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development haulage was found to be the Linear repository, while the Bow Tie 

repository had the shortest possible development. 

The lineal feet of ventway for development is shown in Figure 3.14. 

It is interesting to note that the amount of development ventway for the 

Linear, Bow Tie, and Maltese Cross designs are all approximately the same, 

and do not vary for the four limiting oases of canister size and number 

of canisters per emplacement holes. The Sash Window repository has the 

longest possible ventilation development, while the Snowflake repository 

is a very close second. 

The total tonnage is probably the single most important parameter 

for development. This is graphically illustrated by Figure 3.15. The 

total tonnage is consistently largest in all repository designs for 

ten inch canisters, one canister per hole, with the lower limit being 

the twelve inch canisters, two canisters per hole. The upper limit 

for development is the Linear repository, while the smallest total 

development tonnage is the Bow Tie. Figure 3.15 shows that the 

development tonnage for the Linear repository is comparatively the 

largest, while the other four designs are approximately equal. 

The percentage of development tonnage as compared to the total 

repository excavation is shown in Figure 3.16. When comparing these 

percentages to the total development tonnage, in general, one sees 

that the cases which have the largest development tonnage have the 

smallest total repository excavation tonnage. The Linear repository 

has the largest percentage of excavation for development, while the 

Sash Window repository has the smallest, with the Sash Window and 

Snowflake repositories being almost identical. 

3.3.2. Excavation Limits 

To compare the various repository designs, the following parameters 
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were considered: 

(1) Average room haulage 
(2) Average foot-tons 
(3) Ventway 
(4) Ilaulageway 
(5) Total tons 

(6) Average tons/day 

The average room haulage was computed by finding the center of each panel 

and computing the distance from this center to the main shaft. This 

distance plus half the length of a typical room averaged for all the 

panels gives a close approximation of the average room haulage, The 

average foot tons was computed for the rooms only, by calculating the 

total tonnage for the rooms and multiplying this by the average room 

haulage. The ventway is simply the total linear feet of ventilation 

drifts in the repository. Likewise, the haulageway is the total linear 

feet of main and sub-main haulageways in the repository. The total 

tonnage is the tons of material for excavation of rooms, haulage 

drifts and ventilation drifts. Given a twenty year mine life and 

250 working days per year, the average tons per day is calculated 

directly from the total tons. 

Tables 3.5, 3.6, 3.7, and 3.8 enumerate these parameters for 

the following four cases: 

(1) 10 in. canisters, 1 canister per hole (2) 12 in. canisters, 1 canister per hole 
(3) 10 in. canisters, 2 canisters per hole 

(4) 12 in. canisters, 2 canisters per hole 

The calculations show the same trends for the above four cases as was 

found in the development sequence. 

The average room haulage will give a reasonable comparison of 

overall haulage costs for the various repository layouts. Figure 3.17 

shows the various average room haulage distances for any particular 

repository layout for the four canister size-canisters per hole study 



(RSI-0024) 

Table 3.5. Total Repository Excavation Parameters for the Various Repository Designs 
for 10 inch Canisters with One Canister Per Emplacement Hole. 

LAYOUT AVG ROOM 
HAULAGE 

AVG. 
FT-TONS 

VENTWAY HAULAGEWAY TOTAL 
TONS 

AVG TONS/ 
DAY 

Linear 7,715 ft. 2.2 8x10W 29,400 ft. 37,600 ft. 4.25X106 849.2 

Bow Tie 4,400 ft. 1.31xlOW 30,800 ft. 39,760 ft. 4.32xl06 863.0 

Maltese Cross 3,965 ft. 1.17xl010 16,600 ft. 41,750 ft. 4.13xl06 825.6 

Snowflake 2,465 ft. 7.29xl09 45,400 ft. 43,475 ft. 4.63x106 926.4 

Sash Window 2,965 ft. 9.02xl09 41,600 ft. 52,700 ft. 4.85xl06 970.8 

Table 3.6. Total Repository Excavation Parameters for the Various Repository Designs 
for 12 inch Canisters with One Canister Per Emplacement Hole. 

LAYOUT AVG ROOM 
HAULAGE 

AVG. 
FT-TONS 

VENTWAY HAULAGEWAY TOTAL 
TONS 

AVG TONS/ 
DAY 

Linear 5,715 ft. 1.21X1010 21,400 ft. 27,600 ft. 3.06xl06 611.1 

Bow Tie 3,440 ft. 7. 26xl09 22,800 ft. 29,760 ft. 3.12xl06 624.9 

Maltese Cross 3,465 ft. 7.32xl09 12,600 ft. 33,750 ft. 3.05xl06 609.1 

Snowflake 2,065 ft. 4. 36xl09 34,400 ft. 35,475 ft. 3.44xl06 687.2 

Sash Window 2,715 ft. 5.96xl09 33,600 ft. 42,700 ft. 3.66xl06 732.7 
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Table 3.7. Total Repository Excavation Parameters for the Various Repository Designs 
for 10 inch Canisters with Two Canisters Per Emplacement Hole. 

LAYOUT AVG ROOM 
HAULAGE 

AVG. 
FT-TONS 

VENTWAY HAULAGEWAY TOTAL 
TONS 

AVG TONS/ 
DAY 

Linear 4,215 ft. 6.23x109 15,400 ft. 20,100 ft. 2.16X106 432.5 

Bow Tie 2,690 ft. 3.98xl07 16,800 ft. 22,260 ft, 2.23xl06 446.3 

Maltese Cross 3,115 ft. 4.74xl09 9,800 ft. 28,150 ft. 2.29xl06 457.6 

Snowflake 1,765 ft. 2.61xl09 25,800 ft. 29,475 ft. 2.53xl06 496.9 

Sash Window 2,315 ft. 3.42xl09 22,000 ft. 27,900 ft. 2.48x106 496.9 

Table 3.8. Total Repository Excavation Parameters for the Various Repository Designs 
for 12 inch Canisters with Two Canisters Per Emplacement Hole. 

LAYOUT AVG ROOM 
HAULAGE 

AVG. 
FT-TONS 

VENTWAY HAULAGEWAY TOTAL 
TONS 

AVG TONS/ 
DAY 

Linear 3,215 ft. 3.40x109 11,400 ft. 15,100 ft. 1.53xl06 306.6 

Bow Tie 2,190 ft. 2.31xl09 12,800 ft. 17,260 ft. 1.64X106 327.3 

Maltese Cross 2,615 ft. 3.15xl09 7,800 ft. 24,750 ft. 1.76xl06 351.9 

Snowflake 1,565 ft. 1.65.109 20,000 ft. 25,475 ft. 1.93xl06 386.1 

Sash Window 2,065 ft. 2.18xl09 18,000 ft. 22,900 ft. 1.84xl06 368.5 
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cases. The Linear repository has the longest haulage distance for 

all cases and the Snowflake repository has the smallest. The Sash 

Window repository appears only slightly worse than the Snowflake 

repository as regards overall room haulage. 

The result of the foot-tonnage calculation for the haulage of the 

salt removed from the rooms is very similar to the average room haulage 

distances. The largest value for the foot-tons figure was again the 

Linear repository, and the smallest was the Snowflake repository. 

The reason that the Snowflake repository is the best as regards 

haulage is that all five panels are equal distance from the shaft facilities. 

Ventilation drifts and haulageways, along with the emplacement 

rooms, comprise the total excavation used in these calculations. The 

Snowflake repository has the largest amount of ventways, with the smallest 

amount of ventways being in the Maltese Cross repository. The Linear 

repository has the next smallest amount of ventways, and is very similar 

to the Maltese Cross repository. The Sash Window repository has the 

largest amount of haulage-ways, while the smallest amount of haulageways 

occurs in the Linear repository, even though it has the largest foot-ton 

figure. 

The total tonnage, not including the amount of salt removed by the 

large hole drilling, for the various repository designs is shown in Figure 

3.18. The total tonnage for all repositories is very similar, with the 

variation between the largest and smallest for any canister, size-canister 

per hole case being about 17 percent. The range of tonnage per day is 

from a high of 970 tons per day for the Sash Window repository with 10 

inch canisters, one canister per hole to a low of 307 tons per day for 

the Linear repository with 12 inch Canisters, 2 canisters per hole. 
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3.4. Generalized Ventilation and Safety Requirements 

3.4.1. Discussion of Safety Requirements 

The safety requirements discussed here are those pertaining to 

availability of access to safety shafts and escapeways if an area of the 

mine is contaminated by radioactive material. The only radioactive 

material which could be considered dangerous would be the canisters 

of spent fule cladding. The boxes of alpha waste are of low enough 

energy to be relatively harmless should a box be broken or accidently 

spilled. In all repository designs, the alpha waste Shaft and canister 

hoisting shaft have upcase ventilation, whereby any contamination in the 

shafts or at the shaft station would be carried away from the hulli of 

the repository to the surface. Ventilation of the repositories has flow 

patterns going down the main shaft, out the main haulage, through the rooms, 

and into a ventilation drift whereby it goes up the main ventilation shaft 

to the surface. Since repository production mining, as opposed to development 

mining, would proceed from the furtherest extent fo a panel toward the 

main shaft, the alpha waste material and canisters would be emplaced at the 

same far ends of the panel first and progress toward the main shaft. 

When the waste emplacement is completed in a room, the room would 

be sealed with permanent stoppings. This would create a dead aire 

condition in the room, thus containing any airborne radioactive material 

in this room. If a mishap occurred in a room while waste material 

was being emplaced, the ventilation path would take any airborne contaminates 

away from the main haulage into the ventilation drift. Thus any unsafe 

room would be essentially remote from any active mining and down stream 

of the major work force. 

One other safety consideration is the escapewags and distances 

to the emergency shafts. These shafts are the main shaft, alpha waste 
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shaft, and the wain ventilation shaft. It may be necessary to provide 

auxiliary hoisting facilities for safety considerations. 

3.4.2. Linear Repository Ventilation 

Figure 3.19 shows the ventilation path for the Linear repository. 

This repository design is the simplest, with a single ventilation shafts, 

one for each panel. Safety wise, this repository would be safer than 

the Linear repository because the distances to the safety shafts would 

be approximately halved and there would be one more safety shaft. 

3.4.3. Bow Tie Repository Ventilation 

Figure 3.20 shows the ventilation path for the Bow Tie repository. 

The ventilation for this repository is controlled by two ventilation 

shafts, one for each panel. Safety wise, this repository would be 

safer than the Linear repository because the distances to the safety 

shafts would be approximately halved and there would be one more 

safety shaft. 

3.4.4. Maltese Cross Repository Ventilation 

Ventilation directions for the Maltese Cross repository are shown 

by Figure 3.21. The ventilation flow pattern is again down the main 

shaft, along the main haulage, through the rooms, into the ventilation 

drift, and up the ventilation shaft. The repository is divided into 

two ventilation sections each with its own ventilation shaft. Thus any 

malfunction of a main ventilation vent would not necessarily require 

the repository be shut down. The distances to the safety shafts are 

relatively short with possibilities of multiple escape paths to the 

emergency shafts. Additional safety is provided by the remote location 

of the alpha waste and canister hoisting shafts. 

3.4.5. Snowflake Repository Ventilation 

Ventilation for the Snowflake repository is shown by Figure 3.22. 
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The ventilation is controlled by a single ventilation shaft, but more 

ventilation shafts cna be sunk if the need arises. Ventilation drifts 

are the longest of any of the repository designs. This design is probably 

the safest due to the close proximity of all panels to the main shaft, and 

the relative isolation of the alpha waste hoisting shafts. The hexagonal 

access drift around the shaft pillar provides an additional safety benefit 

by allowing the waste haulage to bypass the main shaft facilities. Multiple 

escape paths are also present, although they may be extremely long is 

escape is accomplished through the ventilation drifts. 

3.4.6. Sash Window Repository Ventilation 

Ventilation for the Sash Window repository is shown by Figure 3.23. 

Two ventilation shafts divide the ventilation equally. Ventilation 

of the Sash Window repository is similar to that of the Maltese Cross 

repository. Safety considerations for this repository are almost as good 

as the Snowflake repository. The Snowflake repository is better only 

because of the isolation of waste haulage and the isolation of waste 

hoisting facilities. 
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Figure 3.22. "Sash W i n d o w " Ventilation Directions 



(RSI-0024) 

Figure 3.23. "Sash Window" Ventilation Directions 
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CHAPTER 4 

BASIC REQUIREMENTS FOR THE USAGE OF THE REPOSITORY 

by 

William H. Grams and Thomas J. Zeller 

4.1. Relationship Between Alpha Waste Delivery, Emplacement, and Salt 
Extraction Rates 

An evaluation of the relationships between the alpha waste delivery, 

emplacement, and salt extraction was made for the five mine layouts for the 

purpose of determining upper and lower limits. The lower limit was found to 

be the Linear repository layout (twelve inch canisters, one canister per 

emplacement hole), and the upper limit was the Sash Window repository layout 

( ten inch canisters, one canisters per emplacement hole). To enable a 

comparison between mining and waste emplacement, the total tonnage for the 

repository is divided by the total number of canisters. This figure, the 

average tonnage per canister, when accumulated over the life of the repository 

gives the amount of material excavation needed at any given time to permanently 

store the canisters. 

Figure 4.1 graphically illustrates the relationship of canister 

emplacement rate to the mining rate for the Sash Window repository layout 

for ten inch canisters, one canister per emplacement hole. Repository 

life is assumed to start at year 1983 and end at year 2003. Therefore, year 

zero would correspond to 1983. The Sash Window repository requires a total 

excavation of 4.85 x 10^ tons, which gives a linear mining rate of 970 tons 

per day, it takes slightly over one year to develop the mine to a state where 

the first canisters can be emplaced. The canisters available still out 

number the rooms available until about year 2.5. After this, the mining 

rate is substantially ahead of the canister arrival until year 20 at which 

time the mining is equal to the canister arrival. 
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a—o—o—o Wine Excavation Rate of 970 Tons/Day 

o—•—•—" Excavation Requirements for Canister Emplacement 

Figure 4.1 Mining Rate as Regards Canister Emplacement Rate - Upper Limit -
Sash Window Repository-10 in. Canisters, 1 Canister Per Hole. 
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The canister arrival rate may be accelerated. Therefore, a 

possibility of expanding the repository exists and a large excavation 

rate could be considered. The steeper straight line on the graph 

is the accumulated tonnage mined at a rate of 2,155 tons per day, 

which is the excavation rate needed to stay abreast of the canister 

arrival at the year 20. At the accelerated extraction rate, the 

development is completed in six months, and space is created for the 

existing canisters by end of year one. The total mining necessary 

for the emplacement of all the alpha waste to year 20 is completed by 

year 9. 

Figure 4.2 graphically illustrates the relationship of canister 

emplacement to mining rates for the Linear repository layout for 12 inch 

canisters, two canisters per emplacement hole. This graph is set up in the 

same format as Figure 4.1. The Linear repository requires 1.53 X 10& tons 

of salt to be excavated in order to provide the amount of room necessary to 

emplace the anticipated amount of alpha waste. Over the twenty year life, this 

would give a straight line extraction rate of 306 tons per day. The develop-

ment would be completed in slightly more than four years, and the mining 

catches up to the canister arrival between the 6th and 7th year. After that 

point, the mining is substantially ahead of canister arrival until year 20, 

at which time they become equal. The steeper line represents the straight-

line mining rate equal to the canister arrival emplacement rate at year 20. 

If this accelerated rate is used, the development would be completed in slightly 

over two years and the mining could surpass the canister arrival before the third 

year. Enough rooms would be provided by year nine to store all the alpha 

waste arriving through year 20. 
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YEAR 

Tons/Day 

Tons/Day 
Canister Emplacement 

»—«—o—o Mine Excavation Rate of 679 

»—<»—o—° Mine Excavation Rate of 306 

p—•—•—• Excavation Requirements for 

Figure 4. 2 Mining Rate as Regards Canister Emplacement Rate - Lower 
Limit, Linear Repository - 12 in. Canisters, 2 Canisters 
Per Hole. 
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4.2o Sequence and Rate of Panel Development 

The five repositories are constructed on the building block principle 

with the room being the basic building block. The rooms are arranged 

to form a panel which is typical to all the repository designs. The 

difference between the panels for the various repositories is in the length 

or the number of rooms in each panel. In all cases a panel is developed 

from the far end toward the main shaft. Figure 4.3 illustrates the 

sequence of mining operation in a general sense, as the type of equipment 

used determines the actual sequence. For instance, continuous mining would 

probably be done as shown, but any cyclic method, i.e. drill-blast-muck 

and finally bolt, would require several rooms being developed simultaneously. 

In other words, a drill jumbo would be preparing the face in one room for 

blasting, the roof bolting jumbo would be securing the roof in another room, 

explosives would be loaded in another room, and finally mucking would be in 

progress for still another room. Thus the number of rooms being prepared 

for the large hole drills in any given time would vary as to the type and 

amount of equipment being used. 

The sequence of panel development is scheduled such that the stresses 

and deformation in the shaft pillar are balanced. There is no induced 

caving as is found in normal room and pillar mining where the pillars are 

robbed. Therefore, the effect of mining on the shaft should be slight. 

To further illustrate the panel development, Figures 4.4, 4.5, 4.6, 

4.7, and 4.8 define the order of panel development for the five repository 

designs. 

The length of time to develop the panels is a function of the number 

of panels and the number of rooms per panel for each repository design. 

The longest panel development time would be for the linear repository. 

As there is only one panel, the development for this would be slightly less 
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than 20 years. The Sash Window repository has eight panels/ therefore, 

panel development would progress at the rate of 2.5 years per panel. 
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Figure 4.3 ' Generalized Panel Mining Sequence 
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Figure 4.4 Maltese Cross Repository Panel Development Sequence 
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Figure 4.7 Sash Window Repository Panel Development Sequence 
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Figure 4.8 Snowflake Repository Panel Development Sequence 



(RSI-23) 2 7 

CHAPTER 5 

PRELIMINARY STABILITY ANALYSIS OF EXCAVATION GEOMETRIES 

by 

Arlo F. Fossum, Joe L. Ratigan, and William G. Parlseau 

5.1 Introduction 

Stability analysis of the underground alpha waste repository opening 

excavation geometries to date has been two-fold, vizs 

(1) Elastic Finite-Element analysis of two typical room-and-
pillar configurations at each of the three candidate mining 
horizons, employing the rock properties data discussed in 
Chapter 2; 

(2) Analytical formulation and subsequent evaluation of applicable 
mechanics equations for roof stability in ~oom-and-pillar 
excavations. 

The Finite-Element models mentioned in (1) above were developed through 

the use of the computer program RSI/PILMESH which has the capability of 

rapidly developing Finite-Element meshes for room-and-pillar excavc';ions for 

single or multiple mining horizons. Models generated by the program will 

reflect any stratigraphic sequence desired. However? for purposes of 

this preliminary report, all models generated were isotropic and homogeneous, 

with the exception of the models located in the 2100 foot horizon. At this 

particular horizon, the ten foot thick anhydrite layer was modeled in the 

roof of the room. The results of the Finite-Element Analysis are presented 

in greater detail in Section 5.2. 

In an effort to better understand the stress states present in the roofs 

of room-and-pillar excavations, an analytical fonmilation of bending(flexural) 

and shear stresses for a beam on discrete elastic foundations (pillars) has 

been developed. The formulation has the capability of analyzing situations 

of variable pillar size (width and height), room width, and modulus' of 

elasticity (roof and pillar moduli may vary independently). The solution 

is a state-of-the-art level analysis in the field of "Beams on Elastic 
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Foundations" and is presented in more detail in Section 5.4. 

