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PURPCSE pipehe. This final breakou2kannel can transp0r.t 
/.,< ~C.., ' >  

' I slurry material for a long <;me over a comparatively 
This study is  a +"tinuat&n of rhe investigation long distance away from the injection pipe..Deposit 
reported in Report REr:EP.'2-7339, "Hydraulic Model would occur at each cross channel junction between 'i 
Studies for Backfilling '~- ine Cavities." The Bureau of the pillars. 
Mines asked the Bureau of Reclamation to conduct 
addition\& hydraulic,model tests to study different 2. Fine sand backfill material injected into a sub- 
aspects of backfilling mine cavities with sand and waste merged mine is transported over roof falls that 
material to reduce subsidence of land at the,surface ,,.block corridors wher, there is an open cavity over 
above the min? ca~itI+:~ 

*- 
, . the top of the roof fall. In the model study,hickfill 

material almost filled the cavities abo$'the roof 
falls at the end of thC. tests. 

SUMMARY AND CONCLUSIONS 
.' 3. The extent' to which backfill material will be 

~ddi t i&al  t e s t s  were d$de in the model; i f  a;;'\ ' tra?iz<d into and depcsited'in slack water areas 
idealized coal mine that was operated to determine the (blind entries) will depend on the position and 
results of various conditions where mine cavities are geometry of the entry with respect to slurry flow 
backfilled by pumping a fine sand slurry. Fine, uniform past the entry. Fill material will deposit in slack 
blow sand having a median size of 0.14 millimeter water areas (blind entries) i f  circulation of sediment- 
obtained from the Rock Springs, Wyoming area was laden water occurs in and out of the slack water 
used to produce the sand slurry. areas. 

E~ghteen tests were conducted in this second phase of THE MODEL 
hydraulic model tests. The following mme conditions 
with slurry injection were simulated: Model Box-Pump and Slurry Sump 

1. Sloping floor with cavity submerged A watertight box made from 314-inch waterproof :,; 
plywood, 15 feet square and 2-112 feet deep, was used 

2. Level floor with cavity submerged to contain the model, figure 1. This box was used for 
previous tests of backfilling mine cavities as described 

3. Level floor with cavity dry in Report REC-ERC-73-19 prepared for.the Bureau of 
Mines. The same slurry sump and 2-112-inch Kimball- 

4. Simulated mine with and without blind entries Krogh sand pump as described in that.report was used 
to pump the slurry from the sump to the model mine. 

5. Corridors and rooms in which they were roof A recirculating system was used in which fine sand was 
falls and cavities in the roof over the roof falls mixed with water i'?= sump that was 8 feet long by 2 

feet wide by 3.5 feet deep mounted below the floor. 
Conditions under which the tests were made are -'Slurry material was pumped into the center of the 
summarized in table 1. model, in every case, through the injection pipe 

mounted in the removable mine roof. Sand material 
Conclusions from tine first series of tests were reported was deposited in the mine and wateiwould flow to the 
in Report REC-ERC-73.19. Data from the second simulated water table. The water levelwas held above 
series consisting of 18 tes ts  lead to the following . the mine cavity for submerged cavity tests. For dry 
conclusions which are in addition to conclusions made cavity tests, the water level control gate on the model 
for the first series of tests. The results from the 18 tests box  was lowered completely: water would leave the 
reported here support the conclusions derived from the elevated mine floor, flow into the model boxsurround- 
first series. ing the section of simulated mine, out the 4.foot-long 

by 2.5-foot-wide sluice channel, and back to the slurry 
1. As deposited backfill material reaches the rump. Water level in the model box and slurry sump 
quantity and pattern to build up back pressure in was maintained a t  the desired level by adding water as 
the injection system, one final breakout may occur. necessary. With the propeller mixer running at constant 
A channel is formed down an unobstructed corridor speed, concentration of fill material in the slurry sump 
between rows of Pillars. The entire discharge from would be varied according to the level of energy 
the injection pipe goes down this one channel with imparted to the fluid slurry by the mixer and according',' 
high enough veloci.W to keep the fine sand moving to the depth of fill material deposited in the slurry 

w i t h o u t  causing a high back pressure in the sump. 

," ,;:, 



Piping 3nd Measuring System 

Previous tens showed that the general pattern of 
deposit was not dependent upon slurry concentration 
nor on injection pipe velocity.,providing velocities were 
high enough to transport sediment without deposition 
in the injection pipe. The concentration and pipe 
velocities in ere tests described here, therefore, were 
not intended t o  duplicate those conditions of the Rock 
Springs injection operations. The deposits should pre- 
dict the pattern that would occur in  a typical mine 
with a symmetrical uniform pattern of mine pillars and 
cavities. 

For tests 1 through 3 tb2 vertical intake to the sand 
pmi; U K ~  in prciious tests was left in placc. 
However, the pipe entrance was about 3 f?et away 
from the vertical mixer propeller. To obtain a more 
uniform slurry concentration, the 2-inch nominal 
intake pipe was lengthened and set on a 45O angle to 
the vertical so the intake would be closer to the 
propeller mixer. The propeller mixer was used to keep 
the fine slurry sand in suspension. A 112-inch feed pipe 
was used for tests 1 through 6 and replaced by a 
314-inch pipe for the remainder of the tests described 
In this report. The Venturi meters used for measuring 
discharge in  previous tests were removed. A 314-inch 
Annubar flowmeter with 0.824-inch inside dimeter 
was installed in the horizontal section of the pipe for 
measuring discharge in a l l  tests, figure 1. To minimize 
possible plugging of the impact and lowpressure ports 
in the flowmeter, two purge water lines were attached 
to the ports, each line having a rotameter to measure 
the purge water. 

