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SUMMARY 

During the 1961 and 1962 summer test'seasons at Camp Gentury, 
Greenland, a 1600-ft~10ng trench containing horizontal curves was con
structed. 

A total of 105 hr 45 min of Peter-plow machine time was required 
for the cutting operation. Of this, 64hr 45 min were spent in actual 
cutting, which gives a rate of 24. 7 it of trench per hr, or 300 it (24 it 
deep, 18 ftwide at bottom) per 20~hr workday (using one Peter plow 
at the rate of 12.2 cutting hr/day). By utilizing an' almost continuous 
operation (18 cutting hrlday), the production may be increased to 445 it/day 
for each plow used. The maximum (24 cutting hr/day) would give approxi
mately 600 it of tre,nch per day per plow. (ThiS, however, cannot be. 
considered a realistic estimate.) 

The. overall cutting production, including spoil cut.s, was 466 yd3 /hr 
or 166 tons /hr of snow excavated. The trench~cut average was 359 yd3 /hr 
or 134 tons /hr. 

The trench-covering operation required an additional 16 Peter-plow-hr 
and.a total of 2'90 man-hr for the arch installation, a rate of 5.5 ft of roof 
per man-hr, or, using a five-man crew, a rate of approximately 27.5 ft/hr. 
The arch removing required approximately 27% of the installation time • 

. Fuel (diesel oil) consumption was at a rate of 14.9 tons of snow ex
cavated per gallon of fuel, or approximately 2.2 ft of trench per gallon. 

The trench-floor processing (400-ft length) required 2t hr, a rate of 
160 ft of floor per hr, and the leveling (1600~ft length) required 4 hr, a 
rate of 400 ftlhr. 

A total of 176 man-hr was required to install the electrical system 
and exhaust fans • 

. . The production factor for cutting a straight trench was b~tween 1.·3 
and 1.4 times that of a curved trench. \ 

Data obtained by Minsk (1958, 1961) on a similar' study are also 
shown in this report. 



PRODUCTION ANALYSIS OF 

CUT-AND-COVER TRENCH CONSTRUCTION 

by 

Gunars Abele 

~NTRODUCTION 

With the advancement of research activities on the Greenland Ice Cap, it has be
corne desirable to expand the scope of study of various transportation methods, in part
icular the concept of undersnow traffic ability • 

Preliminary studies of this concept were initiated durin-g the summer of 1960 at 
Camp' Fistclench (Abele, 1962). 

In 1961 at Camp Century construction was begun of a l600-ft-long, cut- and-cover 
trench containing horizontal curves. During the 1961 season operating time was 
shortened considerably due to the lack of available Peter plows, and only a l200-ft 
length of this trench was completed. The remaining 400-ft length was cut during the 
1962 season. 

The purpose of this report is to present and analyze the production data of the con
s truction of a cut-and-cover trench containing horizontal curves. It may also be used 

as a guide in estimating the work schedule and equipment required if the concept of under
snow transporation is found to be feasible and a trench of this type is desired. 

DEFINITION OF TERMS 

The terms below are defined as used in this report. For the first four terms see 
also Figures 2, 3, and 4. 

5 poil cut - a cut made along the proposed trench to provide room for excavated snow 
and to decrease the height of banks that accumulate along the trench as cutting 
progresses. Also includes cuts made to remove soft surface snow. 

Trench cut - any cut made while excavating snow from the trench. 

First cut - the initial trench cut, made with considerable accuracy by following a string 
line. The roof-arch seats rest on the walls of this cut. 

Undercut -. any trench cut in which the plow Cl,lts .into the trench wall (max 12 in.), pro
ducing an overhang above the cut. 

Ramp cut - extension (on a grade) at end of a trench cut. 

Cro::ps-sectional area of cut -represents the vertical area of cut perpendicular to the 
direction of cut. 