5.2. Elastic Finite-Element Analysis of Typical Room-and-Pillar Configurations 

As was previously stated in the introduction, two typical room-and-

pillar excavation models were examined in each of the three candidate mining 

horizons. It should be noted that the present analysis has been limited to 

plane strain elastic Finite-Element solutions of mine openings fully "mined 
t 

out." Thus, the results do not reflect reorientation of stress states 

ocurring during mining operations, load redistribution due to plasticity, 

or creep. The models examined were homogeneous and isotropic with the 

exception of those in the 2100 foot mining horizon. The models in this 

horizon inherently contained a ten foot anhydrite roof. 

In order to reduce the localized effects of modeling overburden loads 

on the stress states around the opening, each of the Finite-Element models 

were extended a distance of approximately five times the room height below 

the room floor before "fixing" the model, and above the roof of the opening 

before emplacing nodal point loads. The models analyzed contained 496 elements 

and 288 nodes. 

At each mining horizon, two particular excavation geometries were 

examined, viz: 

(1) A rooin-and-pillar configuration with pillar width, room width, and room height equal to 60 feet, 22 feet and 16 feet, respectively. 

(2) A room-and~pillar configuration with pillar width, room width, 

and room height equal to 70 feet, 30 feet and 16 feet, respectively. 

The configurations result in extraction ratios of 26.8% and 30%, 

respectively, neglecting crosscuts. The particular room widths employed 

enable emplacement of five or seven waste canister holes, respectively. 

For the purposes of preliminary analysis the pillar width was increased 

from 60 feet to 70 feet when the room width was extended from 22 feet to 

30 feet, in order to vary extraction ratio only slightly. 
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5.2.1. Stress Concentrations 

Stress concentration factors at four discrete locations in each of the 

six models examined are presented in Tables 5.1 through 5.3. The four 

aforementioned locations are the geometric center of the pillar, the 

midpoint of the rib, the roof centerline, and the roof-rib intersection. The 

location identified as the midpoint of the rib is located five inches back 

from the plane of the rib. The roof-rib intersection location is horizontally 

positioned on the plane of the rib and vertically five inches above the 

plane of the roof. The centerline of the roof is also located five inches 

above the plane of the roof. 

For the purposes of this report, a stress concentration factor is defined 

•as the ratio of the post-mining stress to the pre-mining stress. The pre-

mining stress is calculated from overburden loading and the post-mining stress 

is extracted from the Finite-Element results. A negative stress concentration 

factor is indicative of the presence of tensile stress. From observation of 

the tabulated stress concentration factors, one can observe that tensile 

stress is present in the center of the roof of the models at the 2100 and 2700 

foot horizons. Maximum stress concentration factors occur at the roof-rib 

intersection with the exception of the models at the 2700 foot horizon, where 

the maximum occurs at the midpoint of the rib. 
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TABLE 5.1 

Summary of Stress Concentration Factors for an Underground! Room-and-Pillar 
Configuration Located in the 1900 Foot Horizon 

Geometrical 
Location 

W„ = 22Ft.; Wp - 60Ft. WR =» 30Ft.; Wp = 70Ft. Geometrical 
Location Vertical (Sy) Horizontal (Sx) Vertical (Sy) Horizontal (Sx) 

Geometric 
Center of the 
Pillar 

1.002 0.774 0.986 0.829 

Midpoint of 
the Rib 1.209 0.077 1.385 0.123 

Roof-Rib 
Corner 1.441 1.290 1.505 1.329 

Midpoint of 
Roof Span 0.076 0.625 0.091 0.538 

TABLE 5.2 

Summary of Stress Concentration Factors for an Underground Room-and-Pillar 
Configuration Located in the 2100 Foot Horizon 

• 

Geometrical 
Location 

WR = 22Ft.; Wp = 60Ft. WR = 30Ft.; Wp = fOFt. • 

Geometrical 
Location 

Vertical (Sy) j Horizontal (Sx) Vertical (Sy) Horizontal (Sx) 

Geometric 
Center of the 
Pillar 

I 

1.001 0.882 0.971 0.944 

| Midpoint of 
the Rib 1.094 0.059 1.278 0.103 

1 , .. Rooi-Rio 
Corner 1.400 2.514 1.529 2.888 

Midpoint of 
Roof Span 0.062 -0.256 0.065 -1.009 

Note.' (1) Negative Stress Concentration Factors indicate tensile stress states. 
(2) Stress Concentrations are defined as the ratio of post-mining stress 

to pre-mining stress. 
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TABLE 5.1 

Summary of Stress Concentration Factors for an Underground Room-and-Pillar 
Configuration Located in the 2700 Foot Horizon 

Geometrical 
Location 

Wp = 22Ft.; Wp = 60Ft. 1VR - 30Ft.; Wp - 70Ft. Geometrical 
Location Vertical (Sy) Horizontal (Sx) Vertical (Sy) Horizontal, (sx; 

Geometric 
Center of the 
Pillar 

0.986 1.000 0.997 1.093 

Midpoint of 
the Rib 1.431 0.127 1.614 0.164 

Roof-Rib 
Corner 1.280 1.140 1.370 1.254 

Midpoint of 
Roof Span 0.032 -0.095 0.036 -0.281 

Notet (1) Negative Stress Concentration Factors indicate tensile stress states. 

(2) Stress Concentrations are defined as the ratio of post-mining stress 
to pre-mining stress. 
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5.2.2. Factors of Safety 

Contour plots or maps of the factors of safety occuring in the 

Finite-Element models are presented in Figures 5.1 through 5.6. The factors 

of safety are based on a linear llohr-Coulomb criteria. In each model 

examined, finite regions possessing factors of safety less than or equal to 

one are present. Thus, the elastic solutions in these regions are not 

totally accurate if the linear Mohr-Coulomb criteria is assumed. 

In the 1900 foot and 2100 foot horizons, the factors of safety indicate 

allowable stress states for the most part. However, in the 2700 foot 

horizon, the factors are considerably lower. 

The presence of the anhydrite roof in the models located at the 2100 

foot horizon is quite noticable in the contour plots. In fact, if the roof 

at this horizon were modeled with the same material properties possessed 

by the pillar, the contours would be quite similar to those in the 1900 

foot horizon. 
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Figure S.l Factor of Safety Contours for a Typical Room and Pill 
Configuration with Roof Level Located at 1900 feet. 
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Figure 5.2 Factor of Safety Contours for a Typical Room and Pillar 
Configuration with Roof I>evel Located at 1900 feet. 
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Figure 5.3 Factor of Safety Contours for a Typical Room and Pillar 
Configuration with Roof Level Located at 2100 feet. (Notes 10 feet of 
anhydrite is modeled in the roof). ' 
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Figure 5.4 Factor of Safety Contours for a Typical Room and Pillar 
Configuration with Roof Level Located at 2100 feet. (Notes 10 feet 
of anhydrite is modeled in the roof.) 
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Figure 5.5 Factor of Safety Contours for a Typical Room and Pillar 
Configuration vith Roof Level Located at 2700 feet. 
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Figure 5.6 Factor of Safety Contours for a Typical Room and Pillar 
Configuration with Roof Level Located at 2700 feet. 
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5.3. Future Finite-Element Analysis 

As stated previously, Finite-Element Analysis to date on the preliminary 

Alpha Repository excavation geometries has been an elastic analysis on fully 

"mined-out" geometries, neglecting the presence of canister emplacement holes. 

Future modeling will include analysis of the room-and-pillar configurations 

with the canister holes modeled "macroscopically" with, say, reduced moduli 

to determine the effect of the presence of the holes upon pillar stability. 

The canister holes will also be modeled "microscopically" in order to 

understand local material behavior. 

The methods of analysis will include further elastic solutions, visco-

elastic, and elastic-plastic. In addition to Finite-Element Analysis, analy-

tical solutions will be employed whenever applicable. 

5.4. Analysis of Roof Stability Using an Analytical Solution 

The roof analysis presented herein is for the immediate roof, i.e., 

for a single lamina spanning the width of the room such that it may be 

considered as a beam acted upon by gravity. The ends of the beam are elastically 

clamped over the pillars by the overlying rock. It is assumed that the 

thickness of the beam is uniform and that the rock can be considered as linear 

elastic. For the present, it will be assumed that no end forces act axially 

on the beam. Deformations will be permitted in the pillars on which the beam 

is clamped, i.e. the beam is clamped on an elastic foundation. The usual 

practice in the design of roofs is based on a beam rigidly clamped to the 

pillar. The arguement frequently given to support this procedure is that the 

tensile and compressive stresses occuring at the edge of the pillars will 

be a maximum and hence the procedure will be a conservative one. It should 

be noted however, that when the beam is elastically clamped to the pillar, 

the possibility exists that the maximum values of tensile and/or compressive 

stress will occur at locations in the beam other than at the edges of the 
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pillars. Ic is possible, if only theoretically, that certain geometries of 

room and pillar widths, beam thickness, material properties, etc. will give _ 

negligible bending stress at the edges of the pillars. For example, the 

maximum bending stresses may occur at a point in the beam corresponding to 

the center of the pillar. 

5.4.1. Formulation of the Solution 

The configuration for which an analytical solution is sought consists of 

a sequence of regularly spaced rooms and pillars for which the immediate 

roof is formed by a single lamina loaded by its own weight over the width of 

the rooms and by the overburden over the width of the pillars. In general 

the pillar width is assumed different than the room width. The additional 

assumption is made that the length-to-span ratio of the room is sufficiently 

large to consider the roof as a beam. Since interest is centered hetn on the 

flexural stresses, the uniform gravity load is considered to act only on the 

center span as this is the only load which will cause bending. If the 

uniform load is considered to act over the portion of the beam overlying the 

pillars, a determinable quantity is added to the deflection, but the shear, 

slope, and moment remain unchanged» 

An end-conditioning principle is used to arrive at the general solution 

for the portion of the beam overlying the elastic foundation. The 

requirement of continuity of slope and displacement is then used to extend 

the solution to the portion of the beam overlying the rooms. The complete 

solution is used to analyze the stability of the immediate roof for room-and 

pillar geometries in the three candidate stratigraphic horizons. 

5.4.2. Analysis of Roof Stability in Candidate Horizons for the Alpha 

Two different values for pillar width, toor. width, and pillar height wore 

used at each horizon. In the first case the pillar width was 60 feet, the 
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room width was 22 feet, and the pillar height was 16 feet. In the second 

case those values were respectively, 70 feet, 30 feet, and 16 feet. The 

roof thickness was varied in steps of two feet, from two feet to ten feet 

for each case. The horizons were at 1900, 2100, and 2700 feet respectively. 

At the 1900 ft. level, the roof and pillars had a modulus of 1.75 x 106 psi, 

specific weight of 144 lb/cu. ft., and tensile strength of 180 psi. At the 
7 

2100 ft. level, the roof was a layer of anhydrite with a modulus of 10 psi 

and tensile strength of 810 psi. 

In all cases considered, the two foot beam resulted in the highest 

bending stresses, with the maximum tensile stress being located on the upper 

side of the roof near the edges of the pillars. The fact that the highest 

stresses occurred in the smallest beam is not surprising, since the weight 

of the beam increases with its volume which has dimensions of length cubed, 

but its moment of inertia increases as a length dimcnison to the fourth power. 

A number of interesting observations can be made form the results. From the 

first geometry of rooms and pillars to the second geometry, the extraction 

ratio increased by 11%, yet the bending stresses near the edge of the pillar 

for the two foot thick beam increased by nearly 100%! For the first geometry, 

the tensile bending stresses never exceeded the tensile strength of the roof 

for all cases considered. For the second geometry the tensile strength was 

exceeded at the upper surface of the two foot beam near the edges of the 

pillars at the 1900 and 2700 foot horizons. At the 2100 foot horizon with 

a ten foot layer of anhydrite, the maximum tensile banding stress occurrod 

on the lower face of the beam at the midpoint of the span overlying the room. 

On the pillar side, the maximum bending stress occurred at a point corresponding 

to a point six feet into the pillar. A plot of the flexual stress versus 

distance along the roof is shown for several different situations in Figures 

5.7 through 5.10. The stresses are shown for the lower face of the beam. 
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On the opposite face of the beam, bending stresses of equal magnitude but 

opposite sign are present. Hence, in the figures the horizontal position of 

maximum compressive bending stresses is also the position of maximum tensile 

bending stresses. 
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Fjgutu I)*? Bending Stress Versus Distance Along a 10 Ft. Thick Roof 
at 1,900 and 2,100 Ft. Levels for a 22 Ft. Room and 
60 Ft. Pillar. 
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DISTANCE ALONG ROOF (FT.) 

Figure 5.8 Bending stress Versus Distance Along a 10 Ft. Thick Roof at 1,900 
and 2,100 Ft. Levels for a 30 Ft. Room and 60 Ft. Pillar. 
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CHAPTER 6 

SELECTION OF LARGE HOLE DRILLING EQUIPMENT 

by 

David 3. Ellis and William H. Grams 

6.1. General Comments on Underground Large Hole Driling 

The drilling of large holes in this underground mine is an unusual 

task, considering the number of holes which will be drilled. Many 

mines have used large holes for a variety of purposes, such as drainage, 

ventilation, ore passes, manways, etc. The problem is that these 

holes were considered special and the equipment was never perfected 

for efficient and rapid performance. Presently, the use of larger 

blast holes in large sub-level caving operations is seeing perfected. 

The large International Nickel Mine in Sudbury, Ontario, is using 

new blast hole drills of the 5 to 6 inch diameter class. This is still 

much smaller than the 20 inch diameter holes required for this project. 

The large raise boring equipment is certainly capable of drilling the 20 

inch diameter holes, but the limited mobility and extensive setup time 

make raise borers inapplicable to the situation under consideration. 

in essence, the availability of equipment to drill these large 

holes is limited. There are three basic types of equipment which are 

presently being considered; namely: 

(1) Rotary 
(2) Core 

(3) Bucket excavator 

The cutting mechanism for the rotary drilling could be categorized 

by either standard tri-cone or drag type bits. Furthermore, the mechanism 

of salt cuttings removal effects the basic construction of the drill 

rig. The two most common cuttings removal methods would be fluid (air 
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or water) and auger. 

The following types of drill rigs are being considered: 

(1) Rotary, Tri-cone bit and compressed air cutting removal 
(2) Rotary, drag bit, with compressvd air cutting rumoval 
(3) Core, compressed air cutting removal 
(4) Bucket excavator 

(5) Rotary, modified drag bit with auger cutting removal 

Of the fifteen major drilling manufacturers contacted, nine have indicated 

that they have no unit available for our application. The other suppliers are 

presently preparing proposals as to which of their units would satisfy our 

requirements and what specific modifications would be needed, General 

information is given in Sections 6.2. through 6.5. All prices quoted in 

these brief reviews are estimates. Table 6.1 itemizes the contacts made and 

indicates whether they are sending detailed information, or if no equipment 

is available at present. 

All information presented here has been obtained from u telephone 

conversation. The complete analysis will be made when we receive detailed 

information from the manufacturer. 

6.2. Bucket Drill 

Calweld Division of Smith International Inc., has a bucket drill, rig 

Model 150-A which utilizes a telescoping kelly. It is powered by a 

diesel engine. The bit has carbide insert teeth. Utilizing a pull down 

mechanism, the drill can penetrate rock with a unconfined compressive 

strength of 12,000 psi, according to a Calweld representative. Figure 6.1 

is a graphic illustration of a unit of this type. 

The Model 150-A bucket drill cculd be mounted either on a crawler, 

on skids, or on hudraulic "walkers". The hudraulic walkers have been used 

before by Calweld. The drill is 18 feet tall when munted on skids. It 

is approximately 9 feet wide. Calweld said that it would not be difficult 

to shorten the derrick so that the drill would fit in a room with .2 back 
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height of 16 feet. They also said it would be possible to convert this to 

electric power. The drilling rate for the electric powered drill is 

estimated at six holes per shift, but this is only an educated guess from 

the manufacturer as the proposed use is non-standard for this drill. The 

bucket drill rig would cost approximately $50,000 if mounted on skids and 

$60,000 if mounted on walkers. 

The Calweld Model 150-A, which is similar to the Model 150-B, except 

for derrick height, is presently being used by LeFever Foundation 

Contractors in Chicago, Illinois, They have used the same six Calweld 

bucket machines for the past en years. The machines has been used in one 

application to drill holes with a diameter of three feet with a depth 

of fifteen feet. They have used a modified version of the Model 150-A 

while drilling in an area with a clearance of 14 feet. Mr. LeFever was 

very positive about the performance of the Calweld machines. 

6.3. Rotary Drill with Drag Bit 

The Robbins Company, Seattle, Washington, has a rotary drill Model 11D 

which they propose using to drive a bit equipped with pick type drag 

bits. These bits are typically used on cutter chains on rotary head miners 

used in salt mines. This drill is electrically powered. Figure 6.2 is a 

graphic illustration of a drill rig of this type. 

This drill may be stored on a crawler as supplied by Eimco of 

Salt Lake City, UT, or could be put on skids. The Model 11D rotary drill 

mounted on a crawler is less than 11 feet tall. The unit is 7 feet wide 

and weighs approximately 8 tons. To reduce the annular area between the 

drill hole gage and the drill rod for better hole cleaning, Robbins suggests 

the utilization of specially designed drill rod of a much larger diameter 

than their normal drill rod. The drilling rate for this drill is estimated 

at about five holes per shift. This is considering an average work shift under— 
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Figure 6.2. Crawler Mounted Rotary Drill with Roof Jacks and Steel Handling Systems 
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ground of 6h hours at the face. 

The price of the modified Model 11D would be about $118,000. The 

special drill rod would be approximately $30,000 and the bit would cost 

approximately $5,000. An air powered transport trailer would .be about 

$60,000. A dust collection system would cost approximately $40,000. 

Total cost would be approximately $193,000, if the unit was placed on 

skids; it would be $253,000 if placed on a crawler. 

In addition to manufacturing a special 20 inch pipe, the Robbins drill 

would require modification in the frame, back plate, and cross head in order 

to accommodate the special drill rod. According to the manufacturer, thesa 

modifications are minor, but would increase the base price of the unit by 

about 50 percent. 

The Robbins Model 11D is presently being used by Bcstall Mining Limited, 

of Tirnmins, Ontarion. They said moving and positioning the unit, setting 

up, and rod handling were time consumming. They had major problems anchoring 

the unit to the floor. They were apparently not using roof jacks. Their 

carrier was overloaded and they had maintenance problems with the connections 

between the power package and the drill unit. 

6.4. Rotary Drill with Tri-Cone Bit 

Robbins Drill Division of Joy Manufacturing sells a rotary drill 

Model RR105, It is diesel driven and usually mounted on a caterpillar 

D9-36A or D9-49A. The drill develops up to 65,000 pounds of pressure at the 

bit. The bit would be a large tri-cone bit as manufactured by a variety 

of manufacturers and would be driven by a ten inch drill rod with standard 

API theads. 

This drill is 34% feet long and 11 feet wide. The mast increases its 

height from 10 to 20 feet. They are not certain if they could decrease the 

vast height. The drilling unit weighs approximately 50 tons. Joy tfanu-



(RSI-1856) 

factoring said it would be possible to convert the machine to electric 

operation much•like their Model RRllE. The standard model of the RR105 sells 

for approximately $170,000, The modified unit is expected to be less than 

$300,000. 