I 

All figures in  the report showing drawings and contour 
maps of the mine model are oriented with north at'the 
toe of the fiqure for easv com~arison of the deoosit . ~~ ~ 

~on;our interval; are designated i n  feet above 
the mine floor on all contour maps. , ~ 

I! ,,.. 

Model Scales-Mine Pillars 

The Annubar flowmeter was calibrated for clear water 
w~thout the purge inflow a t  the pressure ports. Flows 
through the rotameters were then s e t  t o  give the same 
discharge rating as without the purge water connec- 
t l o m  To continuously determine h e  slurry discharge 
without getting flne sand in  the meter ports and 
plugging them, a small amount of purge water was 
used. 

Pressure piezometers were located about one pipe 
diameter froin the end of the injection pipe and in the 
mlne cavity as shown on figure 2. The pressures were 
read on the water mmometer board and recorded at 
short time intervals to determine chanuas in the 

The model mine was constructed tr represent a mine 
with the cavity volume equal to 60 percent and the 
pillar volume equal to 40 percent of the total volume. 
The horizontal scale for all model tests was lm:48P (1  
in the model i s  equal to 48 in the prototype.) The 
vertical scale for most tests were also lm:4SP. Some 
early tests (1 through 5) wern made w ~ t h  a vertical 
scale o i  lm:14.B08\ a vertical disrortion of 3.22, to 
establish deposit patterns with velocities in  the model 
mine cavity equal t o  the velocities in the typical 
prototype cavity. Deposit patterns for undistorted and 
distorted scales were similar; therefore, tests 6 through 
18 were performed with the model constructed to an 
undistorted scale of 1"' :48P, vertical and horizontal. 

M~ne pillars were constructed in the model to represent 
horizontal dimensions 40 feet long and 10 feet wide, 
with a cavlty spacmg of 10 feet between sides of p~llars 
and also 10 feet between ends of pillars. This gave a 
mine arrangement as described above with 40-percent 
solid and 60-percent cavity both for the distorted and 
undistor?ed model scales. The 8-foot-square mine area 
in the model represented a 384-foot square or 3.39 
acres in  the prototype. 

Backfill Material 

Fine sand obtained from the Rock springs injection 
project was used in the model studies. A size analysis 
and relative density determination for the backfill 
material used in the model and prototype mine is  
shown in figure 3. The median diameter of the fine 
sand was 0.14 millimeter. Standard properties and 
bearing capacity tests on the backfill material were 
made in the Soils Laboratory of the Earth Sciences 
Branch of the Bureau of Reclamation. These studies 
are reported in Report REC-ERC-73-19. 

. 
THE INVESTIGATION 

- 
pressure as the backfill material deposited in  the cavity Sloping Mine Floor 

, during each test. For tens 1 through 5, seven 1 
piezometers were used including a piezometer showing Distortedmodel tests.-Tests 1 through 5 were made to 

.?, the water table elevation surrounding the mine cavities. evaluate the changed piping ,'system, the Annubar 
For tests 6,rhrough 17, presuries were measured at 11 flowmeter, the seal 'of the roof against the mine pillars, 
points. A t  points where fill material deposited UP t o  and general operation of the pump-piping system and 
the mine, roof, the pressure taps became plugged with slurry sump. Tests 1 to 3 were conducted with the 
the fine sand. verticai intake pipe on the pump. A t  the end of test 3, 
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an inspection showed a hard crust of fine sand in the 
slurry sump just below the vertlcal pipe intake located 
3 feet horizontally from the mlxer propeller. The crurt 
which apparently formed over a period of oparatlon, 
was similar to hard surface crusts that form in open 
channels having bed mater~al made from fine sand. 

In test 1 sand was fed to the slurry sump at a rate of 
:.l pounds'per minute; For test 2 the rate of sand was 
increased t o  12 pounds per minute. On both tes ts  1 
and 2, pressure built up in the mine cavity after fill 
material was deposited up to the roof level. In t e s t  2, 
the pressure increased so much that the roof lifted 
from :the pillars, .and fill material was transported 
between the roof and the tops of the pillars, figures 4 
and 5. Aiter iesr 2 was compieieo, iour boiis were 
installed through the pillars from the mine floor to the 
ro"f. An additional 114-inch layei of sponge rubber 
was fastened with adhesive to the roof to form a seal 
on the pillars as the bolts were tightened. After 
conducting t e s t  2 for about 35 minutes in the model. 
the mine cavities were filled t o  cause back pressure in 
the injection pipe..Shortly after this pressure built up, 
breakouts occurred upslope first, then downslope and 
tr the slides. The mine was set on the 5" dip. 

: ~ 

area. Pressures on the end of the discharge pipe in  test 
4 remained approximately the same throughout the 
test, indicating that there was no back- pressure; 
mnsequently, the solid fill material did not f i l l  the 
cavity near the ceiling. In tesC5, pressure at the end of 
the discharge pipe increased with continued injection. ., 
Figures 9 and 10 show the deposit pattern in the mine ',$. 
cavity at the end of the test. 