Full-capacity cut - a 4~ft-deep cut, .having a cross ,:"secti6nal area of approximately 
'.3 6ft~ (The Peter plow can produce ·a cut approximately 4.5 ft deep in low .. density 

snow and as much as 5 ft deep if the snow is exceptionally soft. This, however, 
is not the general case, particularly. in trench -excavation work. ) 

Three~foui"thscapacitycut '--a 3-ft--deep cut,: 'or'any cut having a cross-sectional area 
between 24 and 28 ftz~ 

One-half capacity cut - a 2-ft-deep c'!tj or any cut having a cross -sectional area between 
14 and 20 ftz. 
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Cutting speed - the forward speed of plow while making a cut. 

Cut time - time a~tually spent in cutting. 

No-cut travel - time during which the plow was moving in the immediate cutting area 
but did not produce a cut; e. g., time spent in return travel and turn-around after 
completing a cut. This does not include travel time to and from the construction 
site. " 

Machine time - the time the plow is' required to be in the immedi~te construction area. 
This includes cut time, "no-cut travel, engine warmup, refueling, preventive field 
maintenance, and other minor but unavoidable delays. It does not include delays 
due to weather conditions, serious mechanical failures or breakdowns, or travel 
time to and from the construction area. 

DESCRIPTION OF WORK 

Preliminary work 

Layout of the trench is shown in Figure 1. 

The machine used for the trench cutting, the Peter plow, has been discussed in a 
previous report (Waterhouse; 1960). " 

Practice cuts, including undercuts, on a 150-ft-radius curve indi.cated that the 
Peter plow can cut a·curve of this radius. " Earlier tests indicated that it is possible to 
produce a 4-ft continuous cut at a 48. 5 -ft radius (Minsk, 1961), but this was accomplished 
in a low-density snow and without undercutting. 

Cutting the full length of the trench at once would involve the risk of the trench be
coming filleq by drifting snow," particularly in case" of a storm. Since only approximately 
600"ft of arches was available, it was decided to cut the trench in three increments. 

B~fore the actual cutting of the trench, a 2-to 3. 5-ft-thick surface layer of soft 
snow and sas trugi was cut off to provide for better arch-seat support. Mos t of the 
spoil cuts were made on the leeward side of the trench. However," due to the amount of 
snow to be excavated, it was necessary to have spoil cuts on the windward side as well. 

Cutting of trench 

'The cutting, for the mosl part, was done in two 10-hr shifts, utilizing one Peter plow. 

Cutting of the first section, "approximately 500 ft long, was begun in the l50:...ft-radius 
curve and continued through the straight section to the beginning of the 200-ft-radius 
"curve (Fig. 1). The sequence of cuts for all sections is shown in Figures 2 through 4. 
The cutting procedure and the sequence"of cuts in general were left to the discretion of 
the plow operators. 

As soon as the first section was cut, the arching and covering was begun~ Atthe 
s arne time the cutting of Section 2 (700 ft long) was started. Thus, a simultaneous 
covering and cutting operation was, maintained. 

Section 3 (400 ft long) was cut during the next season. 

Covering' 

The technique for installirig and covering arches has been previously described by 
Waterhouse (1955, 1960). " 
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PREVAILING'::::: ~-::::. 
WINDS """"-b-

NOTE: 
Rodii of curves 10 inside edg~ of first cut. 