The Robbins Drill is presently being used by the Vinnell Corporation 

in S&udia Arabia to drill 25 inch diameter holes to depths of 20 to 25 feet 

in hard sandstone. Vinnell is using s tri-cohe bit manufactured by Reed 

Tool Company. 

6.5. Core Drill' 

The LeRoy Division of Dresser Industries manufactures a coring drill 

called the BBS-15, The drill has an optional electric drive. LeRoy also 

manufactures speciality coring bits up to 30 inches in diameter. Figure 6.3 

is a graphic illustration of this drill rig. 

This drill is a standard oore drill not manufactured for rapid 

excavation, and hole production may be quite low. An additional problem 

would be the removal of the large sections of core, not only from the hole, 

but from the repository. The cost of this machine, exclusive of the specially 

manufactured bit, would be approximately $16,000. 

This drill is presently being used by Boyle Brothers in Allentown, 

Pennsylvania to drill 18 inch diameter holes to a depth of 20 feet in slate. 
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Figure 6.3 Electrically Driven, Skid Mounted Core Drill 
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TABLE 5.1 

Drill Manufacturers Contacted and Their Reply as Regards 
the Large Hole Drilling Task 

Company 
Name 

Company 
Ijocation 

Machine 
Available 

Preparing 
Proposal On 

Calweld Division 
of Smith 
International, Inc. 

LeRoy Division of 
Dresser Industries 

and 
Boyle Brothers 

Robbins Drill 
Division of Joy 
Manufacturing 

Hughes Tools 

The Robbins Company 

Atlas-Copco 

Reed Tool Company 

Gardner-Denver 
Company 

Ingersoll-Rand 

Long-Airdox 

Jeffery Mining 

EIMCO 

Acker Drill 
Company 

Salem Tool Company 

Smith Tool Company 

Santa Fe Springs, yes 
California 

Salt Lake City, yes 
Utah 

Orillia, Ontario 

Birmingham yes 
Alabama 

Houston, Texas no 

Seattle, Washington yes 

Wayne, New Jersey maybe 

Sherman, Texas no 

Dallas, Texas maybe 

Denver, Colorado no 

Oak Hill, W. Virginia no 

Columbus, Ohio no 

Salt Lake City, Utah no 

Clark Summit, no 
Pennsylvania 

Salem, Ohio no 

Ervine, California no 

Bucket Drill 

Coring Drill 

Rotary Drill wi" 
Tri-Cone Bit 

Rotary Drill wi 
Special Drag Bit 
No Specific Ideas 
at this Time 

No Specific Ideas 
at this Time 
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CHAPTER 7 

EXCAVATION/HAULAGE SYSTEMS 

By 

Thomas J. Zeller and William H. Grams 

7.1. Mining Equipment Status 

Mining equipment for salt mines in general has been found to he 

readily available from manufacturers. Most equipment can be adapted 

to this particular salt mine application without modification. A 

number of equipment systems are being considered in light of information 

received from manufacturers. 

7.2. Excavation Systems 

The four types of basic excavation systems considered and a selection 

of the manufacturers of equipment in this category are as follows: 

(1) Continuous Miner: Coal Type - Rotary Drum (as illustrated by 
Figure 7.1) 

(a) Atlas-Copco Inc. 
(b) Jeffery Mining Machinery Company 
(c) Joy Manufacturing Company 
(d) Lee-Norse Company 

(2) Continuous Miner: Impulse Type (as illustrated by Figure 7.2) 

(a) Ingersoll Rand Company 

(b) Lee-Norse Company 

(3) Continuous Miner: Boom Type (as illustrated by Figure 7.3) 

(a) Alpine Equipment Corporation 

(4) Conventional Mining Equipment 

(a) Atlas-Copco Inc. 
(b) Ingersoll Rand Company 
(c) Joy Manufacturing Company 
(d) Long-Airdox Company 

(e) Schroeder Brothers Corporation 

In addition to equipment manufacturers, Dupont has been contacted 

concerning blasting requirements. 
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Figure 7.1. Continvous Miner - Rotary Drum 
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Fitiure 7.3. Continuous Miner, Boom Mounted Pineapple Cutter 
and Gathering Arm Muck Handling System 
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7. 3- Haulage Systems and Auxiliary Equipment 

Haulage system equipment has been defined as any. equipment used in 

tho mino other than that used diroctly un the face of tho mine handing. 

This would include equipment such as loaders, load haul dump units, roof 

bolters, shuttle cars, feeder breakers, belt conveyors, and rail equip-

ment. Manufacturers of haulage equipment other than sail equipment, 

which have been contacted are: 

(a) Atlas Copco Inc. 
(b) Envirotech Corporation 
(c) Fairchild Equipment and Supply Company 
(d) FMC Corporation 
(e) Joy Manufacturing Company 
(f) Lee-Norse Company 
(g) Long-Airdox Company 
(h) National Mine Service 
(i) Schroeder Brothers Corporation 
(j) Wagner 

Rail equipment manufacturers contacted include: 

(a) ACF Industries 
(b) Card Corporation 
(c) Difco, Inc. 
(d) Jeffery Mining Machinery Company 
(e) Lakeshore, Inc. 
(f) Plymouth Locomotive 
(g) West Virginia Armature 

7.4. Problem Areas 

Problems which may prove to be unique to this mine nay cause design 

modifications in equipment or restrictions on what components may be 

used in the mining process. Some of the problems which may be 

emticipated in the equipment selection process are: 

(1) Ventilation requirements due to the special nature of alpha 
waste repositories may preclude the use of diesel powered 
equipment. The mine could possibly be classified as gassy 
which would also limit the equipment to electric or air 
powered. This will mean that extra emphasis will be given 
to investigation of an all electric system. This would 
also keep noise levels and ventilation requirements to & 
minimum. 
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(2) Continuous mining equipment is basically designed to cut 
up co only 12 feet in height. This would mean that a 16-
foot high mine heading would have to be cut by double 
benching. 

(3) Roof bolters and auger face drills are not normally designed 
to cover 16 feet in vertical range. However, most 
manufacturers feel this is a small problem that can be 
easily overcome with a slight modification of present 
equipment. 

7.5. Conventional vs. Continuous Mining 

In the analysis of mining methods, there will be several trade-offs 

which will have to be researched before a decision can be made as to 

the optimum set of mining equipment components. From preliminary 

analysis of continuous and conventional mining methods, the following 

advantages and disadvantages have been detemiined: 

Advantages of Conventional Mining Methods: 

(1) High rate of production 
(2) Multiple headings can be mined with the same equipment 
(3) Entire heading can be mined with one pass 
(4) Lew maintenemce, highly durable equipment 
(5) Significant background in salt mines with conventional 

equipment 

Disadvantages of Conventional Mining Methods: 

(1) Blasting miy fracture surrounding rock, weakening 
pillar and roof structures 

(2) Floor nay be relatively rough 
(3) More pieces of equipment are required with conventional 

mining than with continuous mining techniques. 
(4) Blasting may subject miners to excessive noise and 

possibly noxious fumes which would present additional 
ventilation requirements. 

Advantages of Continuous Mining Equipment: 

(1) Continuous operation rjf equipment 
(2) Will not fracture surrounding rock 
(3) Noise levels and fumes are held to acceptable levels 
(4) Smooth floor for operating equipment 
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Disadvantages of Continuous Mining Equipment: 

(1) Would probably have to be special equipment, extra heavy 
(2) Little background on continuous mining in salt 
(3) Would have to cut in two passes 
(4) If continuous miner goes down for maintenance, all other 

production stops 
(5) High capital outlay in relation to production requirements 
(6) Would require more than one machine to work multiple 

headings 

7.6. Concluding Remarks 

The aforementioned problems, and the advantages and disadvantages of 

different mining methods, will be further researched to determine the 

optimum mining method within the given set of parameters. Further 

refinement of equipment requirements will come with the determination 

of excavation rates which are based on canister size and number of 

canisters per hole. 
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CHAPTER 8 

SUMMARY OF APPLICABLE MESA AND OSHA SAFETY REQUIREMENTS 

by 

William H. Crams 

8.1 General Remarks 

The health and safety standards and regulations of general concern 

are governed by both OSHA and MESA. The OSHA regulations were obtained 

from the Federal Register Vol. 39, No. 122, Monday, June 24, 1974. 

The MESA regulations were obtained from the Metal and Non-Metal Mine 

Health and Safety Standards and Regulations, a guide to 30 CFR, Chapter 

1, Parts 55, 56, 57, and 58. 

OSHA is concerned with underground construction, in general, 

tunnelling. Therefore, many of the rules and regulations established 

by OSHA could be applicable to the low level repository. At present, 

no correspondence has been made with the OSHA personnel to determine if 

any or all of the OSHA standards will have to be considered. 

MESA standards most certainly will have to be met, and hopefully 

exceeded. 

The discussion herewith will concern itself only with those rules 

and regulations which would tend to affect the scope of the present 

contract for the initial investigation of the low level alpha waste 

repository. 

8.2 Applicable MESA Requirements 

The sections of particular interest as regards the MESA regulations 

are as follows: 

(1) Section 57.3: Ground Control. In particular, paragraphs 57.3-29 
concern the shaft pillar and would be of concern. 

(2) Section 57.5: Air Quality, Ventilation, Radiation, and Physical 
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Agents. Paragraphs 57.5-37 through 42 concern radiation. This 
may he of concern, although it is set up for uranium mining. 
Paragraph 57.5-50 concerns physical agents, and the sections 
regarding dust and noise are of particular interest. 

(3) Section 57.7: Drilling. This section deals mainly with safe 
drilling practices, but paragraph 57.7—13 states that large 
holes which could present a physical hazard must be covered. 

(4) Section 57.11: Travelways and Escapeways. This section states 
the rules and regulations for safety in the areas where people 
are moving. 

(5) Sections 57.21 through 57.25: Gassy Mines. These sections 
concern the mining practices in a mine that contains a 
flainmable gas. Of particular interest is Section 57.21 on 
ventilation. Paragraph 46 states that crosscuts must be 
made between entries and rooms at an interval not in excess 
of 100 feet. 

8.3. Applicable OSHA Rules 

The sections of particular interest as regards the OSHA regulations 

are as follows: 

(1) Subpart D: Occupational Health and Environmental Controls 
Section 1926.52 of the subpart deals with the Occupational 
Noise Exposure, and delineates acceptable sound pressure 
levels and the maximum working times allowable for a particular 
noise level. ^ 

(2) Subpart S: Tunnels and Shafts, Caissons, Cofferdams, and 
Compressed Air. The section of general concern to this project 
is 1926.800 or tunnels and shafts. 



METAL AND NONMETAL MINE 
HEALTH AND SAFETY STANDARDS 

AND REGULATIONS 

A Guide to 
30 CFR, Chapter I 

Parts 55, 56, 57 and 58 

Promulgated under provisions of 
Public Law 89-577 

the 
Federal Metal and Nonmetallic Mine 

Safety Act 

Mining enforcement and Safety 
Administration 
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StatM of America Standards Institute. 

&7.I-32 When needed, rock bolts should 
be installed as soon as possible after'tn area is exposed. 

57.S-3S T o r q u e meters or torque wrenches 
should be available at mines where rock bolls 
arc """td for ground support . Periodic tests 
.should be made to determine if bolls meet 
ivtommrndcd torque. r r 

r 

Underground ONLY 
57.3-20 Mandatory. Ground support shall 

be used if the operating experience of the 
mine, or any particular area of the mine, in-
dicates t'.iat it is required. If it is required, 
support, including timbering, rock bolting, or 
other methods shall be consistent with the 
nature of the gro'.:rid and the mining method 
used. 

57.5-21 Men should be trained in the 
proper methods of testing for, taking down, 
and supporting loose ground. 

57.5-22 Mandatory. Miners thall examine 
and test the back, face, and ribs of their 
working places at the beginning of each shift 
and frequently thereafter. Supervisors .'.ball 
examine the ground conditions dining daily 
vhits to insure that proper testing and ground 
control practices arc teing followed. Loose 
ground shall be taken down o- adequately 
supported before any other work is done. 
Ground conditions along haulagew^ys and 
travehvays shall be examined pcziodically 
and scaled or supported as necessary. 

57-3-23 A scaling bar of proper length and 
blunt on one end should be provided at each 
working face. 

57.3-2-4 Picks or other short tools thai 
would place the user in danger of falling rock 
should not bs used for barring down. 

57.5-25 Timbers should be blocked tightly. 
57.5-26 Damaged or dislodged timbers 

which creatc a hazardous condition should be 
repaired or replaced promptly. 

57,3-28 When necessary, permanent, or 
temporary ground support should be installed 
near enough to the bottom of the shaft dur-
ing shaft sinking to prevent falls of .rocks 
from the sides of the shaft. 

57,3-29 Shaft pillars should have sufficient 
strength to protect operating shafts. 

57,3-30 Rock-bolt installations should be 
installed in a manner to provide safe and 
effective ground support. 

57.3-3J Rock-bolting materials should 
meet the applicable standards of the United 
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jj 57.5 Air quality* ventilation, -radiation, 
and physical jtj;cnu. 

GTNERAX.—SURJ-ACA A N D T J N D E W O H O U W ^ 

5V.5-1 Mandatory, fiscept as permitted by 
§ 5 7 . 5 - 5 : (a) Except as provided in para-
graph (b ) , the exposure to airborne con-
taminants shalt not exceed, on the basil of * 
time weighted average, the threshold limit 
values adopted by the American Conference ( 
of Governmental Industrial Hygicnists, as 
set forth explained in the 1973 edition 
of the Conference's publication, entitled 
"TLV'i Threshold Limit Values for Chemi-
cal Substances in 'Workroom Air Adopted 
by ACGIH for 1973," pages 1 through 54, / 
which are hereby incorporated by reference v 
and wade a part hereof. This publication 
may be obtained from tlie American Con-
ference of Governmental Industrial Hy-
gieniiu by writing to the Sccrctary-Treas-
urer, P.O. Box 1937, _ Cincinnati, Ohio 
•45201, or may b; examined in any Metal 
and Nonrr.etal Mine Health and Safety Dis-
trict or Subdiitrict Office of the Mining 
Enforcement and Safety Administration. 
Excursions above the listed thresholds shall 
not be of a greater magnitude than is char-
acterized as peimissible by the Conference. 

(b) The S-bour time weighted average 
airborne concentration of asbestos dust to 
which employees are cxpoied shall not ex- ; 
ceed 5 fibers per milliliter greater than 5 
microns in length, at determined by the 
membrane filter method at 400-450 magni-
fication <4 millimeter objective) phase con-
trast illumination. No employee shall be ex-
posed at any time to airborne concentra-
tions of asbestos fibers in cxcess of 10 fibers 
longer than 5 micrometers, per milliliter of 
air, as determined by the membrane filter 
method over a minimum sampling time of 
15 minutes. "Asbestos" is a gcneric term for 
a number of hydrated silicates that, when 
crushed or processed, separate into flexible , 
fibers made up of fibrils. Although there 
ajc many asbestos minerals, the term "as-
bestos" as used herein is limited to the fol-
lowing minerals; chrysotile, ainosite, crocido-

lite, anthophyliie asbejtol, tremolilc asbes-
tos, and actiitolise asbestos. 

r ( c ) Employees shall be withdrawn Irora 
V. areas where there is present an airborne con-

taminant given a "C" designation by the 
Conference and_ the concentration exceeds 
the threshold limit value listed for that 
contaminant 

/ 57.5-2 Mandatory. riu«t, gas, mist, and 
[ fume survey* shall be conducted as frequcntly 

as necessary to determine the adequacy of 
" control measures. 

57.5-S Mandatory. Holes shall be collared 
and drilled wet, or other efficient duu-confrol 

f measures shall be used when drilling- non-
water-soluble material. Efficient dust-control 

V measure* shall be used -when drilling water-
soluble materials. 

57.5-4 Muckpiles, haulage roads, rock 
transfer points, crushers, and other points 
where dust is produced in amounts sufficient 
to cause a health or safely hazard should be 
wetted down as often as necessary, unless the 
dust is controlled adequately by other 
methods. 

57.5-5 Mandatory. Control of employees 
exposure to harmful airborne contaminant* 
shall be, insofar as feasible, by prevention of 
contamination, removal by exhaust ventila-

^ tion, or by dilution with uncontaminated 
air. However, where accepted engineering 
control' measures have not been developed 
or when necessary by the nature of the -woik 
involved Cfor example, while establishing 
controls or occasional entry into hazardous 
atmospheres to perform maintenance or In-
vestigation), employees may work for reas-
onable periods of time in concentrations of 
airborne contaminants exceeding permissi-
ble levels if they are protected by appro-
priate respiratory protective equipment. 
Whenever respiratory protective equipment 
is used a program for selection, maintenance, 
training, fitting, supervision, cleaning, and 
use shall meet the following minimum re-
quirements: 

( a ) Mining Enforcement and Safety Ad-
ministration approved respirators which are 
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applicable and suitable for the purpose in-
tended shall be furnished, arid employed 
shall use the protective equipment in ac-
cordance with training and instruction. 

(b) A reipirator program continent with 
the requirement! of ANSI Z88.2-M69, pub-
liihed by the American National Standard! 
Institute and entitled "American National 
Standards Practices for Respiratory Pro lec-
tion ANSI Z88.2_ 1969," approved August 
11, 1969, which is hereby incorporated by 
reference and made a part hereof. This pub-
lication may be obtained from the American 
National Standards Institute, Inc., 1430 
Broadway, New York, New York 10018, or 
may be examined in any Metal and Non-
metal Mine Health and Safety District or 
Subdistrict Office of the Mining Enforce-
ment and Safety Administration. 

(c ) When respiratory protection ii used 
in atmospheres immediately harmful to life, 
the presence of at least one other person 
with backup equipment and rescue capability 
shall be required in the event of failure of 
the respiratory equipment. 

UNDERGROND O N L Y 
57.5--15 Atmospheres in all active areas 

should contain at least 20 percent oxygen. 

r i r 
c c 

C 

VENTILATION 

UNDERGROUND ONLY 

57.5-21 Main fans should be installed on 
the surface; if Jt i« necessary to locate thcni 
underground, they should be in fire-resistant 
aieas and should be provided with remote 
controls. 

575-22 Mandatory. Fan housings and air 
ducts connecting main fans to underground 
openings shall be fire.Tesistant. 

57.5-23 Separate mine openings should be 
provided for main intake- and return-air cur-
rents cxccpt during early stage* of develop-
ment. A multiple compartment shaft is a sin-
gle opening for the purpose of this standard. 

57-5-25 Main fans should be inspected and 
maintained properly. 

57.5-26 Instruments should be provided 
to test the mine atmosphere quantitatively 
for carbon monoxide, nitrogen dioxide, and 
other gases that occur in the mine. Testa 
should be conducted as frequently as netes-
sary to assure that the requixed quality of air 
is maintained. 

57-5-27 Kiane safety lamps or other suit-
able tJcvkes should be used to lest for acute 
oxygen deficiency. 

57.5-28 Mandatory. Unventilatcd areas 
shall be sealed, or barricaded and posted 
against cnlry. 

57.5-29 When used, ventilation tubing 
should be installed so that the air current 
sweeps the face areas effectively. Maximum 
distance of the end of the tubing from the 
face genemUy should be 30 feet for blowing 
and 6 feet for exhausting. 

573-50 Ventilation doors not operated 
mechanically should be designed and in-
sulted so that (bry are self-closing and will 
remain closed regardless of the direction of 
the air movement. 
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RADIATION 
UKDIHI;ROUND ONI<V 

575-S7 Mandatory. Mine atmosphere* 
shall be sampled to determine if hazardous 
concentrations of radon daughter? are p»e»-
ent. Where potentially hazardous concentra-
tions arc found, or known sources of radon 
exist, each active work area shall be sampled 
as often as necessary by a qualified person. 