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

Undi:forfed model tests.-For tests 6 through 18 the . 

pillars were changed to give an undistorted geometric 
scale of lm:4aP in both horizontal and vertical 
directions. An observation test was conducted with tly I , 

mine submerged and dipping at an angle of 5 . 
Velocity in the 112-inch pipe was about 9.9 ft/s. !i 
Deposits occurred and silty water, that could be 
observed at the edge of the mine section was moving 
upstream in corridors 3 through 9, counting from the 
left side looking downslope. Additional piezometers in 
the mine roof were added to give a wide pattern of 
pressure distribution away from the injection pipe. As 
the backfill material deposited, pressures with the 
additional deposit ring were slightly higher than pres- 
s!xes outside the central cavity (piezometers 7 through 
11). The additional oiezometers 7 tlirouah 11 were 
added in the mine rdof after test 6 was started. The 

Test 3 was operated for about half an hour. Water test was stopped, the mine drained, the roof was raised, 
dischxge was started at 0.030ft31s. When sand was and the piezometers installed. No photographs were 
added to the slurry, the discharge dropped to 0.020 taken nor was a contour map of backfill deposit 
ft3/s. The average discharge during the test was 0.025 prepared for test 6 because of the changes during 
ft3/s. Pressures measured at the piezometer on the end testing. 
of the injection pipe varied from 1.02 to 1.74 feet 
compared to 1.56 t o  1.74 feet measured a t  the Test 7 was performed with the same conditions as for 
piezometers in the cavity. Figure 6 shows the deposit tes t  6 exdept the injection pipe with an inside diameter 
pattern at the end of test 3. of 112 inch was replaced by an injection pipe with an 

inside diameter of 314 inch to get higher discharge 
After completing test 3, the 2-inch intake Pipe was capacity through the pump-piping system. The 112. 
lengthened 1 foot 3 inches and was reconnected to the inch pipe was restrictive, which caused debris t o  collect 
pump intake a t  a 45- angle. With this arrangement, the in the pipeline. A valve was installed on the high point 
end of the intake pipe was 0.9 foot above the floor of to the bowl of the centrifugal pump which made it 
the slurry sump and closer to the mixer propeller. Test possible to bleed air and later to extract sediment 
4 showed that moving the intake pipe closer to the samples from the pump. The valve also made it easier 
mixer propeller caused extra deposit in  a cone shape to prime the pump a t  the startup for a test. A t  the end 
around the mixer in the slurry sump. C~rWwuent l~ ,  of test 7, material was flowing between the pillars and 
much of the sand added at 14 pounds Per minute the mine roof in a few places, figures 11 and 12. After 
deposited in the slurry sump and was not pumped to test 7 was completed, two additional toggle bolts, 
the model mine. The amount of fill material that was making a total of 6, were installed to hold the roof - 
pumped and deposited in the mine was comparativel~ tight against the pillars. 
small, figures 7 and 8. Ten 5 was therefore made as a 
continuation of test 4. A water purge system for the Annubar flowmeter was 

installed at the end of test 7. Previous test discharges 
Tests 4 and 5 were kid; with the mine submerged and were set with only water in the piping system before 
dipping 5O. The model had a horizontal scale of the mixer was turned on. Without the purge system. 
lm:4aP with a vertical distortion of 3.22. The break- when fill material was purhped in slurry form, the ports 
out thr@ugh the initial deposit caused clouds of -slurry to the flowmeter would tend to plug. By; using the 
to comethrough the corridors to the edge of the mine - purge system, pressure was positive at each of the two 
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ports of the Annubar flowmeter, which caused a small 
flow into the pipeline, preventing fine sand from 
entering and plugging the pressure tubes to the 
flowmeter. 

Test 8 was made with a velocity of approximately 7.5 
f t l s  in the 314-inch injection pipe. The mine was 
dipping 5O and submerged. The deposit pattern was 
ooserved at the end of the test after the roof was 
raised, figures 13 and 14. No deposit on the top of the 
pillars indicated the rcof held tight against the back, 

. , pressure that occu,rred in the mine cavity. After the 
initial deposit ring was established around the injection 
pipe. back pressure built UP and a breakout occurred 
downslope in corridors 8 and 9, counting from the left 
looking downslope. The fine sand was carried-. in;, 
suspension along the bed and deposited in  a large 
mound off the edge of the mine platform. With 
increased pressure, a breakout .occurred and high 
velocity flow started upslope in corridor 9, counting 
from the left looking downstream. 

The characteristics of test 8 were typical of an 
injection into a submerged cavity with open corridors. 
After the mtial  deposit ring has occurred and back 
pressure builds up in the cavity and in the injection 
pipe, a breakout occurs in  one or two corridors. Fill 
material is carried along this channel in suspension or 
as bedload accordins" t o  basic sediment transoort 

Blind entries-submerged mine.-Tests 9, l ~ i a n d  1 1 

was then lowered, fastened in place, and the next test 
in the series continued. A conto*1r map and photo- 
graphs were made of the deposit pattern for tests 9 and 
11. Blind entries were simulated in the m o d ~ l  by in- 

'(, 

stalling blocks at various places in  corridors in the 
mine. Some blocks were installed to:block corridors at 
ends of pillars and also near the middle area of pillars. 
Some blocks were installed t o  prevent communication 
within corridors and over considerable distances in 
some cases, figures 15 through 19. During test 9. initial 
fil l material deposited up to the roof around the injec- 
tion pipe, andback pressure caused a reductior,in dis- 

'charge. Piezometers attached t o  the roof' showed the 
increase in back pressure and then the suddendecrease 
in back pressure when a"breakout occurred. The 

.pictures and contour map prepared at the end of test 
'9 are shown in figures 15 and 16. 

Test 10 was a continuation of test 9, using a smaller 
discharge. The smaller' discharge resulted in a lower 
intake velocity and, consequently, a lower sand con- 
centration. A small additional amount of f i l l  material 
was deposited in  the mine during test 10. The pressure 
in the area around the injection hole wascomparatively 
high. No ph6rographs were taken nor was a contour .' 
map prepared at the end of t e s t  10. Before test 11 was 
started, the sand deposit was carved back t o  the 
deposit pattern left at the end of test 9. 