-:- .:-. -: '. :. :: ·r".: . -:-:._:- _ !.: .'~ :'::: :->::::. :-.~. ~::: .' ';:: ::~-: ':', :.:: :."~':;,.:.:. ::~ ~.: ::~':';':-::': '.:':: .. -
~~~----5ECTION I ,500' 

--==:J- DIRECTION OF CUT-

Figure 1. Layout of trench. 

END VIEW 

Figure 2. Cross. section of trench, Section 1. 
Cuts 1 through 6 are spoil cuts. , NUlnbers indi

cate sequence of cuts. 
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END· VIEW 

Figure 3. Cross section of trench, Section 2. 
Cuts 1 through 5 are spoil cuts. Numbers indi

cate sequence of cuts. 

END VIEW 

Figure '4. Cross section of trench, Section 3. 
Cuts 1 through 9 are spo~l cuts. Numbers indi

cate sequence of cuts. 
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Standard 8 ft 10 in.- and 9 ft 4, in.-corrugated steel arches were used with the arch:", 
seat assembly which has been developed by Waterhouse. ,In several places, because of 

"damage to trench walls in which the arch seats are placed, l4-ft arches had tobe .us~d. 
The arc,hes were covered with three layers of snow, each approximately 12 in" thick and 
placed on the arches at least 24 hr apart. The snow roof was allowed to age-harden 
a minimum of 48 hr before removing th~ arches~ 

Processing and leveling of trench floor 

The trench floor of Section 3 was processed to a depth of approximately 3 ft, using 
a Peter plow with hack-casting chutes. To obtain t,he desired width of processed surface,' 
two cuts were required. 

Immediately after processing, the entire length of trench floor was leveled using 
an ,automatic snow planer pulled by a D-8' Low Ground Pressure tractor. 

Ins tallation of utilities 

An electrical lighting system, having light-bulb outlets every 50 ft, was installed 
on one side of the trench. 

Three 1000 ft3/ m in-capacity exhaust fans were in'stalled in the roof of the trench 
approximately 400 ft apart. 

Data obtained, 

A time.,.motion study was made of the construction of the trench. The data obtained 
included the density of the snow, length and cross-sectional area of each cut, time re
quired to complete each cut, travel (no-cut) time of the plow, plow-servicing and, 
maintenance time, consumption of fuel, processing and leveling of trench floor, installa-, 
tion of utilities, and a record ofweathere<:mdltions. "\ ' 

DISCUSSION OFPRODUC TION DATA 

Cutting 

The complete record of the production data is shown in Appendixes A and B. 

In order to determine how the face area of cut affects the cutting speed of the plow, 
the cross:-sectional (or face) area of cut vs the forward speed of the plow was plotted 
(Fig. 5). This shows the rate of decrease of the cutting speed as the cross-sectional 
area of the cut increases. The output, however, increases with increas~ in the cross
sectional area of cut (Fig. 6)~ Therefore, better production can be obtained with a 
full cut, even though the forward speed of the plow is considerably less than maximum. 

It is expected that an increase in density of the snow would tend to decrease the 
cutting speed of the plow, due to the higher resistance to shear. Butkovich (1956) 
has shown the shear strength arid the work of disaggregation per unit volume of snow 
at various densities. His results indicate that snow having a density below 0.3 g/crn3 

has practically no shear strength and required virtually no work to disaggregate. The 
shear strength increases rapidly in the density range of 0.4 g/ cm3 and above. This 
rapid increase in shear strength increases the work of disaggregation in the same 
manner, thus causing a decrease in cutting speed. " ' ' 