5 /3-38 Mandatory. No employee shall be 
pel mi tied to receive in exposure of more 
than 6 WLM (working level months) in any 
consccutive 3-momh period and no more 
than 12 WLM in any consccutivc 12-month 
period. Superseded* 

57.5-59 Mandatory. If sajnples show an 
atmospheric concentration of radon daugh-
ters of more than 1.0 working level, but less 
than 2.0 working levels, immediate corrective 
action shall be taken or the men shall be 
withdrawn. When concentrations higher than 
2.0 working levels are found, the men shail 
be withdrawn {rota the srea until corrective 
action is taken and the radon-daughter atmos-
pheric concentrations arc reduced to 1.0 
woiking level or less. 

57.5-40 Mandatory, (a) Where uranium is 
mined, if measurements i" areas indicate ex-
]>osurc to concentrations ol radon daughters 
in excess of 0.3 working level, complcLe indi-
vidual exposure records shall be kept for all 
employees entering these areas. 

( ! » ) • • • 
57.5-41 Mandatory. Smoking shall be pro-

hibited where uranium is mined. 
575-42 Mandatory. If levels of permis-

sible exposures to concentrations of radon 

•As proxided in 57JM2, permissible an-
nua) radialiori-cxposuie levels of no more 
than 4 Wl.M were rccommended by the 
Euviionmental Protection Agency- a n i ap-
P'oved by the Piesident, effective Tilly 1. 
1V7I. 

r 

r r 

r 

daughters different from those prescribed in 
57.&-3B are rccommcnded by the Environ-
mental Protection Agency and approved by 
the President, no employee shall be permitted 
to rweive exposures in excess of those levels 
after the effective dates established by the 
Agency. 

PHYSICAL A O E N T B 

G E N E R A L — S U R F A C E A N D U N D E R O R O U K D 
1 . 57 .5 -50 Mandatory, ( a ) N o employee 

shall be permitted an exposure to noise in 
excess of that specified in the table below. 
Noise level measurements shall be made 
using a sound level meter meeting specifica-
lions for type 2 meters contained in Amer-
ican National Standards Institute ( A N S I ) 
Standard SI.4-1971, "General Purpose 
Sound Level Meters," approved April 27, 
1971, which is hereby incorporated by ref-
erence and made a part hereof, or by a 
dosimeter with similar accuracy. This publi-
cation may be obtained from the American 
National Standards Institute, Inc., 1430 
Broadway, New York, New York 10018, or 
may be examined in any Metal and Non-
metal Mine Health and Safety District or 
Subdistrict Office of the Mining Enforce-
ment and Safety Administration. 

PERMISSIBLE N O I S E E X P O S U R E S 

Sound level 
Duration per day, dBA, slow 

hours of exposure: itsporje 
8 90 
6 92 
4 95 
3 97 
2 100 
l t f 102 
1 105 
54 HO 
J4 or less 115 

N o exposure shall exceed 1X5 dBA. Impact 
or impulsive noises shall not exceed 140 
dB, peak sound pressure level. 



NOTE, When the daily exposure if com-
posed of two or more periods of noise ex-
posure at different levels, their combined 
effect shall be considered rather than the 
individual effect of each. 

If the sum Q+C1+.. .C. cxceedi unity, 
T. T, T. 

then the mixed exposure shall be considered 
to exceed the permissible exposure. C. indi-
cates the total time of exposure at a speci-
fied noise level, and 7". indicates the total 
t ime of exposure permitted at that level. 
Interpolat ion between tabulated values may 
be 'de te rmined by the following fo rmula : 

log r= 6 . 3 2 2 — 0.0602 SL 

Where T is the time in hours and SL is 
the sound level in DBA. 

( b ) When employees' exposure exceeds 
tha t listed in the above table, feasible 
administrative or engineering controls shall 
be utilized. If such controls fail to reduce 
exposure to within permissible levels, per-
sonal protection equipment shall be pro-
vided a n d used to reduce sound levels to 
within the levels of the table, 
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157.7 Drilling. 

SURFACE O N C V 

57.7-1 Equipment that is to be vised dur-
ing a shift should be inspected each shift 
by a competent person, fcquipment defects 
affecting safety should be reported. 

57.7-2 Mandatory. Equipment dcfecu af-
fecting safety shall be corrected before the 
equipment is used. 

57.7-3 Mandatory. The drilling area shall 
be inspected for hamds before starting the 
drilling operations. 

57.7-4 Mandatory. Men shall not be on a 
mast while the drill-bit is iri operation unless 
Ihey are provided with a safe platform h-ora 
which to worV and they are required to use 
safety bells to avoid falling. 

57.7-5 Mandatory. Drill crews and others 
shall stay clear of augers or drill stems that 
are in motion. Persons shall not pass under 
or step over a moving stem or auger. 

57.7-C Receptacles or racks should be pro-
vided for drill steel stored on drills. 

57.7-7 Tools and other objects should not 
be left loose on the mast or drill platform. 

57.7-8 Mandatory. When a drill is being 
moved from one drilling aTea to another, 
drill steel, tools, and other equipment shall 
be secured and the mast placed in a safe 
position. 

57.7-9 The drill helper, when used, should 
be in sight of the operator at all times while 
the drill is being moved to a new location. 

57.7-10 Mandatary. In the event of power 
failure, drill controls shall be placed in the 
neutral position until power is restored. 

57.7-11 Mandatory. The drill stem shall 
be resting on the bottom of the hole or on 
the platform with the stem sccurcd to the 
mast before attempts arc made to straighten 
a cro«cd cable on a r»-el. 

57.7-12 Mandatory. While in operation, 
drills shall be attended at all times. 

17.7—13 Mandatory. Drill holes large 

f 

f 

c 

c 
c 
c 

A 

enough to constitute a hazard shall be cov-
ered or guarded. 

57,7-14 Men operating^ or working near 
jackhammers or jackleg drills and other drill-
ing machines should position themselves so 
that they will not De clruck or lose their bal-
ance if the drill steel breaks or sticks. 

57.7-15 Men should not drill from posi-
tions that hinder their accev to the control 
levers, or from insecure footing or staging, 
or from atop equipment not designed for 
this purpose. 

57.7-16 Bit wrenches or bit VnockeT* 
should be used to remove detachable bits 
from drill steel. 

57.7-17 Starter steels should be used when 
collaring holes with handheld drills. 

57.7-18 Mandatory. Men shall not hold 
the drill steel while collaring holes, or rest 
their hands on the chuck or centralizer while 
drilling. 

57.7-19 Air should be turned off and bled 
from the hose before handheld drills are 
moved from one working area to another. 
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57.7-25 Men opera ting or working near 
drilling machines should position thtnisclveu 
so'that they will not be struck or lose their 
balance if the steel breaks or sticks. 

57.7 -20 Men should not attempt to op-
erate drills from positions that hinder their 
access to the control levers. 

57.7-27 Drilling should not be atli-mptrd 
from insecure fooling or staging, or from 
atop equipment not designed for this purpose. 

57.7-28 Men .should not hold the drill 
steel while collaring holes, or rest their hands 
on the chuck or ccntralizer while drilling. 

57.7-29 Air should be turned off before 
moving portable drills from one facc to 
another. 

57.7-30 Receptacles or racks should be 
provided for drill steel stored on jumbos. 

57.7-31 Before drilling cycle is started, 
warning should be given to men working 
below jumbo decks. 

57.7-32 Drills on columns should be an-
chored firmly before drilling is started and 
should be re tightened frequently thereafter. 
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57.11 Travrlwayi »"d ncapcways. 
T*AVTXW/IV» 

('.ENEHAT.—SUKFACE AND UNDERGROUND 

57.11-1 Mandatory. Safe means of access 
shall be provided and maintained to all 
working places. 

57.11-2 Mandatory. Crossovers, elevated 
walkways, f l o a t e d ramps, and stairways shall 
be of substantial construction, provided with 
handrails, and maintained in good condition. 
Where necessary, loeboards shall be provided. 

57.11-3 Mandatory. Ladders shall be of 
substantial construction and maintained in 
good condition. 

57.11-4 Portable straight ladders should 
be provided with nonslip bases, should be 
placed against a safe backing, and set on 
secure footing, 

57.H-6 Mandatory. Fixed ladders shall be 
anchored securely aiid installed to provide at 
least 3 inches i>{ toe clearancc. 

57.11^6 Mandatory. Fixed ladders shall 
project h i least 3 feet above landings, or sub-
stantial handholds thill be provided above 
the landings. 

57.11-7 Wooden members of ladders 
should not 'be painted. 

57.11-8 Ladderways, stairways, walkways, 
and ramps should be kept free of loose rock 
and extraneous materials. 

57,11-9 Mandatory. Walkways with out-
board railings shall be provided wherever 
persons are required to walk alongside ele-
vated conveyor belts. Inclined railed walk-
ways shall be nonskid or provided with cleats. 

57.11-10 Vertical clearance above stair 
steps should be a minimum of 7 feet or ade-
quate warning should be provided to indicate 
an impaired clearance. 

57.11-1! 1 Men climbing or descending lad* 
ders should face the ladders and have both 
hands free -for climbing. 

57.11-12 Mandatory. Openings above, be-
low, or near travclways through which men 
or materials tnay fall shall be protected by 

c 
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railings, barriers, or covers. Where 1| is Im-
practical to install such protective devices, 
adequate warning signals shall be installed. 

57.11-13 Mandatory. Crossoven shall be 
provided where It is necessary to crcns con-
veyors. 

57.11-14 Mandatory. Moving conveyors 
shall be crossed only at designated crossover 
points. 

57.11-15 Slippery walkways should be pro-
vided with cleits and handrails and/or rcpes. 

57.11-16 Mandatory. Regularly used walk-
ways and travelways shall be sanded, salted, 
or cleared of snow and ice as soon as prac-
ticable. 

57.11-17 Fixed ladders should not incline 
backwards at any point unless provided with 
backguards. 
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SUM ACL ONLY 

57.11-25 Fixed ladden should be offset 
and have substantia] railed landings at least 
every 30 feet unless backguard* aie provided. 

57.11-26 Sleep fixed ladders (70" to 90" 
from the horizontal) 30 feet or more in 
length, should b - provided with badtguards, 
cages, or equivalent protection, starting at a 
point not more than 7 feet from the bottom f 
of the ladder. V 

57.11-27 Mandatory. Scaffolds and work-
ing platforms shall be of substantial con-
struction and provided with handrails and 
maintained in good condition. Floorboards 
shall be laid properly and the scaffolds and 
working platform shall not be overloaded, V 
Working platforms shall be provided with 
toeboards when necessary. 

r 

U N D E R G R O U N D O N L Y 

C 57.11-35 Flexible ladders should he uitd 
only where rigid Udders may be impractical 

57.11-36 Mandatory. Trap doors or ade-
quate guarding shall be provided in ladder-
ways al each level. Doors shall be kept 
operable. 

57.11-37 T h e minimum, unobstructed 
cross-sectional opening in ladderways should 
be 24 inches by 24 inches. 

57.11-38 Warning should be given and 
acknowledged before entering a manway 
above or below where men are working. 

57.11-39 Working Soon; in square-set 
* slopes should be lagged closely and securely, 

and open sets should be equipped with 
guardrails. 

57.11-40 Travel ways steeper than 30° from 
the horizonal should be provided with lad-
ders or stairways. 

57.11-41 Ladders with an inclination of 
more than 70° off the horizontal should be 
offset and have landing gates, backguards or 
substantial landings at least every 30 feet. 
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57.11-50 Afamfatory. Every mine shall 
have two separate properly maintained 
escapcways »o the surface which are so ptai-
tioned that damage to one shall not lessen 
the effectiveness of the other, or a method 
of refuge shall be provided when only one 
opening to the surface is possible. 

57.11-51 Mandatory. Escape routes shall 
be: 

(a) Inspected at regular intervals and main-
tained in safe, travelable condition. 

(b) Marked with conspicuous and easily 
read direction signs that clearly indicate the 
ways of escape. 

57.11-52 Mandatory. Refuge areas shall be: 
(a) Of fire-resistant construction, prefer-

ably in umirabered areas of the mine. 
(b) Large enough to accommodate readily 

the normal number of men in the particular 
area of the mine. 

(c) Constructed so they can be made gas-
tight. 

(d) Provided with compressed air lines, 
watcrlines, suitable handtools, and stopping 
materials. 

57.11-53 Mandatory. A specific escape 
and evacuation plan and revisions thereof 
suitable to the conditions and_ mining system 
of the mine and showing assigned responsi-
bilities of all Jcey personnel in the event of an 
emergency shall be developed by the oper-
ator and set out in written fonti. Within 45 
calendar days after promulgation of this 
standard a copy of the plan and revisions 
thereof shall be available to the Secretary or 
his authorized representative. Also copies of 
the plans and revisions thereof shall be 
posted at locations convenient to all persons 
on the surface and underground. Such J 
plan shall be updated as necessary and shall 
be reviewed jointly by the operator and the 
Secretary or his authorized representative at 
least once every six months from the date 
of the last review. The plan shall include: 
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(a) Mine maps esr diagrams showing di-
rections of principal air flow, location of 
rjrape routes and locations of eriiting tele-
phones, primary fans, primary fan controls, 
fire doon, ventilation Soon, and refuge 
chambers. Appropriate portions of such 
ttiajn or diagrams shall be posted at all shaft 
stations and in underground shops, lunch-
rooms, and elsewhere in working areas 
where men congregate. 

(b) Procedures to show how the miners 
will be notified of emergency. 

( c ) An escape plan for each working 
area in the mine to include instructions 
showing how each working area should be 
evacuated. Each such plan shall be posted at 
appropriate shaft stations and elsewhere in 
worling areas where men congregate. 

(d) A fire fighting plan. 
(e ) Surface procedure to follow in an 

emergency, including the notification of 
proper authorities, preparing rescue equip-
ment, and other equipment which may be 
used in rescue and recovery operations. 

( f ) A statement of the availability of 
emergency communication and transporta-
tion facilities, emergency power and ventila-
tion and location of rescue personnel and 
equipment. 

57.11-54 Mandatory. Telephone or other 
voice communication shall be provided be-
tween the surface and refuge chambers and 
such systems shall be independent of the 
mine power suppl). 

57.11-55 Mandatory. Designated escape-
ways inclined more than 30" from the hori-
zontal shall be equipped with stairways, lad-
ders, cleated walkways, or emergency hoisting 
facilities. 

57.11-56 Emergency hoisting facilities 
should conform to the extent poss'ble to 



safety riquircjncnU for other inan hoists, 
should i,c adequate to remove ihc men from 
the mine wiih a minimum of delay, be main-
tained in ready condition, and be tested at 
leait every 30 days; records should be kept 
of th«e tests. 

57.11-58 Mandatory. Each operator of an 
underground mine shall establish a check-in 
and check-out system which shall provide an 
accurate record of persons in the mine. These 
records shall he kept on the surface in a 
place chosen to minimize the danger of de-
struction by fire or other hazards. Every per-
son underground shall carry a positive means 
of being identified. 



J 57.21 Cany mines. 
Cassy mints shall be operated in accord-

ance with all mandatory standards in this 
part. Such mines shall also be operated in ac-
cordance with the mandatory (standards in 
this section. The standards in this section ap-
ply only to underground operations. 

M I N E CLASSIFICATION 

57.21-1 Mandatary. A mine shall be 
deemed gassy, and thereafter operated as a 
gassy mine, if: 

(a) The State in which the mine is located 
classifies the mine as gassy, or 

(b) Flammable gas emanating from the ore-
body or the strata surrounding the orebody 
has been ignited in the mine: or 

(c) A concentration of 0.25 percent or more, 
by air analysis, of flammable gas emanating 
only from >he orcbody or the strata surround-
ing the orebody has been detected not less 
than 12 inches from the back, face, or ribs 
in any open workings; or 

(d) The mine is connected to a gassy mine. 
57.21-2 Mandatory. Flammable gases de-

tected while unwatcring mines and similar 
operations shall not be used to class a mine 
gassy. 
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F I R E PR E V E N T I O N A N D CO N T H O L 

57.21-10 Mandatory. Men shall not smoke 
or carry smoking materials, matches, or light-
ers underground. The operator shall institute 
a reasonable program to ensure that persons 
entering the mine do not carry smoking 
materials, matches, or lighters.. 

57-21-11 Mandatory. 'Except when neces-
sary for welding or cutting, open flames shall 
not be used in other than fresh air or in 
placcs where flammable gases arc present or 
may enter the air current. 

57.21-12 Mandatory. Welding or cutting 
with arc or flame underground in other than 
fresh air or in places where flammable gases 
are present or may enter the air current shall 
be under the direct supervision of a quali-
fied person who shall test for flammable gases 
before and frequently during such opera-
tions. 

57J21-13 Mandatory. Welding or cutting 
shall not be performed in atmospheres, con-
taining more than 1.0 percent of flammable 
gases. 

r I r 
r 
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V E N T I L A T I O N 

57.21-20 Mandatory. Main fans shall be: 
(a) Installed on the surface. 
(b) Powered electrically from a circuit in. 

dependent of the mine power circuit. Internal 
combustion engines shall be used only for 
standby power, or where electrical power is 
not available. 

(c) Installed in fireproof housing provided 
with fireproof air ducts. '**• ' 

(d) Offset not less than 15 feet from the 
nearest side of the mine opening and 
equipped with ample means of pressure re-
lief unless: 

(1) The opening is not in direct line with 
forces which would come out of the mine 
should an explosion occur; and 

(2) Another opening not less than 15 feet 
nor more than 100 feet from the fan opening 
is equipped with a weak-wall slopping or 
explosion doors in direct lines with the forces 
which would come out of the mine should 
an explosion occur. 

(c) Installed to permit prompt reversal of 
airflow. 

(f) Attended constantly, or provided with 
automatic devices to give alarm when the 
fans slow down to stop. Such devices shall 
be placed so they will be seen or heard by 
responsible persons. 

57.21-21 Main fans should be: 
(a) Operated continuously except when the 

mine is shut down for an extended period. 
(b) Provided with pirssure-rccorcling gages. 
(c) Inspected dailv and records kept of such 

inspections and of fan maintenance. 
57.21-22 The main intake and return air 

currents in mines should be in separate shafts, 
slopes, or drift*. 

57-21—23 Mandatory. When single shafts 
are used for intake and return the curtain 
wall or partition shall be constructed of rein-
forced roircrete or equivalent and provided 
with pressure relief devices. 
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57.21-2-1 Mandatory. When a main Ian 
fails ot stops and ventilation is not restored 
in a reasonable time, action <hall be taken to 
cut off the power to the areas affected and to 
withdraw all men from such areas. 

5751-25 When there has been a failure of 
ventilation and ventilation has been restored 
in a reasonable time, all places whi-re flam-
mable gas may have accumulated should be 
examined by a qualified person and deter-

-rnincd to be free cf flammable gas before 
power is icstored and work resumed. 

57.21-26 Mandatory. When ventilation is 
not restored in a reasonable time, all men 
shall be removed from the areas affected, and 
after ventilation has been restored, the areas 
af f fded shall be examined by qualified per-
sons for gas and other hazards and made safe 
before power is restored and before men, 
other than the examiners and other author-
iied persons, return to the areas affected. 