:: . 
principles. With the full flow of the injection pipe Test ,!? was made with a slightly lower average 
discharging along a channel, an equilibrium condition discha?gc>+!?r_qughout the test. When the discharge 
develops for sediment transport. Fill material deposits tended to decrease because of back pressure, the 

at intersections to essentially block side corridors and wntr01 vaW.was opened to maintain a constant 
confine the f l o ~  along the one channel. Deposit builds discharge. For;tesfseries 9, 10, and 11, the fill material 
in the channel, until the cross.sectional area reduces and Seem* to deposit downslope first, then upslope, and 
the velocity increases to cause critical transport then on the level out from the injection hole toward 
conditions: the sides. 6,t the end of test 11, the last breakout 

established.ia comparatively high velocity f low upslope 
Reports ' from field operations at Rock Springs, in corridor 8, counting from the left side looking 
Wyoming, indicate flow occurs in a single channel over . downslope. The flow bei6; confined to a single 
long distances after f i l l  material is  deposited up t o  roof corridor 'caused the velocity to be comparatively high 
level around the injection hole. Model tests showed and, thus, the transport capacity continued a t  a 
that flow in a single breakout channel started when'> compiratively high value. The flow at the end of test 8 
deposit sealed or nearly sealed the space adjacent to forp'mine without blind entries was similarly confined 
the Coof around the injection hole. Pressure would to,a smgle corridor. A t  the end of the series of tests.9, 
build up in  the cavity prior to the breakout and would 10, and 11, flow was confined to asingle corridor and 
lower as flow started in a single channel. Extensive ,!the slurry traveled upslope with a comparatively high 
deposit and lowered pressure prevented-?ther.breakout , ' velocity. Figures 17. 18, and 19 show a photograph 

channels from formitg. For test& after material haf and contourmaps of deposited slurry material a t  the 
deposited up to the roof, slurry flowed down one end of tost 11. Figure 19 indicates that fill material will 
corridor until the test was stopped. / not enter and deposit where blind entries prevent flow 

/ circulation. 



falls and through cavities above the roof falls, a 
condition occurring in coal mines after being 
abandoned for some time. Roof falls were simulated by 
truncated wood pyramids sloped 60' from the floor, 
figures 20 and 21. The top of the roof falls were 6 feet 
above the mrne floor, the same herght as the normal 
roof. Above the roof fall a cavity was formed by 
cutting the roof and constructing a box over the hole 
cut i n  the roof. figure 20. A piezometer was placed in  
each s~mulated cavity to measure pressures developed 
in the cavities during the backfilling operation. Two 
roof falls were placed at intersections o f  corridors; one 

'roof fall was placed between ends of pillars and one 
was placed between sides of pillars, figure 21. 

For tests 17 and 18. the mine was level andsubmerged. 
Before beginnrng test 17, sand was added t o  the slurry 
tcnk so that the backfill supply was sufficient to 
complete the test. During the 50-minute test, samples 
of slurry taken from the pump discharge pipe varied in  
concentratron from 1.2 to 5.1 percent, by weight, with 
an average of 1 .8. These samples were taken usino a 

ance to flow are different from those in submerged 
cavities. 

Dry mine cawties.-Tests 12 through 15 were con- 
ducted with the mine cavity in an unsubmerged (dry) 
condition. The water table is lower than the floor of 
the mine cavity. To provide for this condition in the 
model. the injection water was allowed to drain out of 
the model box by having the water level control gate 
mmpletely lowered. The mine roof was in place for all 
four tests. Fill materral is deposited and slurrj water 
returns t o  the water table.The backfill materis! in a dry 
mine cavity develops a deposit with a surface slope that 
i s  dependent on the critical tractive force (To = YDS) 
for the material, where To = tractive force, y= specrfic 

weight of water, D = depth of water flowing over the 
deposit, and S - slope of the flowing water surface. A 
critical tractive force (tractive force that causes a given 
size of fill material on the bed to start moving) 1s 
related to the depth and the slope so that the product 
(DXS) is  constant for the given srze bed material. 

" 

118-inch tube with i t s  entrance pointing upstream in 
Tests 12 through 15 were conducted as a series in the vertical pipe where flow lines were parallel. A 
which fill material was not removed at the end of each I photograph showing backfill deposit at the end of t e s t  ~ 17 and contour maps at the end of tests 17 and :8 are 
test, table 1. A photograph and contour map were 

I shown On figures 22' 23r and 24' Test made at the end of each t e n  to compare the progress 
of fill deposit. figures 25 through 32. The progress of t e n  17. except test 18 had a higher injection velocity 
the deposit with each successive test can best be 

and higher slurry concentration. table 1. A t  the end of observed on the contour maps, figures 25, 27, 29, and 
both tests 17 and 18, high velocity flow moved along 31. The 3., and 5.foot contours show the deposit 

! one corridor directly away from the injection pipe. The buildup and how the sloping face of deposited backfill 
velocitv along the breakout corridors was high enough material moves with time. Bac,tfill material builds up 

I 
to transport fill material without depositing. 

close to the roof near the injection pipe. A breakout 
occurs when deposit around the injection pipe i s  high 

At the end Of test 17' 'Iurry wasflowing up Over tke enough to force most of the flow in one concentrated 
roof fall. through the cavity above. and down the channel, figures 27, 29, and 31. The of the 

I '. 
corridor. figure 23. The mi?Qwas submerged and the breakout channel varies for different tests when ihe 
resistance offered by the roof fall was not great enough mine floor is level, indicating initial deposits are 