However, no significant effect was noted on the forward speed of the plow due to 
changes in density 6f the snow. The density varied between 0.34 and 0.51 g/cm3, 
which is by no mean,s an extensive range (Fig. 7); therefore, the actual effect of density 
variance on the cutting speed of the plow could not really 'be determined. 

/ 

In general, ,the average forward speed of the plow did not decrease as cutting pro
grE(ssed deeper below the surface and higher-density snow was encountered. It appeared 
tha~ the forward speed of the plow depended to a much greater extent on the operator 
and'. the condition of the plow. ' , 
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Figure 7. Density profile of undisturbed snow. 

The output,. in terms of tons per hour, also remained virtually unchanged with 
increased depth below surface {Fig. 8}. With full-capacity trench cuts the output appeared 
to increase. Any increase in output with an increase of depth below surface would have 
to be attributed to an increase in the density of the snow. 

It shouldbe emphasized that any attempt to relate the forward cutting speed of the 
plow or the output to ari increase of depth below the original snow surface or the increase 

~ in density would be, at this point, misleading. The plow operator and the mechanical 
condition of the plow are still the main controlling factors~ 

It can be estimated, however, that trench:-cutting productivity in general will de.
crease slightly as cutting progresses deeper below the original snow surface. It is 
reasonable to assume that the output, in terms of volume' excavated per unit time, will 
decrease with depth below surface, due to a decrease .in cutting speed, but output,in 
terms of weight excavated per unit time, will remain practically constant due to an" 
increase in snow' density. 

The spoil cuts were· made without any regard for accuracy, which resulted in 
higher production. Better workmanship was :t:'equired for the trench cuts; the first cuts 
were made with considerable care, since the arch seats would be installed on the walls 
of these.cuts. In Figures 5, 6, and 8 the data for trench cuts are therefore shown sep-
aratelyfrorn those of the spoil cuts. . 

Altogether 64 hr 45 min of actual plow cutting time was required to cut a l600-ft 
length of partly curved trench {in three secti9ns} with spoil cuts along each side of the 
trench and a 1.50-ft r.arnp at each end. Of this time, 9 hr 15 min was spent on spoil 
,cuts, 4 hr 45 min on rarnpcuts,. and 50 hr 45 min on trench cuts. This gives an average 
rate of 24. 7 ft/hr of trench (including spoil and ramp cuts). An additional 25 hr 30 min 
was spentinplow travel time {no-cut travel}, which included return travel time after . 
completing a cut or, in some cases, turn-around time.. This, however, does not include 
travel t~ and from the maintenance and repair shop. 

Approximately 6 hr were spent in minor rniscellaneous delays {engine working 
. but no forward movement}. Cleaning the windshield, shoveling snow from the running 
board, and other necess.ary short stops during the'cutting operation are included here. 
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Approximately 9 t hr were spent·performing standard, pr-eventive field maintenance, 
'refueling and warming \lP the engine. 

The above items (total time 105 hr 45 min) may be considered as machine time re
quired to cut a trench of the shape and dimensions given previously. This time includes 
.only those items which cannot be eliminated from the proper operational procedure in 