57.21-27 Mandatory. When the main fan 
or fans have been shut down with all men 
out of the mine, no person, other than those 
qualified to examine the mine, or other au-
thorijed persons, shall go underground until 
the fans have been started and the mine 
examined for gas and other hazards and 
declared safe. 

57.21-28 Mandatory. Booster fans shall be: 
(3) Operated by permissible drive units 

maintained in permissible condition. 
(b) Operated onl\ in air containing not 

more than 1.0 peicent flammable gas. 
57.21-29 Mandatory• A booster fan shall 

be: 
(a) Equipped with an automatic device to 

give alarm when the fan slows or stops, or 
equipped with a device , that automatically 
cuts off the power in the area affssrted if the 
fan slows or stops. 

(b) Provided with air locks, the doors of 
which open automatically if the fan stops. 

57 . 21 -30 M a n d a t o r y . A u x i l i a r y fans sha l l 
be: 

(a) Operated by permissible drive units 
maintained in permissible condition. 
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(b) Operated c-nly in air containing not 
more than 1.0 percent flammable gas. 

57.21-31 Auxiliary fans should be in-
spected by competent persons at least twice 
each shift. 

57.21-32 Afanrfatory. Men shall be -with-
drawn fiom areas affected by auxiliary or 
booster fans when such fans slow down or 
stop. 

5751-33 Mandatory. The volume and ve-
locity of the current of air courted through 
all active areas shall be sufficient 10 dilute 
and carry away flammable gases, smoke and 
fumes. 

57.21-3< Mandatory. The quantity of air 
coursed through -the last open crosscut in 
pairs or sets of entries or through other ven-
titation openings nearest the face, shall be 
at least 6,000 cubic feet a minute. 

57.21-35 Mandatory. At least onoe each 
wed:, a qualified person shall measure the 
volume of air entering the main intakes and 
leaving the main returns, the volume of the 
intake and return of each split, and the 
volujne through the last open crosscuts or 
other ventilation openings nearest the active 
faces. Records of sutb measurements shall be 
kept in a book on the surface. 

57.21-36 Permanently installed battery-
charging and transformer stations should be 
ventilated by separate spills of air conducted 
directly to return-air courses. 

57.21- 37 Electrically operated pumps, com-
pressors, and portable substations should fee 
in intake air. 

57.21-38 Mandatory. Changes in ventila-
tion that materially affect the main air cur-
rent or any split thereof and may 2ffect the 
safety of persons in the mine shall be made 
only when the mine is idle. Only those per-
sons engaged in making such changes sliall 
be permitted in the mine during the change. 
Power shall be removed from the areas af-
fected by the change before wort; starts and 
not restored until the effect of the change has 
been ascertained and the affected areas de-
termined to be safe by a qualified person. 
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57.21-39 Mandatary. H flammable gas in 
excess of 1.0 percent by volume is delected 
in the air not less than 12 inches from the 
back, face, and rib of an underground work* 
ing place, or In air reluming from a working 
place or places, adjustments shall be made 
in the ventilation immediately to that the 
concentration of flammable gas in such air 
is reduced to 1.0 percent or leas. 

57.21-10 Mandatory. If 1.5 percent or 
higher concentration of flammable gas is de-
tected in air returning ftotn an undergiound 
working place or pi a res, the mcri shall be 
withdrawn and the power cut of! to the por-
tion of the mine endangered by such flam-
mable gas until the concentration of such 
gas is reduced to 1.0 percent or less. 

57.21-41 Mandatory. Air that has passed 
by an opening of any unsealed abandoned 
area and contains 0.25 perrent or more of 
flammable gas shall not be used to ventilate 
working areas. Examinations of such air shall 
be conducted during the preshift examina-
tions requited by 57.21-59. 

57.21-42 Mandatory. Air that has passed 
through an abandoned panel or area which 
is inaccessible or unsafe for inspection shall 
not be used to »entilate any working place in 
such mine. No air which has been used to 
ventilate an area from which the pillars have 
been removed shall be used to ventilate any 
working place in such mine, cxcept that such 
air, if it does not contain 0.25 volume per 
centum or more of methane, may lie used to 
ventilate enough advancing working places 
immediately adjacent to the line of retreat 
to maintain an ordeily sequence of pillir 
recovery on a .set of entries. 

5751-43 Mandatory. Abandoned areas ' 
shall be sealed or ventilated; areas that are 
not scaled shall be barricaded and posted 
against unauthorized entry. 

57.21-44 Mandatory. Seals shall be of sub-
stantial construction. Exposed surfaces shall 
be made of firc-resistcnt material or, if the 
commodity mined is combustible, seals shall 
be made of incombustible material. 

57.21-45 Mandatory. One or mote seals of 
every sealed area shall be fitted with a pipe 
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and a vah'e or cap to permit sampling of the 
atmospheie and measurement of the piessure 

C behind such seals. 

57.21-46 Mandatary. Crosscuts shall be 
/ m a d e at intervals not in excess of 100 feet 

between entries and between rooms. 
57.21-47 Crosscuts should be closed where 

necessary to'provide adequate face ventilation, 
-=^57.21-48 Mandatory. Line brattice or other 

f Suitable devices shall be installed from the 
last open crosscut to a point near the face to 
assure positive air flow to the face of every 
active underground working place, unless the 
Secretary or his authorized representative 
permits an exception to this requirement. 

S " 57.21-49 Bratticc cloth should be of flame-
' resistant material. 

5751-50 Mandatory. Damaged brattices 
shall be repaired promptly. 

57.21-^1 Crosscuts should be provided, 
where practicable, at or near the faces of 
entries and rooms before they are abandoned. 

57.21-52 Mandatory. Entries or rooms shali 
not be started off entries beyond the last open 
crosscuts, except that room necks and entries 
not to exceed 18 feet in depth may be turned 
off entries beyond the last open crosscuts if 
such room necks or entries are kept fret of 
accumulations of flammable gas by us of line 
brattice or other adequate means. 

57.21-53 Stoppings in crosscuts between 
. intake and return airways, on entries otheT 
than room entries, should be built of solid, 
substantial material; exposed surfaces should 
be made of fire-resistant material or, if the 
material mined is combustible, stoppings 
should be made of incombustible material. 

57.21-54 Stoppings should be reasonably 
airtight. 

57.21-55 Mandatory. The main ventilation 
shall be so arranged by means of air locks, 
overcasts, or undcirasu that the passage of 
trips or persons dors iiot cause interruptions 
of air currents. Where air locks are imprac-
ticable, single doors may be used if they are 
attended constantly while the areas of the 
mine affected by the doors are being worked, 



(RSI-0024) 
58 

unless they are operated mechanically or are 
self-closing. 

57.21-56 Mandatory. Air locks shall be 
ventilated sufficiently to prevent accumula-
tions of flammable gas inside the lodes. 

57.21-57 Mandatory. Doois shall be lccpt 
closed except when mat or equipment are 
passing through the doorways. 

57-21-58 Overcasts and undercasts should 
be: 

(a) Constructed 
material. 

tightly of incombustible 

(b) Of sufficient strength to withstand pot-
sible falls from the back. 

(c) Kept clear of obstructions, 
57.21-59 Mandatory. Preshift examinations 

shall be made of all working areas by qualified 
persons within 3 hours before any workmen, 
other than the examiners, enter ttie mine. 

57.21-61 Mandatory. Only qualified ex-
aminers and persons authorized to correct 
the dangerous conditions shall enter places or 
areas where danger signs arc posted. 

57.21-62 Mandatory. Danger signs shall 
not be removed until the dangerous condi-
tions have been corrected. 

57.21-65 Examinations for dangerous con-
ditions, including tests for flammable gas with 
a device approved by the Secretary should be 
made at least ome each week, and a: intervals 
of not more than 7 days, by the mine fore-
man or other designated mine official, except 
during weeks in which the mine is idle for 
the entire week. T h e foreman or other desig-
nated mine official should: 

(a) Examine and mike tests: 
(1) In the return of each split where it 

enters the main return, 
(2) On accessible pillar falls, 
(3) At seals, 
(4) I n the m a i n r e t u r n , 

(5) In at least one entry of each intake and 
return airway in its entirety, 
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(6) In idle wordings, 
(7) In abandoned workings, insofar as con-

ditions permit. 
(b) M»rk his initials and the date at (he 

placcs examined; 
(c) Report dangerous conditions promptly 

to the mine operator or other designated 
person; 

(d) Record the results of his examination 
with ink or indelible pencil in a book kept 
for that purpose at a designated placc on the 
surface of the mine. 

57.21-66 T h e mine foreman or other des-
ignated mine official should read and counter-
sign promptly the reports of daily and weekly 
examinations by qualified persons and should 
take prompt action to have dangerous con-
ditions corrected. 
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EQUIPMENT 

5721-76 Mandatory. Diesel-powered equip, 
ment shall not be taken into or operated in 
places where flammable gas exceeds 1.0 per-
cent at any point not less than 12 inches from 
the back, face, and rib. 

57.21-77 Mandatory. Trolley wires and 
trolley feeder wires shall be on intake air 
and shall not extend beyond the last open 
crosscut or other ventilation opening. Such 
wires shall be kept at least 150 feet from 
pillar workings. 

57.21-78 Mandatory. Only permissible 
equipment maintained in pennissrble condi-
tion shall be used beyond the l&it open cross-
cut OT in places where dangerous quantities 
of flammable gases are present or w.ay enter 
the air current. 

57.21-79 Mandatary. Only permissible dis-
tribution boxes shall be used in working 
places and other places where dangerous 
quantities of flammable gas may be present 
or may enter the air current. 

57.21-81 Mandatory. No electric equip-
ment shall be taken into or operated in places 
where flammable gas can be detected in the 
amount of 1.0 percent or more at any point 
not less than 12 inches from the back, face, 
and rib. 

ILLUMINATION 

57.21-90 Mandator}. Only permissible elec-
tric lamps shall be used for portable illumi-
nation underground. 

c 
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Exyumvet 
57,21-95 Mandatory. Explosives not des-

ignated as permissible b) the Bureau of 
Mines or the Mining Enforcement and Safety 
Administration shall not be used in_ any 
underground gassy mine until the Mining 
Enforcement and Safety Administration and 
Stzie Inspector of Mines have given written 
approval for each such specific explosive to 
be used. 

57.21-96 Mandatory. The Mining Enforce-
ment and Safely Administration and the Slate 
Inspector of Mines, in granting approval re-
ferred to in standard 57.21-95, shall provide 
the operator with a written list of condition* 
for using the specific explosives covered by 
the approval and adapted the mining 
operation. 

57.21-97 Mandatory. Blasts in gassy mines 
shall be initiated clcctrically, and multiple-
shot blasts shall be initiated only with milli-
second-delay detonator*. Permissible blasting 
units of capacity suitable for *he number of 
holes in a round to be blasted shall be used 
unless the round is fired from the surface 
when all men are out of the mine. 

57.21-98 Mandatory. Boreholes shall be 
stemmed as prescribed for the explosives used. 

57.21-99 Mandatory. Examinations for gas 
shall be made immediately before and after 
firing each shot or round. 

57.21-100 Mandatary. Shots or rounds shall 
not be fired in places where flammable gas 
can be detected with a permissible flame 
safety lamp, or where 1.0 percent or more of 
flammable gas can be detected by any other 
Bureau of Mines or the Mining Enforcement 
and Safety Administration approved device 
or method, at a point not less than 12 inches 
from the back, facc, and rib. 

57.21-101 Shots and rounds should be 
fired by qualified persons. 

c 

c 
c 

c 
c 
r v . 

V 

r 
v 

c : 

S 57.24 Variances—General. 

57-24-1 Exo.pt at provided in § 57.24-7, 
the Administrator, Mining Enforcement and 
Safety Administration, may, in accordance 
with the provisions of this §57.24, permit a 
variance from a mandatory standard in this 
part other than those relating to exposure 
to concentrations of radon daughters. The 
Administrator may permit such n variance 
only by means of a written decision specifi-
cally describing the variance permitted and 
the restrictions and conditions to be observed 
and finding that, in the circumstances, the 
health and safety of all persons which the 
mandatory standard is designed to protect 
will be no less assured under the variance 
permitted. The Administrator may, in writing 
delegate the authority conferred by ihls 
§ 5744 to the Deputy Administrator, Mining 
Enforcement and Safety Administration, the 
Assistant Administrator, Metal and Nonmetal 
Mine Health and Safety, and the Metal and 
Nonmetal Mine Health and Safety District 
Managers, 

5754-2 An application for a variance must 
be in writing and filed with the Administra-
tor, Mining Enforcement and Safety Admin-
istration, Department of the Interior, Wash-
ington, D.C. 20240. A copy of the application 
must he mailed or otherwise deliveTrd to the 
District Manager of the Metal and NonmeUl 
Mine Health and Safety District of the Min-
ing Enforcement and Safety Administration 
in which the mine is located and a copy must 
be mailed or otherwise delivered to the State 
agency responsible for health and safely in 
the mine. 

57.24-J Before an application for a vari-
ance is filed, the person making such applica-
tion shall give notice of the contents of the 
application to all persons employed in the 
area of the mine that would be affected by 
the variance if granted. Such notice may be 
given by the delivery oi a copy lo each such 
employee individually; or by the delivery o! 
a copy of the application to an organization, 
agency, or individual authorized by the em-
ployees to represent them; or by p i l i n g a 
copy on a bulletin board at the m office 
or in some other appropriate plan :t the 

> 
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mine adequate to give notice to the em-
ployees. An application will be rejected If it 
doe* not show that the notice required by 
this subjection has been given. 

57.24-1 An application for a variance 
must: 

(a) Specify the mandatory standard or 
standards from which the variance is re-
quested: 

(b) Describe the variance requested: 
(c) Identify the areas of the mine that 

would be affected by the variance; 
(d) Give the reasons why the standard or 

standards cannot or should not be strictly 
complied with; 

(e) Specify the time period for which the 
variance is requested; 

(I) Describe the work assignments of per-
sons employed in affected areas of the mine, 
specifying the number of persons having each 
work assignment; 

(g) Explain how the health and safety of 
persons employed in the affected areas of the 
mine will be no less assured if the requested 
variance is granted than through strict com-
pliance with the standard or standards; 

(h) Indicate the authority of the person 
signing the application; 

(i) Include a statement describing how, 
and on vvhat dates, the notice required in 
subsection 5754—3 was given. 

57.24-5 For a period of 15 days following 
the date on vhicn an application for a vari-
ance is filed, any interested person may sub-
mit to the Administrator, Mining Enforce-
ment and Safety Administration, written 
data, views, or arguments, respecting the ap-
plication. Copies of such comments shall be 
mailed or otherwise delivered to the District 
Manager of the Health and Safety District of 
the Mining Enforcement and Safety Adminis-
tration in which the mine is located, to the 
State agency responsible for health and safety 
in the mine, and to the person making the 
application. The Administrator may hold a 
public hearing if he determines that such a 
hearing would contribute to his consideration 

of the application, The Administrator shall 
issue a decision cm an application promptly 
following the expiration of the period of 15 
days and the conclusion of a heating, if any. 

57.24-6 Notwithstanding the provisions of 
subsection 5724-5, a temporary variance Irocna 
a mandatory standard may be approved be. 
fore the expiration of the 15-day period for 
a specified time not to exceed 45 calendar 
days after receipt of the application, if the 
application is for a variance that would, in 
the judgment of the Administrator, clearly 
provide a level of health and safety to the 
persons employed in the areas of tne mine 
that would be affected thereby no less than 
would be provided by compliance with a 
particular mandatory standard. 

57.24-7 This §57.24 does not authorize 
the Administrator to permit a variance from 
any mandatory standard relating to exposure 
to airborne contaminants. A variance from 
mandatory standards relating to exposure to 
radon daughters may be granted in accord-
ance with the provisions of § 57.25. 
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$57.25 Variama-Radun dajighli* 
•tandanU. 

L'nIH Rr.H<ll!Ml Omi.V 

57.25-1 'Hie Administrator, Mining En-
forcement and Safety Administration, In ac-
tord.tnte with the provisions of this §57.25 
is authnriird t(i petmil a variance from 
itjml.ml 57.5-5 in tills Part 57 telating to 
the use of icspiratmi in lieu of environ-
mental control* in mines subject to standards 
relating to exposures to radon daughters. The 
Administrator may prrinil such a variance 
only by means of u written decision specifi-
cally describing the variance permitted and 
the restrictions and conditions to be observed. 
The Adrninisttutor may. in writing, delegate 
the authority conferred by this §57.25 to the 
Deputy Administrator, Mining Enforcement 
and Safety Administration, the Assistant Ad-
ministrator, Mcul and Nonmetal Mine 
Health and Safety, and the Metal and Non-
metal Mine Health and Safely District 
Managers. 

57.25-2 (a) No variance shall be granted 
to the prosiMoni of § 57.5-5 svhich permits 
ati) prison to receive a cumulative exposure 
in excess of 4 WI.M per )ear. 

(b) No variance shall lie granted for a pe-
riod of time longer than that nitrvsary for 
the (i|«-rator to establish environmental con-
trols and tu achieve iniidilious in the mine 
which will assure that individuals employed 
in any capacity in such mine will not receive 
an exposure in ruccss of 4 WI.M per year. 
The period of time for uhirh a variance may 
be prtinitted shall not rvceed six (5) month'.: 
Piotmlfd, hou n<er, That two extensions, not 
to exceed f> months racli, may be granted if 
the trims, conditions. anil other provisions of 
the variance as approved have been met and 
thr hi)!d« of tlie variance establishes that he 
has cxrmicd his best efforts to achieve con-
ditions which will make respiratory protec-
tion unnecessary to avoid overexposure. 

(c) A written application for an extension 
of a satiaiur must be received by the Admin-
istrator at least 30 days prior to the expira-
tion or termination of the existing variance. 
The applicant for an extension of a variance 

shall comply with the filing and notice re-
quirements provided in §6 57.25-5 and 
57.25-4. 

57.25-3 An application for * variance or 
an extension of a variance must be in writing 
and filed with the Administrator. Mining En-
forcement and Safety Administration, Depart-
ment of the Interior. Washington, D.C. 20240. 
A copy of the application must be mailed or 
otherwise delivered to the District Manager 
of the Metal and Nt.ninetal Mine Health and 
Safely District of the Mining Enforcement 
and Safely Administration in which the mine 
u located and a copy must be mailed or 
otherwise delivered to the Slate agcncy re-
sponsible for health and safety in the mine. 

57.25-4 Before an application for a vari-
ance or an extension of a variance is filed, 
the person making such application shall 
give notice of the contents of the application 
lo all persons employed in the mine that 
would be affected by the variance if granted. 
Such notice may be given by the delivery of 
a copy to each such employee individually: 
or by the delivery of » copy oi the applica-
tion to an organitalion, agency, or individual 
authorired by the employees to represent 
them; or by posting a copy on a bulletin 
board at the mine office-, or in some other 
appropriate place at the mine adequate to 
give notice to the employees. An application 
will be rejected if it does not show that such 
notice has been given. 

57.25-5 An application for a variance shall 
include: 

(a) The name and addnu of the appli-
cant and of the mir.e for wiiith the variance 
is icquested. 

(b) A statement thai the application is a 
request for a variance from mandatory stand-
ard 57.5-5. 

(c) A statement that the applicant is un-
able to establish environmental controls and 
achieve conditions in the mine which will 
make respiratory protection unnecessary to 
atoid overexposure and shall set forth (he 
reasons therefor. 