I to cause slurry flow to move to another corridor. The uniform and symmetrical for a symmetrical pillar 
slurry takeethe flow path of least resistance. pattern on a level floor. Thedifference in resistance to 

breaking out ih one direction compared t o  another 
A t  tk  end of test 18. the last breakout channel was direction is small, 
along a corridor adjacent to a corridor having a roof 
fall at a corridor intersection, figure 24. This Geakout 
channel was in the opposite direction from the last 
bredkout channel for test 17. It is apparent that for a 
level mine that i s  submerged, there is  very litge 
difference in the resistance to flow in one direction 
than to the flow in the opposite direction. In tests 17 
and 18, the las t  breskout channels were along the 

Discharge and, consequently, injection pipe velocity 
for the series of four trrts conducted in a dry cavrty 
were very nearly identiLdl, 0.013 or 0.012 ft3/s and 3.5 
or 3.2 ft3h, respectrvely. Solids concentration in the 
injection pipe varied from 1.0 (test 15) t o  4.5 percent 
(test 12) by weight, table 1. 

length of the pillars. Apparently, the abrupt expansion submerged mine caviries.-~est 76 was in 
and contraction losses caused by the intersections of two pa;ts over a of 2 days on a level submerged 
lateral channels in the short direction of the pillars may mine cavity, The first had a discharge of 0,013 
be greater than the losses in the corridors along the 



weight, and the second part had a discharge of 0.021 ~anuar/ 1972. 
ft3/s and a slurry concentration of 6.7 percent. 
Photographs, figure 34, and a contour map. figure 33.; Yalin, M. Selim, "Theory of Hvdrau!!c Models," The 
were made a t  the end of the teston the second day. MacMillan Press, Ltd.. 1971 
The deposit pattern, particularly the mine area that 
had deposited material up to and very near the roof, Yalin, M. Selim, "Mechanics o f  Sediment Transport," 
was extensive. This was caused by the high concentra- Pergamon Press. 1972 
tion ,and higher discharge and, consequentiy, higher 
injection velocity. The higher velocity caused the high Graf, Walter H., "Hydraulics o f  Sediment Transport," 
concentration of backfill material to deposit at a McGraw-Hill Book Company. 1971 
greater depth farther from the injection pipe than 
could be obtained with a lower:injection velocity. Ackenheil, Alfred C., and Dougherty, Murray P.. 

"Recent Developments in Grouting for Deep 
The breakout channel develops whether or not there is Mines," Journal of Soil Mechanics and Foundations 
a high injection velocity or lower injection velocity. Division, Proceedings of ASCE. Vol. 96. No. SMl, 
For a higher injection velocity, pressure buildup in the January 1970. 
mine cavity caused by pumping and deposit o f  backfill 
material tskes longer than for a lower injection 
velocity. The deposit depth up to the roof or near the 
roof extends over a greater area for higher injection 
velocities. 

In test 16, some cavities were left in corridors between 
pillars. Slurry maizrial was transported past opposite 
ends of pillars depos~t~ng material at the same time 
from opposite ends of corridors. The deposit blocked 
the corridors, leaving a small unfilled cavity. In a 
prototype mine, the extent of unfilled cavities between 
pillars depends on the pattern of the pillars and 
corridors. Cav~t~es could be left between pillars when 
the flow pattern was symmetrical. 

A final breakout channel on t e s t  16 formed at the end 
of the test in  which most of the injected slurry was 
flowing down one corridor. This type of flow would 
continue i f  the test were not stopped. The slope of the 
bottom of the deposit in this last breakout channel was 
very flat, similar to the final breakout channels in  
previous tests in a submerged mine. 
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Table 1 

S L A W  DATA OF NGDEL TESTS FOR BACWILLING MINE CAVITIES 

Center cavity 
Injection V in Sed. con. Mine Time Fill Dip of Radius 

Test pipe Q pipe, Z by wt dry or with sed. deposited mine to mid. Diameter 
No. diameter, ft3/s ft/s byiuhoff sub- transport, in mine, floor, contour prototype Comments 

in . cone merged min. ft3 degrees model, ft 
ft 

podel scale: H = lm:48P; V = lm:14.908P distorted 

1 0.5 0.033 Sub 
2 0.5 0.032 Sub 
3 0.5 0.025 11.8 Sub 
4 0.5 0.032 15.1 Sub 

4 

5 0.5 0.035 lh.5 Sub 

59 5 
70 7.74 5 
3 1 1.57 5 0.76 73.0 
52 0.89 5 0.61 58.6 Sand deposit not 

removed a t  end 
of test. 

37 2.10 5 0.16 15.4 Continuation of 
test 4. 

Model scale lm:48P undistorted 

6 0.5 0.021 9.9 Sub 39 5 - - 
b 

112-inch-diam&er injection pipe changed to 3/4-inch diameter 

7 0.75 0.034 9.2 3.1 Sub 35 0.44 5 0.39 37.4 ) V in last break- 
8 0.75 0.029 7.8 11 -4 Sub 46 2.34 5 0.65 62.4 ) out single 

1 channel = 
) 3.6 ft/s. 

9 0.75 0.017 4.6 5.6 Sub 15 0.60 5 0.33 31.7 Blind entries. 
10 0.75 0.014 3.8 4.8 Sub 24 - 5 - - Blind entries. 
11 0.75 0.13 3.5 4.5 Sub 17 0.33 5 0.39 37.4 Blind entries; V 



Center cavity 
Injection V in Sed. con. Mine Time Fill Dip of Radius 

Test pipe 9 pipe, % by wt dry or with sed. deposited mine to mid. Diameter 
No. diameter, ft3/s ft/s byimhoff sub- transport, in mine, floor, contour prototype Coments 

in. cone merged min. ft3 degrees model, ft 
f t 

I 112-inch-diameter injection pipe changed to 314-inch diameter - continued 
I 12 0.75 0.013 3.5 4.5 Dry 17 0.30 0 0.38 36.5 ) Accumulated time: 
1 ) 17 minutes 