cutting a trench. . 

The average production during the 64 hr 45 min of cutting time was 466 yd3 /hr or 
166 tons /hr ,the total volume of snow excavated being 815,464 ft3, and the weight 
10, 775.; 5 tons (App. A). 

Tre individual production rates for Sections 1, 2, and 3 (trench cuts only) were 
339 yd3 /hror 124 toris/hr, 332 yd3 /hr or 126 tons/hr, and 455.yd3 /hr or 170 tons/hr, 
respectively. Productivity while cutting a straight trench is increased by 300/0 to 400/0 
over that of a curved-trench construction. 

A total of 725 gal of diesel fuel was used to operate the plow. This equals approxi
mately 14.9 tons. of snow excavated per gallon of fuel, or approximately 2.2 ft of trench 
per gallon of fuel. These data may vary with different plows. 

Cqvering 

The _arch installation and covering is not as time Gonsuming as the cutting operation. 
By providing sufficient manpower and using the_ proper technique, a simultaneous 
cutting"",cQvering operation can be maintained, i. e., covering of the previous section can 
be done while the next section is being cut. 

Approximately 100 man-hr were required to install the arches on Section 1 (500 it 
long), 120 man-hr on Section 2(700 ft long), and 70 man-hr on Section 3 (400 ft long). 
This gives an average rate of 5. 5 ft of roof per man-hr. A five-man crew was used, 
-which gives a rate of 27.5 ft/hr. (During the 1960 season a five-man crew, l.lsing 

. "wonder arches", ·ins~~l~ed a 500-ft arch roof in 18 hr, a rat~ of apprcxhnately 28 ft/hr.) 

. C·overing the 1600 it. of arches with snow required 16 plow-hr, a ra:tf~ of 100 ft of 
roof per hr per plow. The covering includes three I-ft-thick snow layer 3, deposited 
at leas t 24 hr apart. 
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Removing a 500-ft length of arches required '25 man-hr, a rate' of 20 ft of roof per 
man-hr; or, using a five,-man cr.ew, a rate of 100 ft of arches removed per hr per five
man crew. Therefore, the arch removing may be considered to require roughly one 
quarter of the installation time. ' 

Trench-floor processing'and leveling 

Dry processing 'of the trench floor with a Peter plow for a 400-ft length, 15-ft 
width (2 cuts), and 3-ft depth required 2. 5 hr of cut time, thus-giving a rate of 160 ft 
of floor perhr per plow. 

The effort involved in processing the trench floor is approximately 150/0 of that for 
cutting the trench and even less when taking into consideration the total effort required 
for constructing a trench. 

. The trench floor leveling for the entire 1600-ft length required 4 hr, using an auto
matic snow planer pulled by a D-8 LGP tractor. This gives a rate of 400 ft of floor per 
hr. 

Installation of utilities 

A total of'176 man-hr was required for the installation of the electrical system and 
three exhaus t fans. 

Es timating cutting production 

If the p.ercentages of the various items of machine time (nearly' 106 hr) are converted 
into a one day, LWO 10-hr shift operation, the daily time distribution would appear as 
shown in Figure 9a. If it is necessary to maintain a continuous operation in order to 
obtain increased production per day and approximately the same work distribution per
centages are used, the daily time schedule would appear as shown in Figure 9b. It may 
be possible to increase P7;oduction even more by reducing no-cut travel, i.e., using a 
turn-around at each end of the cut (Fig. 9c). This, however, would be inconvenient if 
several plows were used in tandem. With careful scheduling and proper planning of turn';' 