(d) A plan which, on approval, shall be-
come a condition of Lhe variancr if granted 
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which specifies the action* to be taken which 
will assure that when the plan has been com-
pleted no employee in the tiiine will roteive 
an cxpoiutc in exeat ol 4 H'LM per year. ^ 

(e) A program lor respiratory protection 
ol all employees likely to receive exposure to 
radon daughters in excess of 4 WLM per 
year based on current measurements of radon 
daughter concentrations and prior rrcoTd> 
keeping. In ordcT to receive approval the 
program shall meet the following conditions • 
and requirements: 

(1) The program shall provide that em-
ployees shall wear protective equipment which 
has been approved by the Bureau of Mine* 
under Bureau of Mines Schedule 21B, 
"Filter-type Dust, Fume, and Mist Respira-
tors'* (see 30 CFR Part 14, revised edition 
January 1. 1972; 30 F.R. 616, January 
19, 1365, as amended at 34 F.R. 9617, June 19, 
1969): or approved u n d c T Title 30, Code of 
Federal Regulations. Part 11—"Respiratory 
Protective Devices: Tests for Permissibility; 
Fees," promulgated in 37 F.R. 6244, March 
25, 1972, and employees shall be protected by 
the use of such equipment so that their 
annual exposure shall not exceed 4 WJLM. 

(2) The program shall d(.'.scribe the pro-
tective equipment to be employed, including 
the rfifici ency of the equipment for radon 
daughters. Approved respirators of the types 
described as follows may be used in the man-
ner and ciicutnslariccs as follows: 

(i) Approved dust rcspirtors may be used 
for p injection in radon daughter concentra-
tions up to I WL The protection factor for 
approved dust rtipiralors shall be 0.2. that is, 
such icspirators shall be capable of removing 
SO j>ercent of the radon daughters from the 
respired air. 

(ii) Respirators approved for protection 
against radon daughters and those'approved 
for protection against radioactive aerosols up 
to 10 times the MPC may be used for protec-
tion in radon daughter concentrations up to I 
3 WL- The protection factor for such ap-
proved respirators shall be 0.1, that is, the 
respirator shall be capable of rrtnoving 90 

percent of the larlon daughters fiotn the re-
spired air. 

(iil) Approved poweird air-purifying res-
( piratort when equipped with a liigh rffirinicy 

filters ur with a filter approved for use with 
radon daughters may be used for protection 
in radon daughter concentrations up to 10 
W L The protection factor for such approved 
respirators shall be 0.03, that is, the icspira-
tor shall be capable of removing 97 percent 

i of the radom daughters from the respired air. 
(iv) Approved continuous flow air line 

respirators or pressure demand type self-
contained breathing apparatus shall be used 
for protection in radon daughter concentra-
tions above 10 W L 

' (3) The program shall provide that respira-
tors shall be selected, fitted, used, and main-
tained in accordance with the provisions of 
the American National Standard 7J5R.1 "Safety 
Guide for Respiratory Protection against 
Radon Daughters," or ZB8.2 "Practices for 
Respiratory Protection," obtainable from 
American National Standards Institute, Inc., 
1430 Broadway. New York, N.Y. 10018. 

(4) The program shall prescribe procedures 
governing the use of protective equipment, 
including supervisory procedures, and the 
approximate length of time the equipment 
will be used by individuals in each work 

i week. The proposed periods of use of such 
equipment by an individual should not be of 
such duration as will discourage observance 
by the individual of the established proce-
dures, nor should respirators be uvd under 
conditions where they may otherwise be detri-
mental to safety and health of employees. 

(5) Filters on reusable tespiralors shall not 
be used longer than one shiti (8 hours') befote 
changing, and filters shall be changed at the 
beginning of each shift regardless of the 
length of time used on the previous shift. 

(6) The program may consist of the use of 
respirators in combination with work rotation 
procedures or other methods of protection. 

(7) The program shall set forth average 
concentration of radon daughters present in 
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the area* of mine occupied by (he affected 
employee*. 

(8) The program shall contain a summa-
rization of the exposure of affected employees 
for the 12-montli period preceding the appli-
cation by showing on a quarterly basis the 
number cf workers exceeding 1, 2, S, ctc., 
working level months. 

(9) The program shall con La in a descrip-
tion of the work assignments of affected em-
ployees, specifying the numbvrr of persons 
having cacb work assignment. 

(f) Specify the time period for which the 
variance is requested. 

(g) Indicate the authority o f the person 
signing the application. 

(h) A statement describing how, and on 
what dates, the notice required by §57-25-4 
was given. 

57.25-6 While a variance is in efTect, in 
addition to any other requirements of this 
part and as a condition of the variance the 
operator shall comply with <he following: 

(a) .Vfinc atmospheres shall b e sampled to 
determine the concentrations of radon daugh-
ters. 

(I) Sampling shall be in accordance with 
the ptff'"'urea contained in American Na-
tional Standards Institute N 7.1 a-1969, "Sup-
plement to radiation piotection in uranium 
mines and mills (concentrators)," except that 
the sampling frequency for primary air 
rouTses not using vent tubing shall b e at 
least monthly arid the sampling frequency 
for arexs ventilated by wcondary systems or 
through vent tubing shall be a l least weekly. 
Where samples arc required to be taken 
weekly, such samples shall be taken randomly 
throughout the weei in any given work 
place, for example, if a work plate is sampled 
on Thursday al 10 a.m. 1 wetrk, it shall not 
be sampled on Thursday at 10 a.m. the fol-
lowing week, but rather it shall be sampled 
on another day at another tune o f live day. 

(2) Samples used for exposure determina-
tions shall be taken as near as possible to the 
breathing rnne of workers in each work place. 

c 
r 
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(3) Sampling shall be done during the 
course of a tegular work shift. 

(b) Exposure rrcordi f i r each employee 
exposed to radon daughters' shall be kept in 
accordance with American National Stand-
ards Institute N 7.1a-19C9, "Supplement to 
radiation protection in uranium mines and 
mills (concentrators)," except that the inter-
val for calculating cumulative exposure shall 
be monthly, 

(c) Clear and legible forms containing the 
same information as given in Appendix C 
of Amwir in National Standards Institute 
N 7.1a-19G9 shall be uved for recordkeeping. 
Occupancy time shall be recorded lo the 
nearest half-hour. Periods of respirator use 
shall be clearly indicated on the form includ-
ing the protection factor for each respirator 
used. Annual exposure shall be kept on a 
calendar year basis. The annual period shall 
start on the first Sunday of the year and end 
on the Saturday preceding the first Sunday 
of the following year. If existing timekeeping 
or recordkeeping procedures make this im-
practical, another period may br used that 
starts as soon after the first day of the calen-
dar year as practical and that continues to 
an equivalent day of the succeeding year so 
that all days are covered. 

(d) All sampling and exposure rrcordi re-
quired to be kept by this § 57.25-6, or any 
provision of the variance, shall be open for 
inspection by all affected employees, repre-
sentatives of employees, State agencies, and 
authorized representatives of the Secretary of 
the InierioT. 

(c) American National Standards Institute 
N 7.1 a-1969, "Supplement to radiation pro. 
tcction in uranium mines and mills (concen-
trators)", is obtainable from American Na-
tional Standards Institute, Inc. 1430 Broad-
way. New York, N.Y. 10018. 

57.25-7 (a) Tor a jxriod of 15 days follow-
ing the dale on which an application lor a 
variance or extension is filed, any interested 
person may submit to the Administrator, 
Mining Enforcement and Safety Administra-
tion. written data, views, objections, or argu-
ments respecting the application. Copies of 
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such cum turn u shall be mailed or otherwise 
delivered to the District Manager of the 
Metal ancj Vontuetal Mittr Health and Safety 
District of the Mining F.nforccrncnl and ' 
Safety Administration in which the mine it 
located, ami to the State agency responsible 
for health and safety in the mine. The Ad-
ministrator jnay forward copies of such data, 
views, objections, or arguments 10 the appli-
cant aficT removing any identification of the . j 
Mjiircc of such comments, if requested <o do 
so by the person filing such comments and 
such person is an employee in the mine for 
which the variance or extension is reque?:.~<;. , 

(b) Ujxsn the written request of ai., af-
fected party, made and filed with the Admin- ' f 

istralor within J5_days following the date on ! 

which an application for a variance or exten-
sion is filed, the A<lministrator shall hold a 
public hearing to consider the application. The ' 
Administrator ou bis own initiative may hold 
a public hearing on the application. A notice 
of the time and place of such hearing shall 
be published in the FROERAI. R E G I S T E R as soon 
as practicable after receipt of the request. 

Requests for hearings shall be addressed to 
the Administrator and copies shall be mailed 
or otherwise delivered to the District Man-
ager, the State agency responsible for health 
and safety in the mine, and the applicant. I 
The request for hearing shall include a con-
cise statement of facts showing how the per-
son requesting the hearing would be affected 
by the variance or extension, if granted, and 
shall also specify any statement or represen-
tation in the application for variance or ex-
tension which is denied or contested, and a I 
concise summary of the evidence that will be 
adduced in support of such denial or contest, 
and any views or arguments on any issue of ; 
fact or law presented. t 

(c) The Administrator may o u s e radiation 
surveys to be made at the mine when he 
deems such necessary to assist him in his con-
sideration of the application for a variance j* ' 
or extension. » 

(d) The Administrator shall issue a deci-
sion on the application as soon as practicable 
following the expiration of the period of 15 

days, or the conclusion of any hearing held, 
or completion of radiation turveyi which may 
be conducted. 

57.25-8 Notwithstanding the provisions of 
§57.25-7, the Administrator may issue a tem-
porary variance, specifying the uimlitinru 
thereof, for a pcritxl of tune, not to excrrd 
60 days, necessary to ;H.-rrru'i Jiis full consid-
eration of an application made under the 
provisions of § 57.Z5. 

57.25-9 (a) The Administrator ma) make 
such changes and impose such conditions in 
the applicant's plans for establishment of 
environmental controls, program of rrspira-
tory protection, sampling procedures and 
recordkeeping, and other matters, as he may 
deem appropriate before granting a variance. 

(b) The Administrator may at any time 
while a variance is in effect cancel, revoke, or 
make revisions in the terms and conditions of 
the variance if he finds that the plans or 
programs which have !K-OI instituted are not 
accomplishing the expected results, or changed 
mine conditions prevent the plans and pro-
grams from functioning as intended, or the 
operator fails to observe the terms and con-
ditions ol the variance. 



5 57.20 Procedures. 

NOTIFICATION OF C O M M KNCEMENT OF OPFXA-
TIONS AND CLOSING O F MINES 

57.26-1 Mandatory. The owner, operator, 
or person in charge of any metal and non* 
metal mine shall notify the nearest Mining 
Enforcement and Safety Administration 
Metal and N'onmetal Mine Health and Safety 
subdistrict office or the Stale agency if the 
mine is located in a State which has a State 
Plan Agreemen' :n effect, before starting 
operations, oC the approximate or actual date 
mine operation will tommrnce. The notifies* 
tion shall include tl.e mine name, location, 
the company name, ruailing address, person 
in charge, and whether operations will be 
continuous or intermittent. 

When any nine ii closed, the person in 
charge shall notify the nearest subdistrict 
office or State agency as provided above and 
indicate whether the closure is temporary or 
permanent. 
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a«J cŵ t. 1 . --
afca trots .uvTet}' And health 

Ira of entry. i ĉ  pri.ctliXi for lulrainlBtrr.-tra tdJutllirAioni Tc«r oaTorDa-
Eieas ce aoTt-ly and hpaltti 

Supp̂lt •>—fjor̂ of InK'Tp̂ofclJOni 
} - C>ct. c.: Ccvs'.-tcci Uadif D&ctlon 303 of tho 

r.ct (ILA'.zisutUJKi. . • • -. -i acoi-Eooiaitlô . Pita Ho. 14 o5 iCiu. • 
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llGtiSH, i'iro pjro'X'ctJ&a proventloa. • 

SubfKJrt E—I'triancJ 7ratoctivi> ond Uf» larltvg 
JM8.1D0 1360.(1 protoctlaru • 
lWtJ.101 H«rta(jprotecXSoa. ". .,.-..< 
1026.103 Xjo and r»ce protection. " ^ ' 1S3B.103 BespLr»tor7 protection. 1920.1M . Safety bolts, Ufellnei), «a£ Jan-• - - •:•. T»«I». " .'-1.' .>' 1M6J0S . Balwtynets.' • -
1026 .106 •WorWnj; ovisr o r noar-sTftter. 1S2Q.107 DcanJ'aoia appUcaM* t» ttdji • 'S • cubpart. —• 

Subpart F—Flro Pfolorfliwj and ?r»v»nflon 
1938.160 Idrc protection; 
ISae 151 yiro prevention. 
1926-152 Flammable and oomburttbJj 11 cj-

tilels. _ . . 
1936.153 LlqucH&d petroleum gna fU-~ Gaa). ' . 1926.154 Temporary heating de7ieea. 
1936JS5 D<rinlUori3 appUcabU to ~UUs 

e-ubpart. " 

Subpart G~Sigm, Slgncls, end Eorncadn " 
18S6.2CC Accident prevention rl̂nj" and 

tag*. £C26201 Signs ling. . - • ' . ' " • 1028JCO BajTtcadeE. -lQZBlU'J DefLoltlonx, appllcablD to tills ~ cubjxirt. 
Subpart H—Materials KondTllng, Slerog», Cjb, 

. ^ and Disposal ~ ^ ' 
1923350 General requirements foe storage.' 1939.251 Rigging equipment for material handling. • 1034.252 EHsposal of wsjte materials. 
" Subpcrf I—Tools—Kond anrf Power 
1S"_>SJ300 General reqtilrementa. . ~ • 1938.301 Hand tools. * "... isaa202 yower operated hand tools. -1926.303 Abr&Mvo wheels and toola. ' • .. 1033504 Woodworking tools. _ -1S26.20& ' Jaclca—lever and ratchet, BCroU . - ~ . _andhydraulic. 

' • 5ui>ptirt J—Wolding and CirtSIn® * " 1920250 Gu •sraldlng tnd cutting. "" " 1928̂ 51 Arc welding and cutting. r- 7 1026252.. yire prtreentloc. - . • ' .' lOHŜ SS Ventilation and protectionJ tn. ••- veldlcg. cutting, and heating. 1025£&i Welding, cutting ajid beating to -aray of pr»£rrxtiT0 COfttinga. 
. Subpart EC—EIMMcoJ • 

1626.400 General requirement!. "•• • IBia.SOl Oroundlng and bonding." ' , . 1OT6.403 Equipment Installstton nn& mala-- ' - * tenanoa. - - ' 1S08.W0 Battery rooma and hatter? cJinrg-
• - lug. ' . -,— „-•. 

Subpart L—lo44*n tmd StaffoloTina 
JJ'Ze.ilM r*4d«ne. ^ . 1038.4B1 Scaffolding. ' " . I»20 4t2 OeOnltJozu â pUcwUe to tXili cub-.' - p&rt. . , . .. 

Sulopcwl M—-floors and Wali Up̂nlr.'jT, crto Sfairways "' 
1B26AOO Oujirdrnll'., fcuulmHK, t.r.d ooieri. 1928 601 Btalrwaya. 1926MK1 Detlirltlona app'.lcii't,i<. Lc. liii. nb-• ' - part. 
Subpart N—Crones, DurridiJ.. MfUTi. tW»a!or». • cxnJ Ce>o*-iyiirc ^ - ̂  
1&28J5O CnUMrS itsd den-icii 1D2SJ5S1 HellcopteTa. • - • 1028552 Matorlal hoists, •ptmoZiZiA iioljta - " - and <jlcvt.Ujni. ID28£SS ' 3a«e-mounte<l dru:a lie 1920̂ 54 Overhead hoists. . -- . ~ . "1528 555 Conveyon. • 1920.SM AerlUlinis. * ' " 
^^ Subpcrt O—Molw Voider.. 
f . £tjutpm(.nt, t>rw£ O;. >ret:1 jn 
1B28 600 Zaulpinent. " 1928 &01 Motor vehicle. 
11(28.602 MattrtiJ hJUidli-n̂; epi 1923.60S i>U/> driving ĉ rulprct̂ -1028.601 Bltscluarlnf. 1928.805 If&rinc optn.i:o3Jt sunt ' .. 1928.608 Deinltlouii upptlcr-ble to ttis ruh-

purL 
S u b p a r t P—Ejcasotlons, Tttncbint, a n t 'jhiring 
1928.050 Genersl pruterttos 1926.851 8pecWc cxcivctloa 1£23.4352 SpeciSc treac.hTrg 1928.653 !>2finlt!on4 uppllciKts to tbl;; cui-pari. 
_ Subpart O—Concnsts, Concrol« Forms, a!%J ilhcrt-ic 
1928.700 Genoral proridoriz. 1925.701 'JorzoB end tiarllij. 1926.702 Dellnltlana i.ppKcj")'̂  to ttib iral>-

' - ' . • ^ 

' - T Subpart 2 — K W CraCioa - -
192« 150 1-looriac n_ rfalrijioritz, . 1920.751 Btructurr.l itoal n̂ mhlj". * • 1930.753 Bolting riveting, s.tctnc-'ap, una pj umbi ng-vrp. 
• Support S—Tann«ls nr.a Sriurvs.. CftUtofw1, Ct>ff»rda.iii, end Czmprmt̂ a Mr IPSe.COO . TnaaolJiuul ̂-•."i.. 1928J301 Catoona. 