13 0.75 '0.012 3.2 _ - 3.0 Dry 27 0.29 0 0.37 35.5 ) 44 minutes 
14 0.75 0.012 3.2 1.6 Drv 51 0.16 0 0.40 38.4 ) 95 minutes '. I 15 0.75 0.012 3.2 1.0 Dr v 71 0.15 0 0.43 41.3 j 166 minutes 
16 0.75 ( 0.013 3.3 0.74 Sub 17) 0.87 0 0.38 36.5 

(D ( 0.021 -5.6 6.7 28) 
17 0.75 0.013 3.5 1.8 Sub 52 0.65 0 ,0.41 39.4 Roof falls and 

I cavities. 
18 0.75 0.019 5.1 3.4 Sub 50 0 0.48 46.1 Roof falls and - 

cavities. 
\T 

Average diameter 36.9 feet - tests 7-18. 
-- 

Avg 36.9 



8'x 8 '  Test plat form 

Manometer baord 

Twin rotameter 

Edge o f  moin water sump 

\'-8'x 2' x 3.5' Deep sedment 
sump box below f l o o r  
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7.1741 W70I ., R.cl on PHYSICAL PROPERTIES SUMMARY PLOT (Relative Density) 

I* Classification Symbol -&%- 
Gradation Summary 

'" Gravel 2% 
Sand &% 
Fines _Lh" 

Alterberg Limits 
L iquid L imi t  % 

110 Plast ic i ty  Index 2% 
Shrinkage L imi t  - % 

Specific Gravity 
Minus No. 4 
Plus No. 4 

- Bulk - 
j Apparent -- 
: Absorption -% 
$ Relative Density 

Minimum Density ~ P C F  > 

10 a ( A g m l c m 3 )  
Maximum ~ e n s i t y ~ p c ~  
(2 gmfcm? 

In-place Density 438 PCF 
(/.50 gmlcm3) 

Percent Relative Density & 
0 ' Permeability Settlement 

Placement Condition- 
Coef of P e r m e a b i l i t y f t l y r  

. (  c m l s e c )  
Settlement Under 
p s i  Load - % 

( k g l c m 2 )  ". s lo P S 10 70 w (D 
im" Notes: 

"l*I""* **.I""" 
01*11n RELATIVE DENSITY - % m ~ % I 7 7  

' /US tory 
S U L ~  WTE: S C L L ~ O  TO V L O T A I  I I ~ N W ~  LJNC 

luLr - 
sample NO. 53s- I Hole NO. Depth . '+, f t  ( \+. ,? i, 

m) 
\\ 

F~gure 3. Sme anslyr~r and relatwe densty of flne rand baekfN maknal. 



Figure 4. Test 2. Contours 
o f  deposited backfill 
material at end of test. 
Mme cavity submerged. 
Mine roof war lifted from 
the pillars by  the pump 
Pressure.  (Preliminary 
test-distorted model 
scale) 

Figure 5. Test 2. Pressure in the mine cavity resulting from slurry 
pumping caused the roof to raise above the pillars, allowing slurry 50 
flow over the tops of pillan. Mine submerged and dipping 5 . 
(Distorted model scale1 



1 0 '  X 40 '  X 6 '  P I L L A R  B L O C K  
! I  

Figure 6. Test 3. Contour map of backfill deposit at end of test. Mine cavity submerged. Mine roof war bolted tight to the pillars. 
IDinorted model scale) 

$ <j 

13 
, .. 





F i g u r e  9 .  T e r t  5 .  
Continuation of test 4. 
Contour map of deposit 
pattern a t  end of  test. 
Mine wwty submerged. 
Compare deposit pattern 
with figure 7. (Distorted 
model scale) 

Figure 10. Tert 5. This test was a continuation of test 4 in which 
the backfdll deposit war allowed to  continue. Mine submerged and 
dipping 5 . iDirtorted model rcalel 



Oil 
nm 
om 
mi 
011 
111 
10'  X 43 '  X 6 '  P I L L A R  B L O C K S ~ . ~  B A C K F I L L  M A T E R I A L  :'.~ z-.., 

. . 
F I L L E D  T O  R O O F  L E V E L  

Figure 11. Test 7. Contour map of backfill deposit a t  end of'tert. Mine submerged. Inside diameter of inj'zctian pipe was 
increased from 112 to 314 inch forthis and lagr tens. (Model scale war undirtorted for this and all later tests1 

16 
. 





Figure 13. Test 8. Contour map at end of tert':iMine submerged. Flow along the last breakout channel occurred at the end of the 
test. Full flow of the iniRtion Pipe down one channel cjused equilibrium conditions for sedirnem transport in one channel to 
occur. Note that breakout channel flows uprlope. 'Q ; ? 



Figure 14. Test 8. Backfill material filled the mine cavity up ro or near the rooflinr 
over a comparatively large area, see figure 13. The slurry cqcentration war 11.4 
percenf by weight for this test. Minerubmerged and dipping 5 . 



Figure 15. Test 9. First test in the series of three tests. 9-11. Blind entries w e y  
simulated by blocking corridors at various places. Mine submerged and dipping 5 . 



F i g u r e  16. Test 9. 
Location and pattern of 
blind entries simulated by 
solid blocks i n  the 
corridors. Contour map 
shows deposit pattern of 
backfill at the end of test 
9. 

Figure 17. Test 11. Corridor 8 i s  pointed out in which the total 
iniection flow was wncentraied after backfill material filled to t l y  
roof around the injection hole. Mine submerged and dipping 5 . 
Last test in series of threa tests. 9-1 1. 