around location, this, nevertheless, is possible. 

The three conditions described above are realistic only if a 6-day work week is 
assumed, leaving 1 day a week for plow repair arid general ma,intenance. A 7-day work 
week can be considered only if a sufficient number, of standby plows are available. 

It can be reasonably assumed that at least 10% of operation time during a summer 
season will be lost due to unfavorable weather conditions. During the 1959, 1960, 
1961, and 1962 test seasons (June, July,August), approximately 12% of the time was 
uns uitable for trench;" cons truc tion work .. 

Using 'the assumptions stated in Figure 9c, taking into consideration delays due to 
weather conditions, and projecting this on a long-scale operation, the time distribution 
for a summer construction season would appear approximately as shown in Figure 10. 

The production per plow in terms of length of trench maybe determined by the 
following method: 

1. Total time of operation (June, July, August) 92 days 

,2. Delays due to weathe.r (assumed 12%) 11 days 

3. General maintenance and repairs (assumed 1/7 ?f total time) 13 days 

4. Machine time left 68 days 
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Figure 9. Daily time distribution .. 
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Figure 1 O. Projected time distribution (Jun-Aug). 

Gene ral conditions: 

Time of operation·: June, July, August 
ContJ-nuous operation (6 days per week, 1 day = 24 hr ) 
General maintenance: 1 day per week 
Minimum no-cut travel (turn around in trench) 
Sufficient number of stand-by plows to insure continuous operation .. 
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5. Cut time (assumed 75% of machine time) 

6. 51 days at 18 hr/day 

7. Rate of cut - 1600 ft of trench/64 hr, 45 min 

8. Dimensions of trench as shown in Figures 2, 3, 4 

9. Cutting performed in approximately 600-ft sections, 
918 hr x 24.7 ft/hr = 22,675 ft per plow (4.3 miles per plow) 
or: 445 ft/day per plow. 

51 days 

918 hr 

24. 7 ft/hr 

If a condition were assumed where a plow was available for each cut (mini:m~m 14 
cuts), plus a sufficient number of 'standby plows (a minimum total of 18 plows) to make 
possible a nonstop, continuous operation, considering weather as the only cause for 
delays: 

81 days x 24hr / day x 24. 7 ft/hr x 14 plows 672,235 ft/season 

(127.3 miles per season) 
! 

or: 9. 1 mil~s per plow 
/ 

or: 593 ft/day per plow. ' 

Theoretically, then, more than 100 miles of trench could be cut during a summer's 
construction season. This, however, cannot be considered a realistic estimate. A' 
miriimu~ of 18 plows in pe,rfect operational condition would be required. A truly con
tinuous operation could not be expected even' in favorable weather conditions. ' 

The 593 ft of trench per plow per day would seem to represent the upper limit of 
production, while the 445 ft of trench per plow per day is a more conservative as well 
as more realis tic figure. 
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APPENDIX A: CUTTING PRODUCTION DATA 
Type of cut* 

Section Cut Avg depth below Length of Cross-sectional Density of snow Time Avg speed of Vol of snow Wt of snow Output Capacity 
surface (ft) cut (ft) area of cut (ftZ) (glcm3) (lb/ft3) .(hr, min) plow(ft/min) excavated(ft3) excavated(tn) (yd3/hr) (tnlhr) Full 3 1 <.!. '4 Z G 

Section 1 1 1 600 18 .385 24.0 :25 24.0 10,800 129.6 " 959.2 311 R 
2 1 600 14 .385 24.0 :25 24.0 8,400 100.8 746.0 242 R 
3 1 600 18 .385 24.0 :20 30.0 10,800 129.6 1,201. 2 389 R 