1Q2Q.B02 Cofferdi-aii. 19280303 Ccmpre«Mt(i uii-. 
1928 803 DeSnltSnci r.pp!)c.bl-u tV.ii 1rjTo-part. _ • 

Subpart 7'—Oi.molii'Ui'i 
1928.050 Preparatory opcratlonM. • 1928.851 StAlra. itar,' IzCC-t.-z. 2928.312' ChUtK-lt2S.a53 EerooTttS oif raattrL-Ji -,-. . « Soor opealassj. 19S/3.&5-i Barao-ra.1 o1 n-oaa, iaat'OTvry 1M0-- ttons,aa<S nhlcnneya. . 1920JS55 Man-Ui. rBtnorsj erf Ccori. -1928.35a Keico-ruS a. x.-alls. iiUv.—j, and 

- raatcriol ritSi ô -Ĵ r.cî ai. 1&2SJS57 Storâ i. '.. % -2MS.&J8 SejncTfll efuisd oeaa:tr'~.:aesi, ISM.SiS UocbaaiCE: damanvicc. " " . 
1P2SJS50 Se]oetiva drttnaSiitoa Sj1 
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(f) The telephone numbers oi the 
physlcla.ru, hospitals, or ambulances 
shall be conspicuously posted. _ _ ^ 
§1926.51 Sanlt»Uoti.-,~ • -
(a) Poiabls water, (i) An adequate 

supply of potable water shall be provided 
la all places of employment. 
(2) Portable containers used to dis-

pense drinking water shall be capable" 
of being tightly closed, and equipped 
with a tap. Wafer shall not be dipped 
from contc.lneri. -.".. V- -" 
(3) Any container used to distribute 

drinking water shall bj clearly n. turitcd 
as to the nature of its contents and not 
used for any other purpose. -
(4) The common drinking cup Is pro-:, 

hibitcd. '. - —" • 
<5) Vfhtre single service cups (to be 

used but once) arc supplied both a sani-
tary container 'or the unused cups and 
a receptacle for disposing of the used 
cups 6hs.Il be provided. . " 
(b> Nonpoiable wate(1) Outlets for 

nonpotable water, such as water for in-
dustrial or Greflghting purposes only,' 
shall be~ldentlfled by signs meeting the 
requirements of Subpart G of this part, 
to Lndlcx-te clcarly that the water is 
unsafe and is not tu be user?. for drink-
ins. washing, or ccoklng purposes.. 
(25 Thc.v shall be no croiw-connection, 

open or potenUaVbctween & system fur-
nishing potable water and a system fur-
nishing nonpotable water..- _ • 

Toilets at construction JoVsites. 
(1) Toilets shall ba provided for em-
plcyees according to the following table: 

Tabls XVI -' . ' 
Number of ' ~ 
cmplcrjeai JUntrn um number of facilities 
2 0 o r J 1 . 
30 or znon j . 3 toUert iwftt a n d 1 u r i n a l pa 40 woitars. ~ 
300 or 'J t a C e t s ea t an<3 1 u r i n s J j>cr 

znoro. _ 50 TForters, -
<2> Under tempftrary field conditions, provisions shall be mad& to assure not less thxm one toilet facility Is available. {;;) Job sites, not provided with a san-itary sewer. shall be provided with one oi' the following toilet faciliUea unless prohibited by local codes; ->':. ~ ------
CD Privies (where their use will not contaminate ground or surface waterJj - (ii> Chemical toilet®;.v 
(111) Recirculating toilets;-"'----.- _•>_ 
tiv) Combustion ioiltta. - • (O Tho requirements of this para-graph <v'> for sanitation facilities shall :lr,t apply to mobile crews bavins tran-s-rorts-iion readC,j s-YBSlsiHt. to nearby toilet facilities. - > " "<": ' 

' Cds Food rumdSncr. ATi employees" food service laciUUes and operations ahaH 
rr.ee i the appHcablela's-rs. ordinances, and njfruiaUons of the jurisdictions in which the? are iocstad.- - — -; _ 
(s> 'Scrmporarg ' sleeping Quartern., W*ien temporary sleeping1 quartern ej© pro7i£;-d, they ahull be heated. ventilated, •.-.•ad aghtstf— • ; •-• - - — 
(D WesTiSits facilities. The employer rjis.ll i-r.xMds? adeqeste washing facilities £or employees cmguaed In. the application oi' paints, tcatmg, herbicides, or Insect!-

JSSJKJ, cr otbar operations •«here coa-Saalaaai-'i zaay la hanafsS to "the era-" 

RULES AND REGULATIONS1"-." . 
«. * 

ployees. 3uch facllltlea shall "be lis near 
proximity to the worksite and shall be eo 
equipped us to enable employees to ra-
mova such suhstanccs. -'' - ; - -
Cg> rKevoTccsU • - • •••.•• * - ' -: 

1926.52 Occupational noUe eiposura.-
fcJProlectJcrn agrainst the etiectz of 

noise exposure shall be provided when 
the Bound levels exceed thosa shown In 
uncd on the A-scale of a etandarA soxuid 
Table D-2 of this section when meas- _ 
level meter at slow responsa,- • / 
fb) When employees axe subjected 'to' 

sound levels exceeding those listed in 
Table D-2 cf this section, feasible arl-
ruintstrative . or enginc-erlnff controla 
shall be utilized. If such controls fail to 
reduce'sound levels within .the levels o." 
the table, personal protective equipment 
as reqfulred in Subpart K, shall be pn>-
vlded and used to rttduce sound level; 
within the levels oi the table. • 
(c) If the variations in noise level In-

volve maxima at intervals of 1 second 
or les3. It is to be considered continuous. 
• (d) Cl> In all cases where the souna 
levels ekceed the values shown herein,, ft 
continuing, effective hearing conserva-
tion program shall be administered. _ ; 

7 Ta gu t T>~Z—iPTi iMHsrau! Nouc : Hsroevvxa, 
- r " - Sound Xetrtl 

dBA jrloss v 
response -' 

.: ' DO 
Durstlors per day, hour*;- - ;" 
8 1 — " — ' 

% sir leas T 

03 fiS 37 100 
103 106 
110 11C 

(2) (D When the dally'naise esposura 
Is composed cf two or more periods cf 
noise exposure of differeat levels., their 
combined effect should be considered, 
rather than the Individual effect of each. 
Exposure to different levels for various 
periods of time shall be computed ac-
cording'to the formula set for th in sub-
division (li) of this subparagraph. •<li>. - • , " r - - - •- 7 . - " -J'"- Tj " y. —-i—-f. •. -S—» « • 
whftro: ̂  ' " -" &q\ilvjJoat noljvo exjx»ure inctox. 
T~The period at noiso eipooura at any • ensootjally constant loroL -Z,=The duration ol the pormlnsJbto ablaa , • - axpozun at tho ooaataut lovol (trots 

. u . " " ' • - ' - : •• J- ' 
If the vtilus of F. exc-eods unity C15 tha 
exposure exceeds permissible levels.' -
(ill) A sample computation showtog 

an application of the formula in subdlvi-
sion (12) of this paragraph is bjs foBowa. 
An employee is exposed at thesa levels 
for: these perioac: _ ̂  --" ' 
- 110 dbil % hoa.. ̂  Vv-."7".:"'/- " ico tfna % mice. I.- - ---̂ .̂•"--.--K"" • 
.£0 <Xb& 1JS lumres-? ^ ^ 

• ; ..'• —-irr^.-'-" •- % . a*, a 

. . r- „ -

Since the valus O:V V. ac,OJ not excccd 
unity, tJie i;ipoyurj ii, wlUiki pernil.v;lblo 
limits. " . • -
(a) Exposure to or impact 

noise should not er.ĉ ed MO AT, peat 
sound pressure liivd.. • • . 
g 1926.53 Tonl/irip raiJinti.Wî. 

constructloa aud related ac-
tivities Involving thi. u.'a oi jiourtsa of 
Ionising l-adlatloa, tho p'jrUniint pro-.-i-
riona of the Atomic 'Ener©' Comrnls-
Blon's Standards for Protection Acaiust 
Radiation (10 CKH rv̂ t 20), rpjutliy.f to 
protection against occupailonal raoit-
tlon exposure. sha3 apply. • • • 
Co) Any lictlvity which Invo'.via tlie 

use of radioactive materiala or TC-raya. 
whetlier or not urxcVer license irom tha 
Atomic Snergy Coaun-isiorv shall be per-
formed by competent persons specially 
trained in the proper aiii Jd? operation,. 
of such equipment, la. U':o cf̂s;.- of ma-
terials used" uiidCi.- Commls.iiori "lleenijs, 
only persons actUKlly licensed, or compe-
tent person:.-, under »JLrpclloc anii mipiir-
vUSon of the Ilcem-x-e, rtii-.Ti perform iruch 
wori. . . . . 
§ I926.S-C IVocl Jonir. 1 n di c.!I- • 
5a) Only ami traisfeS -em-

ployees Shan Tx; lisjdgiioci to install, ad-
just, and operate l&ssr equipment, -J. 
" - (b) Proof of tjuali/ic.-itlori of tiis laser 
equipment operator Khali ho available 
and In .possession cf the operator at KH 
times.- • • - . 

. ' <c> ESnpioyt̂ :, vrheb worldaa In *nwB 
ic which a i>oter.i:;C cxp.ji5uro V5 direct 
ot reflected laser light zrealer than 0.005 
watts (5 milliwatt's) eilsta, shall be pro-
vtfiad u-Ith antiluser eyj prot̂ 'Ucn de-
vices as specified ir. Snbpa.rs B of this 
part. - _ ... 
(d) Areac' In" which la.-̂n;" ?.ri used 

shall be pcste-5 witli standard la-*,er 
weming plicarcLL •>• _ . --•- -
(e> Beam uhuti«n; or c&pa shftll be -

•utilized, or the la&ai- turazsd ofX, when 
laser transmlssiort J.c not iictually re-
quired. When the laser la left unattended 
for a 'subsUuitiju p«n.od cf tim-s, i;uch as 
durlns lunclrf houx, oynraisht, car at 
changa cxf shifts, the iaser shall be tnruijd 
ofil.-. — ' . -w'.....-1. - .-
(f) Only mschiunicru electronic -

means, h'nsll bi tisaS tv: a dii&ciaz for sruldlns th'j lnt«raa2 nlJx-miriit of vhc ' 
, la.war. "t • ;; -« 

(Z> The laser biri-t" so'w? iiot be- di-
rected jit euiplô wa. — _ '" -- • t~ 
J Ch> Whs.ni 5t r.iii-il.-x. w icaovAna, or 
•when Si t-ir.i cr la Sht) e.ir, tiio 
"operation o-f Iw isy3fĉm;i r.hr.Vi be rn-o-
îdblted when; ...acliciiTjile; in iiay cv̂ nt, 
"employass alisH be i fr..>7, caix. of nuiL't- oi 
• the area of 2x1u.rf.c- nnd taryrit, uii/ing 
irach vreather condltioas. * .. 
(15 I/as&r egiripmeu'o rjisUb-jiu- a Isbci . 

to indicate m&xlxmira output. 
~~ 'fj)-HrajJiweeo sĥ Xi aô . b® ci-iwsê  
.. to light Ĵ tansitfes a-bcr/u-:-- — 
• •• . <1> Direct staring: r ii'Jcro-Kpt's per 
c<juaro "centimetccr; • *. » -
? (2> lncideatL.1 oW-uring: 1 milliwatt 
"per r.quars ceutlmetai*;. 
'! • a) O-ifru:.^ TiSlL-cVaJhshi: Tratts 
jwr sqparo csntiir/y;̂."-.- - . - ..t - / 
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until the members arc. secured with' not 
Icui than two bolts, or the equivalent at 

- ch connection and drawn up wrench 
.ht. • • . 
(b> Open web steel Joists Khali not bo 

placed on any structural steel f rame-
work unless such framework la safely 
bolted or welded- "7 . 

(c) <11 In steel framing, where liar 
jolits are utilized, and column* are not 
f ramed la at-lcaet two directions with 
structural steel members, a bar Joist shall 

_ba fl eld-bolted at columns to provide 
lateral stability during construction. 

<21 Where longspan Joists or trusses, 
40 feet or longer, arc used, a center row 
of bolted bridging Khali be Installed to 
provide lateral stability during construc-
tion prior to slacking of 'hoisting line. 

<3) Ho load shall be placed on open 
web steel joists until these security re-
quirements are met. • -

(d) Tag lines ehall be used for coil- -
trolling loads. . - i • 
§ 1926.752 Bolting, riveting, fitting-up, 

*rid plumliing-up.- • --". 
(a) General requirement*. <1) Con-

tainers shall be provided for storing: or 
carrying rivets, bolts, and dr i f t pins, and 
secured against accidental displacement 
when aloft. * 

<2> Pneumatic hand tools shall be ells- ' 
connectcd from the power source, and 
pressure in hose lines shall be released, 
before any adjustments or repairs a rc 
made. 

<3> Air line hooe sections shall be tied . 
together except when quick disconnect 
:ouplers are used to Join sections. 

(4) Eye protection shall be provided In 
accordance with Subpart E of this par t . 

<b) Bolting. (1) When bolts or dr i f t 
pins are being knocked out. means shall 
be provided to^keep them f rom falling. 

(2) Impact wrenches shall be provided 
with a lucking device for retaining the 
socket. ' ' 

<c> Riveting. (1) Riveting shall not be 
donu in the vicinity of combustible^ 
male-rial unless precautions are taken. to 
prevent fire. - ', ' ' • • 

(2) When rivet heads are knocked off," 
or backed out, means shall be provided to' 
keep them from falling.-'- " 

(3) A safety wire shell be properly in -
stalled on the snap and on the handle" 
of the pneumatic riveting hammer and"" 
shall be used a t all times. The wire size 
shall be not less than No. 9 (B&S gauge) 
leaving the handle and annealed No. 14 
on the snap, or equivalent.- -'•'• 

<d> Plumbing-up. <1) Connections of 
the equipment uied In plumbing-up shall 
be properly secured.' «•-.-'-' ' ' 

12) The turnbuckles shall be secured 
to prevent unwinding while under stress. ' 

• (3> Plutribing-up guys related equip-
ment shall be placed, so tha t employeea 
can get a t the connection points;- - . -

(4) Plumbing-up Buys shall be r e -
moved only't inder t h e supervision cf s. 
competent person.11 • ".•...' '.. r -
' Ce) Wood planking shall be of proper 

thickness to carry the working load, bu t 
shall be not less than 2 Inches thick fuS 
size undressed, exterior grade plywood, 
a t leasA %-lnck thiciC_ or equivalent 
MATERIAL V-. T . -- ' - * I-." V- ~ . 

» - . . . _ - , -<t •• - > r 

• • - - . - .- - V > V - - -S' 
- *. • "" .'.': .!'•' FEDERAJ. 

" RULES AND REGULATIONS-
(f) Metal dccking of sufficient 

strength shall be laid tight and secured 
to prevent movement.' - • , 

<g) Planks shall overlap the bearing 
on each end by a minimum of 12 inches. 

<h) Wire mesh, exterior plywood, or 
equivalent,'hhall be used around column*. 
where planks do not fit tightly,. 
(1) 'Provisions shall be made to secure 

temporary flooring against displacement. 
<J> All unused openings in floors, tem-

porary or permanent, shall be completely 
planked over or guarded in accordance 
with Subpart M of this p a r t . 

70 

' fc) Air Quality and Vcntilailon—tl) 
Mr quality and Quantity. (U Instruments 
shall be provided to teat the atmosphere 
quantitatively for carbon monoxide, 
nitrogen dioxide, flammable or toxic' 
gases, dusts, mists, and fumes t h a t occur - -
in the tunnel or shaf t . Tests shall be con-
ducted as frequently RS necessary to W-
sure t h a t the required quality p-nd cr.irui—-
tity of air is maintained. A record of all . 
tests shall be maintained and be Vept 
available. - " -
- (11) Field-type _oxycen analyzers, or •. 
o ther suitable deuces, shall be used to . (k) Employees chaH fcxs provided „ test for orygen deficiency. 

with safety belts in a/ccord&nca with 
5 1926.104 when they are -working on 
float scaffold*. • 
Subpart-Ŝ —Tunnels and Shafts, Cais-

(iii) Respirators shall not be substi-
tuted for "environmental control meas-". 
ures. However, where environmental 
controls have no t ye t been developed, or 
when' necessary by the na ture of t h e . . sons, Cofferdcirm, and Compressed involved' (for' example, welding, : 

Air v : •--..:-. - " - - -
g 1926.8Q0. Tunnelj and sba fu . 

(а) C ineral. (1) The specific require-" 
rnents of this Subpart 3 , Tunnel.-:, Shafts , 
Caissons, Cofferdams, and Compressed 
Air, shall be complied with as well as tho 
applicable provisions of aH other sub-
parts of Jhis p a r t • ' -

•" (2) Safe means of accp^s shall be pro-
vided and maintained t o all working' 
places. " , — . T-• • . ' -• 

(3) When" ladders and s ta i rways 'are 
provided in shaf ts and sU-ep inclines, 

' they shall meet the requirements of Sub-
par ts X. and M of this par t . 

<4) Access to unattended underground 
openings shall be restricted by gates or 
doors. Unused chutes, man-ways, or other 
openings shall be tightly covered, bulk-: 
headed, or fenced off, and posted. Con-
duits, trenches,'and manholes shall meet 
the requirements of Subpfu-ts M anil P 
of this part. - . - • -

(5) Subsidence areas tliat present 
ha7.ards shall be fenced and posted. 

(б) Each operation shall have a 
check-in and check-out sys tem' that will 
provide positive identification of every 
employee underground. An accurate rec-
ord and location of the employees shall 
b e kept on the surface. -
- Cb) Emergency provisions. -(1) Evac-
uation plans and procedures' shall be 
developed- and made 'known to the 
employees. • .•.••••<-.-Xr; -

— (2) Emergency bolsttog facilities shall 
, be readily available at sha f t s more than 

50 feet in depth, unless hoisting facilities 
are provided tha t are independent of 
electrical power'failures. A boatswain'n — . . . , T . , 
chair shan-mee t , the requirements of pereon awS determined to of-
Subpart L of this part. ' • B&mmablc ebs before power 5a 

• (3) Bureau of Mines approved self- a n d w o r i resume<L_. - " ' . " ; . ' . - . : " 
rescuers shall be available near the ad - When the main f an or J&pjs hayc 

" m c l n e "face to bquip each face em- shut down rttt d l employe® out 
, _ . • , » . „ . . of tiie acllt, tunnel o r shaf t , no employee. • ployee. Such equipment shall be on the o t h e r ^ ^ q U i v l i a e < 1 ^ 

haulage equipment and in other areas t h e sdi t , tunnel, p r shaf t , or otoer uu - '. 
where employees sniglit be trapped by thorizod cmpToyee, ahall co 
smoke or bbs; and shall be" maintained. until the fans have been. ihs 
In good condittosr - ' - ' - '• ' w • wnrit' areas examined for gas ruid other* 
:• <4) Telephone or other signal commu- - declarê  V. 
ninnUnn shidl W nrovidp/" between th 'e : - T b e supply o i trc&h ali" di -.13 rucation shall be provided bt.ween tne b f i l f S S ^ ^ 2 0 0 ^ ^ p c r ^ f a r . : 
.jwors face, and the txirmel portal, and ^ employee underground. The liafca*;'-. 

sand blasting, lead burn ing) , a n em-
ployee raay work for short periods o f 
t ime in concentrations of airborne con-', 
t aminants which exceed the limit of per-
missible excursions referred to in sub-
divisions Civ) and (v) of this subpara-
graph, if such employee wears a respira-
tory protective device approvud by tiao 
Bureau of 7«tines as protection against 
the part icular hazards Involvc-A • . 

•: Uv) The exposure to airborne COD- ' 
t aminants of an employee -working in a 

" tunnel or shaf t shall not exceed the " 
threshold limit vaiucs adopted by tbe 
American Conference ot Govcramentel ~ 
Industr ial Hygi'enists, as set fo r th and 
explained in t h e 1870 editioc" of 
"Threshold Limit Yriues of Airborne 
Contaminants." ; - • - \ — 
- (v). Employees" shall be' wiUisirawn 
f rom areas in which there is & concentra-
tion of an airborne contaminant which 
exceeds the threshold limit value lisi^d 
for t h a t c o n t a m i n a n t , - • . -• 

(vi) Atmospherea in all active area® 
shall contain at least 20 percent oxygen. 

<2) Ventilation] a ) Tunnels shall be 
provided with mechanically Induced pri-
mary ventilation in ail work p-reas. T h e . 
direction of alrfiow shall be reversible. 

(ii) Ventilation doors, not opc.-aUsi • 
mechanically, shall b e designed and in-
stalled co tha t they are self-closing and 
will remriln closed regardless of Uie <21- • 
reciion of t h e air movemenfc. " 
" -till) When there h a s fc^en a faiiurc or 
ventilation, and ventilation t«ren_ 
restored in a 'reasonable time, plw-ca' 
where flammaWe gas M A V B N V E !;CCIIOTU-_' 
lated. shall be examined by' a cv;c: jX't̂ *n't. 

- \ 
mii •* • . 
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la Uio.'.c tunnels whore blasting nr rock 
drilling conducted or where there are 
other rnnrlitlofiH thai Arc likely to pro-
duce ilLiflU, lumffl, vaporn or gasea In 
harmful quantities. i , , 

(vt) If 1.5 percent or TiliiTicr concen-
tration ai Jlainmable t;aa Is detected In 
JULIT returning. Irom an underground 
working pi ace''or places, the employee* 
shall be v.lthdrawn and the power cut 
off lo the portion of the area endangered 
by such flammable gaa uutH the con-
fcntniLlan a t such gas Is reduced to 1 
percent orliiss.' , . 