21 



n n  n n n n  

10' X 40' X 6' P I L L A R  B L O C K S  
B A C K F I L L  M A T E R I A L  

.&i 
F I L L E D  TO ROOF L E V E L  

// 
Figure 18. Test 11. Contourn show deposit pattern Of backfill material ai'the end of the test. The location and pattern of blind 
entries affect the gensral pattern of backfill &posit. 

.' 



Figure 19. Test 11. Deposltr above the 3-foot contour elevation cover a large area around the lnjectlon hole. Overlappins 
crosshatchmg indacates enay  of fill rnatertal nnto blind enfrles. 



Pillars and simulated roof falls. 

Roof and openings for cavities 

Figure 20. Test 17. Mine pillars and roof before tests simulating roof falls and 
cavities over the roof falls. 



p - n n m n m n n n , ~  
P I E Z O M E T E R  T A P  

R O O F  F A L L  C A V I T Y  
S I M U L A T E D  B Y  BOX 

,-MINE P I L L A R  

AND W E D G E S  

SCHEMATIC  S E C T I O N  A-A 
U d U L l U d U  

EZOMETER TAPSL~ 

,n1nur2 
E 

LJ 

10' X 4 0 '  X 6 '  P l L ' l  :.I? BLOCKS 
, ,; 5s 

. \ 
', , Figure 21. ~ e i C l 7 .  Crorr section and layout for test-ih roof falls and roof cavities over roof falls. 
'. .,.' 





10' X 40' X 6'  P I L L A R  - B L O G K S ~  B A C K F I L L  M A T E R I A L  
F I L L E D  T O  T O P  O F  
ROOF F A L L  CAVITY:. 

F w r e  23. Test 17. Contours af deposit pattern at the end of the test. Last breakout channel flowed over a roof fall 

I I 



Figure 24. Test 18. This test was a duplicate of test 17 except test 18 had?: higher injection velocity and a hi 
concentration. Note breakout channel in a corridor adjacent to a rockfall. 

&'.!' 
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L E V E L  M I N E  C A V I T Y  

1 ; 1 I ' 1 ; 0 5 1 1 1 E [  I O ' X  40 '  X 6' P I L L A R  B L O C K S  

Figure 25 Test 12. The first of a series of four tests. 12-15. made in a dry cavlty w ~ f h  a level floor. Contour map shows back f ,~~  
deposit pattern at the end of the test. 



Figure 26. Test 12. The low height of doposit is a result of injection into a dry 
cavitv with a level floor. 



10' X 40'  X 6 '  P I L L A R  B L O C K S ~  

F w r e  27. Test 13. The second in the series of four tests wlth slurry Injected into a dry c&& w t h  a level floor. Contoun show 
accumulated deporlt pattern. 
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Figure 28. Test 13. Accumulated deposit after the second in the series of four tests 
shows shallow deporirs and flat slopes on the surface of the deposited backfill 
material. 



m n m - m  
A S T  B R E A K O U T  C H A N N E L  

I O ' X  40' X 6 '  P I L L A R  B L O C K S  ... ., 

Figure 29. Test 14. The backfill materiel continues to build up as the third in the series of four tests is completed in a dry cavity 
with a level floor. 

./ c. 
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Figure 30. Test 14. Deposit around the iniection hole i s  uniform in a dry cavity 
with a level floor. 





Figure 32. Test 15. Backfill material has built up near the roof close to  the 
inj3::ion point a t  the end of the series of four tests in a dry mine with a level floor. 



L E V E L  MINE CAVITY K3$! 

Flgure 33. Test 16. Contour map of deposited fill material at end of test. Compare the deposit pattern on thlr level mnne test 
with test 8 (fig. 13) In a slopkngmme. 







Table I1 Table Il-Conlinud 

WANTITIES AN0 UNITS OF MECHANICS MYI~IDIY BY TDDbleln 

~ u l t l ~ l y  BY TO obtam WORK AN0 ENERGY' 

64.78891 IexacW . . . . . . . . . . . . . . . . . . . .  Milligrams 
31.1035 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grarnr 
28.3495 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Grams 

Peundlparlquam inch . . . . . . .  0,070307 . . . . . . . . . . . . . . . .  Kilogram3 p r  quare rentimmer 
Paundlporsquare inch . . . . . . .  0.589478 . . . . . . . . . . . . . . . . .  N e w t o n r p r q u a r ~ c ~ n t i m e ~ l  
Pound%~er -"arc foot ....... ,..'. 4 8 8 2 4  . . . . . . . . . . . . . . . . . . . .  Kllonramroer muare mefer . . .  
~ounds b=rw=re foo t  .': . .  .I!. 47.8803 . . . . . . . . . . . . . . . . . . . . .  Navmnrper quore meter 

Ounccr per cubic inch . . . . . . . .  1,72999 . . . . . . . . . . . . . . . . . . . .  Grams per cubiccenrimeIPr 
Pwndrpercubicfoot . . . . . . . .  16.0185 . . . . . . . . . . . . . . . . . . . .  Kilogram p r  rvblcmeter 
~aunds~ercubisfaot  . . . . . . . .  0.0160185 . . . . . . . . . . . . . . . . . .  ~ c a m r  ou~ubiccenrimeter 

MASSICAPACITY 

BENDING MOMENT OR TORQUE 

Inch-pounds . . . . . . . . . . . . .  0.011521 . . . . . . . . . . . . . . . . . . . . . . . . .  Met~~kllograms 
Inch-pounds . . . . . . . . . . . . .  1.12985 x 106 . . . . . . . . . . . . . . . . . . . . . .  C~ntimcferdyner 
Fmt.pmndr . . . . . . . . . . . . .  0.138255 . . . . . . . . . . . . . . . . . . . . . . . . .  Mcto.ki l~gamr 
F ~ ~ t . p w n d s  . . . . . . . . . . . . .  1.35582 x lo7 . . . . . . . . . . . . . . . . . . . . . .  Centimcfer.dyncs 
Foot-pounds p r  inch . . . . . . . .  5.4431 . . . . . . . . . . . . . .  cent imefer-ki lngram~p~r~nt imit~r  
0unre.inchsr . . . . . . . . . . . . .  7,2008 . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ ~ ~ ~ ~ ~ t i ~ ~ t ~ ~ ~  