4 2 600 36 .37 23. 1 :30 20.0 21,600 249.·5 1,600.0 499 R 
5 2 600 36 .37' . 23. 1 :35 17. 1 21,600 2~9.5 1,371.5 427 R 
6 5.5 600 27 .345 21. 5 :30 . 20.0 16,200 174. 1 1,200.0 348 R· 

Total (Spoil cuts) 149 2:45 21. 8 89,400 1,033.1 1,204.0 376 (Avg) 

7 4 500 36 .35 21. 9 1 :30 5.6 18,000 197. 1 444.4. 131 'F 
8 8 500 36 .39 24.3 1 :00 8.3 18,000 218.7 666.7 219 U 
9 8 500 8 .39 24;3 :55 9.1 4,000 48.6 161. 6 53 U 

10 11 500 20 .40 25.0 1 :00 8.3 10,000 125.0 370.4 125 U 
11 11 500 10 .40 25.0 ;55 9. 1 5,000 62.5 202.0 68 U 
12 14 500 36 .• 43 26.8 1:15 6. 7 18,000 241. 2 533 .. 3 193 U 
13 14 500 24 ..43 26.8 1: 10 7. 1 12,000 160.8 380.8 138 U 
14 17 500 19.5 .46 28:7 1 :20 6.3 9,750 139.9 270.9 105 U 
15 17 500 16.5 .46 28.7 1: 15 6.7 8,250 11'8.4 244.4 95 U 
16 19 500 18 .46 28.7 i :00 8.3 9,000 '129.1 333.3 129 R 
17 20 500 24.5 .47 29.3 1:30 5.6 12,250 179.5 302.5 120 U 
18 20 500 24.5 .47 2.9.3 1: 15 6.7 12.,250 179\ 5 363.0 144 U 
19 2.0 500 5 .47 29.3 :30 16.7 2.,500 36.6 185;2. 73 U 
20 23 500 18 .51 31.8 1 :20 6.3 9,000 143. 1 250.0 107 R 
2.1 23 500 18 .51 31. 8 1: 15 6.7 9,000 - 143. '1 266.7 114 R 

Total (Trench cuts) 314 17: 1 0 7.3 157,000 2, 12.3. 1 338.7 124 (Avg) 

Total (Ramp cuts) 2:45 2.1,376 271. 4 287.9 99 (Avg) 

Total (Section 1) 22.:40 2.67, 776 3,427.6 437.5 151 (Avg) 

Section 2 1 1 600 18 .385 24.0 :30 2.0.0 10,800 129.6 800. 0 259 R 
2 1 600 18 .385 2.4.0 :25 2.4.0 10,800 129.6 959.2 311 R 
3 2 600 36 .39 2.4.3 :35 17. 1 21,600 262.4 1,371.5 449 R 
'1' 2 600 36 .39 2.4. ~. :35 17. 1 21,600 262.4 1,371.5 449 R 
5 5.5 600 27 .42- 26.2 :40 15.0 16,2.00 212.2 899.6 318 R 

Total (Spoil cuts) 135 2:45 18.2 81,000 996.3 1,090.9 362 (Avg) 

6 4 615 36 .41 25.6 2.:00 5. 1 22,140 283.4 410.0 142 F 
7 8 642 36 .43 26.8 1 :40 6.4 23, Ill. 309.7 513.5 186 U 
8 8 642 8· .43 26.8 1 :00 10. 7 5, 136 68.8 190.2 69 U 
9 11 655 20 .45 28.1 1:30 7.3 13,100 184.1 323 •. 5 123 U 

10 11 655 10 .45 28. 1 1 :25 7.7 6,550 92.0 171. 2 65 U 
11 14 668 36 .44 27.5 2:00 5.6 2.4,048 330.7 445.3 165 U 
12 14 668 2.4 .44 2.7.5 1 :50 6.1 16,032. 220.4 323.8 120 U 
13 17 . 678 . 19.5 .43 2.6.8 1 :30 7.5 13,2.21 177.2 3.26.4 118 U 
14 17 678 16.5 .43 26.8 1 :30 7.5 11,187 149.9 276.2 100 U 
15 19 685 18 .46 28.7 1 :25 8. 1 12,330 176~9 322.3 125 R 
16 20 688 2.7 .47 29.3 2.:20 4.9 18,576 272. 1 294.9 117 U 
17 20 688 2.7 .47 29.3 2.:00 5.7 18,576 272. 1 '344.0 136 U 
18 23 697 18 .51 31. 8 1:40 7.0 12,546 199.5 278.7 120 R 
19 23 697 18 .51 31. 8 1 :30 7.7 12,546 199.5 309.8 133 R 



Cut Time ;"vg speed of 
Type of cut* 

Section Avg depth below Length of Cross-sectional Density of snow Volof snow Wt of snow Output Capacity 
surface (ft) cut (ft) area of cut (ft~ (g/cm3) (lb/ft3) (hr, min) plow(ft/min) excavated(ft3) excava~ed(tn) (yd3Jhr) (tn/In) Full t t <t 

Section 2 (cont1d) 

Total (Trench cuts) 314 43:20 7.0 209,100 2,936.3 331. 9 126 (Avg) 

Toeal (Ramp cuts) 1: 15 10,688 135.7 316.7 109 (Avg) 

Total (Section 2) 27:20 300,788 ~,068.3 407.6 149 (Avg) 

Section 3 1 2 400 31. 5 .41 25.6 :25 16.0 12,600 161. 3 1,119.1 387 R 
2 2 400 31. 5 .41 25.6 ~20 20.0 12,600 161. 3 1,400.1 483 R 
3 2 400 30 .41 25.6 :20 20.0 12,000 153.6 1,334.7 460 R 
4 1 400 18 .41 25.6 :.15 26.7 7,200 92.2 1,066.7 369 R 
5 2 400' 31. 5 .41 25.6 :25 16.0 12,600 161. 3 1,119.1 387 R 
6 5.5 400 36 ,~ 39 24.3 :35 11. 4 14,400 175.0 914.3 300 R 
7 2 400 28 .41 25.6 '~20 20.0 11,200 143.4 1,245.7 430 R 
8 5.5 400 36 .39 24.3 :35 11. 4 14,400 175.0 914.3 300 R 
9 4 r 400 36 .40 25.0 :30 13.3 14,400 180.0 1,066.7 360 R 

Total (Spoil c~ts) 278.5 3:45 16. 0 111,400 1,402.9 1,100.2 374 (Avg) 