(viO Internal combustion engines 
other than mobile dlcsd rfin.Il riot be 
iiicd underground. Mobile dlcsfll-pctvered 
equipment it«cd "underground rfmll be 
collided by the Bureau of Mines, US . 
Department of the Interior according lo 
the Bureau of JMlnes • publication. "Me-
i-ift:ilcal .Equipment Jar Mines—tests roar 
permissibility and .suitability. P a r t 32, 
Mobile Diesel Power Equipment for Non-
CoiLl Mines, Schcdtfle 24" of Marfch 23, 
loasL ' •. .' • v? • .:.:. -" • 
Id) JVumi-nation. (X> Sufficient light-

ing tibim be .provided, In accordance with 
the requirements of Table I>-3 of Sub-
part. D ol this pari, to permit .safe opera-
tions a t the face AS wen as In the gim-
t-ml tunnel or shaft area and a t the 
cjjjployeee' workplace. • . 

(e) Fire prevention and control—(1) 
General. (51 The requirements for lire 
pri'\rnVon and protection specified In 
Siibpari y of Uili pari shall he compiled 
with In all iiu'.ncJ and shaft <>peraUonE. 

fill SIg»s warning against smoTclng 
anil open flames J&hall he posted BO that 
they can he re&iWy seen In areas or 
placts where fi-re or ^xplodon Itazarda 
Mist. . -

(1U> 'I"hi carrying of matches. lighter* 
^u j athrx Aamc-i>rochidng rraottag ma-
"UT IJOS jOiall "be prohibited In nH nnder-

rj'o'ind operations where flre or exjilo-
sloti hazards esbft. r . " • . 
Civ) Wot more than a 1 dai's supply of ditnel furl shall he stored under-ground. - - ' 
(v) Gar.oline or Bq.ieJled petroleum 

gases :>mn no: bo taken, stored, or used 
utai.Tirround. . 

Oil, grease, or fuel stored tmder-
gnvirid shall be Xepl In tlcbtly scaled 
containers lu tire-resistant areas, at safe 
distances frond. explosives "magazines, 
«>ctrirs\l 5ni,UiThO!on.%_ _ and shaft 
ist.idons. ( . * ' " . ' • " 

Cvtn Air that has j/aised through un-
deitround of! or fuel-storace P-roas shall 
not be vir.ed to ventilate worklns areas. . 

^i iO Approved Src-j-esktan;, h jdrau- ' 
:'r fluids sIkiD bs iiicd In MydmallcalLy 

; '•••Ccti lin^trground machinery and 

C.x) Fires shall not be buHi tznder-
pytiad. ' •" ' - •'* t ' 

is? NorKwnbti/rUble harriers 6haQ ba 
instaUce! biHav "vrcldhic or burning op-
cratjtms in -or over a shaft or raise.' • <xl> Fire eitlnculshers or cquivaleni proifvilon shall he provided at the head and uiH puHt-ys ol aiidt;r£roundhe1t con-vc>-ors and tit SOO-foot lntcrv;Os slons the "belt Ran. . " " " . 
<kI).~> Al o,'>erntlona. employtrn; 

23 or meat employees at ccte tlnve onder-

RU1£S AND REGULATION 
t:round a t least Iwd ruw:ue crcwji (lfl 
einployei'ti divided hetwwn r.hlfts) lihall 
be toTilned annually In rwicue procodunat 
la the use, cart; find lUiiltnUona o l o iy-
Kftn hrcaUtln* aippaxatti», and the um 
and malntcntince of flrefluhUng equip-
ment. Not lc.is than one crew <5 cm-' 
jiloyceg) ^haH ho trained a t smaller 
operations.. : . ,* . 
' (f) Personal' protective . equipment. 
Protective clothing or caulpment eh all 
be worn as specified In Bubpartc D end 
E of this part. -
. (g) Noise. (1) PdrmhJ'.lbtQ' nolte es~ 
posurcs Khali conform to liiose tpeclfled 
in Subpart D of this part . 
(l\J Ground aupport—CD Tunnel por-

tal area. Portals Bhall be protected and 
supported where loose Boil or rock o r 
inu.tured material is encountered. 
' <2) Tunnel area, ti) The employer 
shall examine and test the root, face, 
and -.rails ol the wnrlc area a t the start 
of each shift and frequently thereafter. 

(U) XjChxc eround shall be taken down 
or eupijoj-ted. Ground <.-ohdltlon» along 
haulage -ix&ya nad ti-avcTwaj-s ahall be 
examined pcdodlcally and scaled o r 
supported as nccessajy.—f • 

<ltl> Torque. • meters and . torque 
wrenches shall be available at tuanehs 
where rock bolts itne used for ground 
support. Frequent tests 6hall be made to 
•detesrmlne If bolts meet the reaulned 
torque. The test frequency shall be -de-
termined by rock conditions and distance 
I ram rib ration sources. • ^ • • . -

<iv) damaged or dislodged tunnel sup-
ports, whether steel sets or timber,-sh:».Tl 
be repaired or replaced. New supports 
shall bs installed whenever possible be-
fore removing the damaged supports. 
Ivi AH seta, including horsethoe-

shaped or' arched rlh steel sets, shall be 
designed and Installed so J b s t the bot-
toms win have xcqnlred nncliunice to 
prerent pressures from pushing tbejn 
lnivard Into the excavation. Lateral brac-
ing eh all be' provided between sets to 
further stabilize the support. 

<3> Shaft*. a> Small diameter shafts , 
which employees are required to enter, 
shall be provided -ft-lth a btccl cnstog. 
cctti crcte pipe, timber, or other nwderlal 
of required strength to support the sur-
rounding earth. 

(il) The casing and bracing Kh&H "be 
provlditS the full depth of the shaJt, or 
at least 5 teet into solid rc>ck If possible, 
and •shall extend at least 1 foot above 
ground level. - 1 • • • - -
' AH wells or fihafU over S feet in 
depth ahall be retained Tilth lagging, 
spiling, or casing. 

(!v0 In shafU, the employer (ihall I n -
spect the v?.Hs, ladders, timbers, h l w t -
Sns. nnd wedirw of the las t set to deter-
mine if they have "loosened fotSowlne 
blsvittng -ojxiraUaria. "Where found un-
safe corrections shall "be made before 
shift operations arc started." ' 

Cv) Safety belts shall be worn on tsklpa 
and p l a t f o m i used In shafts by crew* 
when the ekip or cage does not occlude 
the opcnlnc to Within 1 foot of the rides 
of the shaft, unless guardrails or caeca 
are provided- _* - . ^ . ^. - > _ : 
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U) Drilling? (I) raiu!|itnent thut Is to 
be used during a nhirt ^hall bt; lii'.jx'clrii 
eachahlft by acouuietcnt IXMSOJI. Ktjulp-
ment dcfectc afrecUna r.atety t.hnll ho 
corrected before the efi\iU'tiunl 1r, \i.\id 

(<21 Tlio drllllnit lura r.hn.11 be in- -
upccted lor hazards before iitarUne the 
drilling operation. , 

(3) EmployI'ts thall not be allow cd 
on a diffl inwA while the drill lilt is in 
operation. 
. <4> When a drill Is being movod rr<-m . 
one drilling urea to another, drill f leet, 
tools, and other equipment fbcll be se-
cured, and Che nuist placed In a r-.a'c 
position. • 

(5) Heceptacles <jr riu-its shnll be pro- -
vlded for drill steel stored on JunWia. 
IB? Before drlllinjE cycle la sturl-od. 

warning ahall be given to men working 
below Jumbo decks. . • 

<7) Drills on columns aliaH "be an-
chored firmly before clrilllnc Is sta.rt/'d 
and ahaB be re tightened frequently 
thereafter. 
- _ <.3> The employer shall provide ir.c-

chanlcfil means for lifting- drills, roof 
bolts, mine straps, and other itnulcldy 
heavy Material to the top di-clis of j tun-
bos over ID feet in helclit. '• 

10) The employer shall provide s t i l r 
access to ]itrobo Atxks wide enough to 
accomodate two persona If Ihe drrlc is 
over 10 feet In heljjht. • 

<10) On Jumbo decks over 3C leci In 
helcht, guardrails which are removable 

•N (pipe In soclsels with chain handrail), or 
equal, shall be provided on nil sides 
back platforms. 

(11) Scaling bars shall be hi j.r̂nl 
condition at all times, and bluntc:! and 
•.svoTcly worn bars sliall not be uwd. 

<12) When Jumbos are be!ny moi r<\. 
rider.-, wm not he aTIov, c-d on the ^u:r.1.'0 
unless they are assisting the drl'/er. 

(IS) Before coxumtnclng the ('rill 
cycle, the face and lifters /,hall be ej:-
a;niin;d for misfires (residual cxploKVtLS") 

'and. IT found, they shall lie remu.eS 
before drilling eonum-.ncea at Uie f i-.ct̂  
1 liters shall not be drilled thro'irU 
blasted rock <mucW or wut^r. 

(14) Air lines that are burled In Hie 
Invert Eh till be Identified by ileus ix>i-\k6 nearby, warning al] personnel. 

(J) Blasting. All bhiAttug und e.ipV>-
fives-hanflllng operations t.haU oe <-">:i-
flucteflln compliance with SA'pftrt (/ cf 
this p a r t . , • x " " • 

(lO HaiiXavc. (11 EquiptoexH t ' .a t H 
to t<e used during a sWl't ?hafl S/t In-
spected by a w./npfl^nl person tiach t hjf t . 
Sljuipment defects affecting t,"!cty .'.haS 
be corrected before the Vi 
used.• . - •• 
(2) Powered mobile cqnijrTKTrt. ?' 

be provided with Rd-tjujvte V.rt.V_tv;. • 
C3) Powersd mobfle 

' mcnt rbali he provide', vM'n sm':! 'h 
warning deuces. Ughta b3;aU i>c pro-
vided at both ends. r - ' i - ' • 

(4) Cab -cnhdown aha.12 ba of wtfe ty 
glass, or cijulvaJent, ta goad ecadiUnn, 
and f/nitB he kept dean." v " " . -

(5) Adequate' backstopa or brrAtss 
ehan be Installed on fucfined convejor 
drive ooits to p re rc r t coatxaons fn>m 
running la r o w b e and crc&>'M\c u hnrArd 

* toc/nployeecc v.-.s , - -i..̂  .-• I ..- v1 - V' v • " 
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- (6) No employee t h a l l b e permitted to 
rtcfa a power-driven chain, ben, or 
bucket conveyor, unless the conveyor la 
specifically designed for the t ranspor ta-
tion of employees. " ' '. • " 

(7) The employer shall not permit 
employees' to ride In dippers, ' shovel 
tuckets, forks, clamshells, or in the beds 
of damp trucks, or on haulage equipment 
not specifically designed or adapted for 
thf» transportation of employees. • ..* 

(8) Electrically powered mobile equlp-
n e n t s h a l l not be lef t unattended unless 
the master switch Is In the off position, 
all operating controls are In the neut ra l 
position, and the brakes are set, or other 
equivalent precautions are taken against roiling. ; - •.;.'• - -• . • 

(3) When dumping cars by hand , the 
car dumps shall be provided with He-
down chains or bumper blocks to prevent 
cars from overturning. - -- . 

(10) Rocier-bottom "or bot tom-dump 
cars shall be equipped with positive lock-
ing devices. • - - • . . " - • . _: • ; • • 
.• t l l> Equipment which Is 6o be hauled 
shall be so loaded and protected as t o 
prevent sliding or spillage." •" - ' - . . 

(12) Parked raflcars shaTl be blocked 
securely. - " •- • . •• 

.(13) Berms. bumper blocks," safety-
books, or similar means shall be pro-
vided to prevent overtravel and over-
turning at dumping locations. 

(14) Where necessary, bumper blocks, 
or the equivalent, shall be provided at all 
track dsad ends. 

(15) Supplies, materials.- and tools, 
other than small handtools, shall not be 
transported with employees In mant r ip 
cars. ". ' -' 

(1) Electrical equipment. (1) Electri-
cal equipment' shall conform to the 
requirements of Subpart K of this par t . 

<2) Powerllnes sbnll be well separated 
or iusulfited from waterlinea, telephone 
lines, and airlines.' "•".." " '.•."- • -'•„ 

(3) OU-tiUed transformers shall no t 
V.« used underground unless they are 
located Jn a flre-resistant enclosure and 
Kurioumled by a dike to contain t h e con-
tents of the transformers in event of a 
rupture. " ' ~ • . 
im) Hoisting. (1> Hoisting machines, 

either powered or hand operated, shall 
be worm-geared or powered both ways. 
'Hie design must be such tha t when the 
pov.er Is stopped, the load cannot move; 
" (2) Controls for powered hoists shaU 

be of the dradman type -with a nonlock-
ing switch or control". - -..' V-. •„.'. 
• (3> h. device to shut off the power shall 

be installed ahead of the operating 
control. . '* * . . . 

(4) Hand-operated release mecha-
nisms, which con permit the load to 
de^ct'od faster t h a n the spee3 ratine, 
aluiU not be used- — ; . . -

(5) Hoist machines with cast metal 
parts shrill not be used. 

(61 Kvery hoist shrill 'be tested with 
twice the maximum load before being 
put Into operation, and annually thcre-
Rfu-r. „ • - - .. . 

<7) Alt anchorages of hoists si mil bo* 
Inspected at toe beginning of each s h i f t 

(3) Ac enclosed covered metal cage 
shrill be used to raise and lower persons 

-" 3ULATION5 • 
J. * .-. -/Y -

- • shall be designed 
f 4 and shall bo 

• •" • , The exterior of 
of projections or 

josed shackles shall 
it. rigging. 

- . _ RULES A' 
' V • 
In the shafl i •• 
with o ' s a fe t f >< 
load-tested p 

. t h e cage shi 
sharp corne>. • 
.be used In t'.ie , 

X9> If the cage l / equipped with a 
door, a positive locking device shall ba 
Installed to prevent the door f rom open-
ing" accidentally while the cage Is being 
lowered or raised while hoisting or lower-
ing; employee;!. . " . . • . '•" '•;" 

- 8 1926.801 ',' ; 
(a) "Wherever," in caisson 'work ' In 

which compressed air is usedj and the 
'working chamber Is lew tnan 11 feet in 
length, and when" such caissons are at 
any time suspended or hung while work 
is in progress so tha t the .bottom of the 
excavation Is morq than 9'fcet below the 
deck of- t h e working chamber, a shield 
shall be erected therein for the protection 
ol the employees. ' •• - '- ' •''-. - -
; (b). S h a f t s shall be subjected t o a 

'hydrostatic or air-pressure test, a t which 
pressure they shall be tight. T h e s h a f t 
shall be. stamped on the outside shell 
about 12 Inches f rom cach flange to show 
t h e pressure to- which they have been 
subjected. -

(c) "Whenever a sha f t Is used. It shall 
be provided, where space permits, with 
a safe, proper, and suitable staircase for 
i ts entire length, Including landing plat-
forms, c o t more than 20 feet apar t . 
"Where this la impracticable, suitable lad-
ders shnll he installed with landing p la t -
forms located nbput 20 feet apar t to 
break the climb. 4 ' - •• • 

(d"> All caissons having a diameter or 
side greater t han 10 feet shall be pro-
vided with a man lock and sha f t for the 
exclusive use of employees. •• 

(e) m addition t o ' t h e gauge In the 
locks, an accurate gauge shall be ma in -
tained on the outer and Inner side of 
each bulkhead. These gauges shall bo 
accessible at all times t n d kept in ac-
curate working order. ,'t 

(f) In caisson operations where em-
ployees a re exposed to compressed air 
•working environments, the requirements 
contained In 5 1926.803 shall be complied 
"teith. - . _ . . • • . - - - - .. - r 
§ 1 9 2 6 . 8 0 2 CoCTerdanis. I •" "•'.-[•r • ' 

(a> If overtopping of the cofferdam by 
high waters Is possible, means shall be 
provided" for controlled flooding of the 
•work area. : 

(b> Warning signals for evacuation 
of employees In case of emergency shall 
be developed and posted. 

(c)~ Cofferdam walkways, bridges, or 
ramps with a t least two rr.ear.s of rapid 
exit shall be provided with guardrails as 
Specified In Subpart M of this par t . 

~ (d> Cofferdams located close to navi-
gable shipping channels shall be pro-
tected from vessels in transit , where 
possible. • ' . • ' " 
§ 192.5.803 ComprV.-«<! air? 

" (a) General provisions. (1) There 
shnll be present, a t all times, a t least one 
competent person designated by and rep-
resenting the employer, who shall be 
familiar with this subpart In all respects. 

and 'responslble. for full compliance with 
these and other applicable subparts. 

(2) Every employee shall bo In-
structed In the rules and recusations 
which concern his safety or the safety of 
others. 

(b) Medical attendance,'examination, 
and regulations. (1) There shall be re-
tained one or more licensed physicians 
fa 'nil lar with and experienced in the 

' physical requirements and. the rrcdlcal 
aspects of compressed air work and the 
t reatment of decompression Illness. He 
shall be available a t all times while work 
Is In progress In order to provide medical 
supervision of employees employed in 
compressed air work. He shall hlnnr-elf 
.be physically qualified and be willing to 
enter a pressurized environment. . 

(3) No employee shall be permitted to 
enter a compressed air environment until 
he has been examined by the physician 
and reported by h i m to be physically 
qualified.to engage, in such work. 

(3) I n the event an employee Is ab-
sent f rom work for 10 days, or is absent 
due to sickness of Injury, he shall not re-
sume work until he Is reexamined by the 
physician, and his physical condition re-
ported. as provided In this paragraph, to 
be such as to permit him to work In com-
pressed air. 

(4) After an employee hits been 
ployed continuously In cornp.-c.-s&d air 
for a period designated by the physician, 
but not to exceed 1 year, he ihaU be re-
examined by the physician to determine 
If he Is still physically qualified lo en-
gage In compressed air work. 

(5) Such physician shall at nil t!m>«s 
keep a complete and full record o! ex-
aminations made by him. The physician 
shall also keep an accurate record of any 
decompression Illness or other Illness or 
Injury Incapacitating any employee for-
work. and of all loss of life t ha t occurs 
In the operation of a tunnel, caisson, or 
other compar tment In which compres.ed 
air Is used. ~ - .-

(6) Records shall be available fo<- the 
Inspection of the Secretary or his rep-
resentatives, and a copy thereof shnll 
be forwarded to OSHA within 43 bmirs 

' following the occurrence of the accident, 
death, injury, or decompression iirv-r:-. 
I t shall s tate as fully as possible thf. 
cause of said' death or decomr.'-'i-ison 

" Illness, and the place where thr '.>.5 
or sick employee was taken, and such 
other relative Information as rnr-y be 

' required by the Secretary. 
(7) A fully equipped fl;st aM j/aMon 

shall be provided at each t.ui.ntM :>; .jc-t, 
regardless of the number of pci~><mi i-:n-
ployed. An ambulance or tmnr.pot Uit:.in 
suitable for a litter cay; sh.-.'l ' < 
project. 

(8) Where tunnels are being exca-
vated f rom portals more than S road 
miles apart , a first aid station and t rans-
portation facilities shall be provided a t 
each portaL 

(9) A medical lock shall be c^Uhlishcc 
and maintained In liniiu'viiiife ^ o r i / h * 
order whenever air pressure in the woi Sr • 
lng chamber Is increased uboi'e the nor-
mal atmosphere. - - - . 
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