Feet ~ o r  rseond . . . . . . . . . . .  30.48 lcxartlyl . . . . . . . . . . . . . . . . . .  Ccnfimuiurr per rerond 
Feet per w r m d  . . . . . . . . . . .  0.3M8 lsxactlyl' . . . . . . . . . . . . . . . . . . .  M~errpersscmd 
Feet per year . . . . . . . . . . . . .  '0.965873~ 1 r 6  . . . . . . . . . . . . . . .  Cmimemrrperrerond 
Miles per hour . . . . . . . . . . . .  1.609344 Ieractlyl . . . . . . . . . . . . . . . . .  Kilometcrr ~ c r  hour 
Miles per hour . . . . . . . . . . . .  0.447W Ierac~IyI . . . . . . . . . . . . . . . . . . .  Meterrper rerond. 

ACCELERATION. 

~ e e t  persewnd2 . . . . . . . . . . .  -0.3048 . . . . . . . . . . . . . . . . . . . . . . . . . .  Memr per wond2 

FLOW 

Cubic feel par second 
Isocond.feetl . . . . . . . . . . . .  '0.028317 . . . . . . . . . . . . . . . . . . . . .  Cubic msterslisrwsond 

Cubic feet per mlnutr ........ 0.4719 . . . . . . . . . . . . . . . . . . . . . . . . . .  Liters per wrond 
Gallons 1U.S.I per minute . . . . . .  0.083m . . . . . . . . . . . . . . . . . . . . . . . . . .  Ll terrpornond 

Pwnds . . . . . . . . . . . . . . . .  '0.453592 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kilograms 
Pwndr . . . . . . . . . . . . . . . .  '4.4482 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Navranl 

. . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  Pwndr '4.4482~ lo5  .: Dynes 

Britirh Ulcrma! unit% IBtul . . . . .  '0.252 . . . . . . . . . . . . . . . . . . . . . . . . . . .  Kilogram calorlel 
8ritirh thermal unit3 l8tu l  . . . . .  1 . 0 5 ~ 0 6  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Joules 
8tu p r  pound . . . . . . . . . . . .  2.325 1exacW . . . . . . . . . . . . . . . . . . . . . . .  Joule3 p r  gram 
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Btulhr h2 dqrpeF IC. 
. . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  thermal mndurtance~ 4.882 ~g cailhr m Z d w e s  c 
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WATER VAPOR TRANSMISSION 
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ABSTRACT ABSTRACT 

The study is a continuation of the investigation reported in Report REC-ERC-73-19, 
"Hydraulic Model Studies for Backfilling Mine Cauitier." Eighteen additional tests were 
conducted in  the hydraulic model that simulated injection of backfill material into an 
idealized coal mine. Mine pillars ware constructed in  the model to a horizontal reale of 
lm:48P lmodel to prototype) to represent horizontal dimensions 40 feet long and 10 
feet wide, with a ~ a ~ i t y  spacing of 10 feet between endsof pillars. The cavity volume 
was 60 percent of the total mine volume. Vertical scale for the mode! was 1,"':48P for 
tertr 6-18. For tests 1-5, a vertical reale of lm:14.908P was ured to maintain equal 
velocities in  model and prototype. and establish deposit patterns for equal velocity 
conditions. Tests simulated the conditions of: (1) sloping floor with cavity rubmerged. 
(21 level floor with cavity submerged, 13) level floor with cavity dry. I41 simulated mine 
with and without blind entries, and 15) corridors and rooms in which there were roof 
falls and cavities in the roof over roof falls. The 8-footsquare mine area in the model 
reprssented a 384-foot square or 3.39 acres in the prototype. Backfill material was fine, 
uniform rand with mean diameter of 0.14 mm. Test results aregiven in a summary table 
and 34 figures showing photographs and contour maps of deposit patterns of backfill 
material are included. I7  ref) 

The study is a continuation of the investigation reported in Report REC-ERC.73-19, 
"Hydraulic Model Studies for Backfilling Mine Cavities." Eighteen additional tertr were 
conducted in the hydraulic model that simulated injection of backfill material into an 
idealized coal mine. Mine pillars were constructed in the model to a horizontal rcale of 
lm:48P (model to prototype1 to represent horizontal dimensions 40 feat long end 10 
feet wide, with a cavity spacing of 10 feet between ends of pillars. The cavity volume 
was 60 percent of the total mine volume. Vertical scaie for the modtl was lm:48P for 
test6 6.18. For tertr 1-5, a vertical reala of lm:14.90BP war ured to maintain equal 
velocities in model and prototype, and ertiblirh deposit patternr for equal velocity 
conditions. Tests simulated the conditions of: (11 sloping floor with cavity submerged, 
12) level fiaor with cavity submerged, 13) level floor with cavitvdry, (41 simulated mine 
with and without blind entries, and (5) corridors and roomr in which there were roof 
falls and cavities in the roof over roof falls. The 8-faotsquare mine area in tho model 
represented a 384-foot square or 3.39 acres in the prototype. Backfill material war fine, 
uniform sand with mean diameter of 0.14 mm. Test results are given in a summary table 
and 34 figures showing photographs and contour maps of deposit patterns of backliii 
material are included. 17 ref) 
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