10 5:5 400 36 .39 24.3 1:00 6.7 14,400 175.0 533.3 175 F 
11 9.5 400 36 .345 21. 5 1:05 6.2 14,400 154.8 492.3 143 U 
12, 9.5 400 8 .345 21. 5 :30 13.3 3,200 34.4 237.0 69 U 
13 12.5 400 20 .44 27.5 :45 8.9 8,000 110.0 395.1 147 U 
14 12.5 400 10 .44 27.5 :30 13.3 4,00.0 55.0 296.3 110 U 
15 15.5 400 36 .45 28.1 :50 8.0 14,400 202.3 640.2 243 U 
16 15.5 400 24 .45 28.1 :40 10.0 9,600 134.9 533.1 202 U 
17 18.5 400 19.5 .45 28.1 :45 8.9 7,800 109.6 385.2 146 U 
18 ,18.5 400 17.5 .45 28.1 :40 10.0 I 7,000 98.3 388.7 147 U 
19 21. 5 400 36 .495 30.9 1: 00 6.7 

./ 14,400 222.5 533.3 222 U 
2iO 21. 5 400 36 ' .495 30.9 :55 7.3 14,400 222.5 581.8 243 U 
21 24.5 400 18 .505 31.5 :50 8. ° 7,200 113.4 320.1 136 R 
22 24.,5 400 18 .505 31. 5 :45 8.9 7,200 113.4 355.6 151 R, 

Total (Trench cuts) 3.15 10d5 8.5 126,000 1,746.1 455.3 170 (Avg) 

Total (Ramp cuts) :45 9,500 130.6 469.1 174 (Avg) 

Total (Section 3) 14:45 246,900 3,279.6 620.0 222 (Avg) 

Total (All spoil cuts) 9: 15 18.4 '281,800 3,432.3 1,128.3 371 (Avg) 

Total (All ramp cuts) 4:45 41,564 537.7 324.1 113 (Avg) 

Total (All trench cuts) 50:45 7.6 492,100 6,805.5 359.1 134 (Avg) 

GRAND TOTAL 64:45 815,464 10,775.5 466.4 '166 (Avg) 

"R regular cut (no undercut) 

U undercut ., 

F first cut (no undercut) 



APPENDIX B: SUMMARY OF PRODUCTION DATA 

Spoil cuts 
Ramp cuts 
Trench cuts 

Total cut time 

. No-cut travel 
Field maintenance 
Misc. minor delays 

Total no-cut time 

Time 

9~ 25 hr 
4. 75 hr 

50.75 hr 

2.5.5 hr 
9.5 hr 
6.0 hr' 

64.75 hr 

41. 0 hr 

/ . 
Total machine time 105.75 hr 

Rate of production: 

Cutting 
In terms of machine time 
In terms of cut time 

Covering 
Arch ins tallation 
Arch covering 
Arch removing 

Trench floor preparation 
Processing 
Leveling 

Installation of utilities 
Electrical lighting system 
Exhaust fans 

Rate of fuel co.n:.sumption: 

Range of air temperatures during operation: 

Amount of snow excavated 
(it3) (tons) 

281,800 
41,564 

492,100 

3,432.3 
537.7 

6,805.5 

. 815,464 10,775.5 

1600 it/l 05. 75 hr 
1600 itl 64. 75 hr 

1600 ft/290 man-hr 
1600 ftl 16 p1ow-hr 

500 ftl 25 -man-hr 

400 ft/2. 5 p1ow-hr 
1 60 0 f t I 4 h r., 

1600 ftl 80man-hr 
3. fans I 96 man-hr 
1 600ft I 725 gal 

, 10,775.5 ton/725 gal 
-12C to tIC 

= 

= 

'= 

Output 
(yd3/hr) (tons/hr) 

1128 371 
3.~4 113,' 
359 134 

466 
.(Avg) 

166 
(Avg) 

15~ 1 ft of trench/hr 
24. 7 ft of trench/hr 

5.5 ft of roof/man-hr 
100 it of roof/p1ow-hr 

20 ft 6f roof/.man-hr 

160 ft of floor Ip1ow-hr 
400 it of floor Ihr 

20 ft/rnan-hr 
32 'rnan-hr/fan 

2. 2 ft of trench I gal 
1~. 9' tons of snow I gal 



APPENDIX C: REQUIRED-EFFORT COMPARISON FOR CONSTRUCTING A CUT-AND-COVERTRENCH 

Item 

Cutting (in terms of 
machine time, 1 plow) 

Installation of arches 
(S-man 'crew) 

Covering of arches 
(1 plow) 

Removing of arches 
(S-man crew) 

Processing trench floor 
(1 plow) 

Leveling trench floor 
(snow planer w/n.:..S) 

Installation of electrical 
system (S-man cre.w) 

Installation of exhaust 
fans, 1 fan/400 ft 
(S-man crew) 

Percent of total 
effort (in terms 
of time) Cut time 260/0. 

42.S ellalll1711 77171771177 741 

23.2 

6.4 

6.4 

4.0 

1.6 o 

6.4 

9.S 
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APPENDIX D: OUTPUT' REFERENCE CHART 

GENERAL FORMULA: P = 1.873 AvY 
p: PRODUCTION (OUTPUT) tons I hr. 

A=CROSS-SECTIONAL AREA OF CUT (ft2) 

y= FORWARD SPEED OF PLOW (ft/min) 

y= DENSITY OF SNOW (g / em 3.> 

202 4 6 8 10 20 40 60 

FO.RWARD ,CUTTING SPEED OF PETER PLOW (ft/min) 


