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PREFACE 

The study reported herein was performed under the RDT&E Program, 

Project 4A762719AT40 , Work Unit E0/005 entitled "Improved Tunnel and 

Rock Cavity Support Systems," sponsored by the Office , Chief of Engi­

neers (OCE), U. S. Army . Mr. D. S. Reynolds was the OCE Technical 

Monitor . 

The investigation was conducted by the U. S. Army Engineer Water­

ways Experiment Station (WES) during the period FY 77-FY 80 . The study 

was conducted under the direct supervision of Mr . J . S. Huie , Chief , 

Rock Mechanics Applications Group (RMAG) , Geotechnical Laboratory (GL) , 

and under the general supervision of Dr. D. C. Banks , Chief , Engineering 

· Geology and Rock Mechanics Division ; Dr . W. F . Marcuson III , Chief , GL ; 

and Dr . P. F. Hadala , Assistant Chief , GL . Mr . R. D. Bennett , RMAG , 

prepared the report. 

Commander s and Directors of the WES during the investigati on and 

prepar ation of this report were COL John L. Cannon , CE, COL Nelson P. 

Conover , CE , and COL Tilford C. Creel, CE. Technical Director was 

Mr. F. R. Brown . 
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CONVERSION FACTORS, U. S. CUSTOHARY TO HETRIC (SI) 
UNITS OF MEASUREMENT 

U. S. customary units of measurement used in this report can be con­

verted to metric (SI) units as follows : 

Hultiply 

acres 

Fahrenheit degrees 

feet 

gallons per minute 

inches 

miles (U . S. statute) 

, pounds (force) per square 
foot 

pounds (force) per square 
inch 

pounds (mass) per cubic 
foot 

By 

4046 . 8 

5/9 

0. 3048 

0. 003785 

25.4 

1. 61 

4 . 882 

703.1 

16.02 

To Obtain 

square metres 

Celsius degrees or Kelvins* 

metres 

cubic metres per minute 

millimetres 

kilometres 

kilograms per square metre 

kilograms per square metre 

kilograms per cubic metre 

* To obtain Celsius (C) temperature readings from Fahrenheit (F) read­
ings. use the following formula: C = (5/9)(F - 32) . To obtain Kelvin 
(K) readings . use: K = (5/9)(F - 32) + 273 . 15. 
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TUNNEL COST-ESTIMATING METHODS 

PART I: INTRODUCTION 

Background 

1. Tunnel construction in the United States has been character­

ized as a high-risk, high-cost business. Cost overruns and delays have 

been especially damaging to public support for rapid transit tunnel 

projects and, to a lesser extent, to water tunnels . This support is 

critical since most tunnels are built and maintained with taxpayers ' 

dollars. Consequently, decision makers have been forced to consider the 

following difficult questions : 

a . What factors cause these overruns, what is the relative 
impact of each factor , and what can be done to improve 
the assessment of these factors? 

b . What is needed to make tunnels more competitive with 
aboveground alternatives? 

c. The big question: Are these projects necessary and in 
the best interests of the taxpayer or are there better 
alternatives? 

2. Much research has been sponsored by public agencies to find 

answers to these questions . Institutional factors have been studied 

(Mayo et al. 1968 and 1976, and National Research Council 1974) . Such 

factors include the business climate , the reputation of the owner, the 

relative demand for tunnel construction and competing construction , 

which influences bid prices, risk, and profitability, and the general 

owner-engineer-contractor relationship. The barriers to technological 

innovation and to increased competition through the entry of new firms 

into the market have been studied, and recommendations have been made 

for improving the current situation. This report deals with one part of 

the overall problem; i . e., given the natural variability of underground 

conditions, the productivity of various combinations of men and equip­

ment capable of constructing a tunnel, and the uncertainty of the eco­

nomic climate, how reliable can the estimate of the cost of this planned 
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construction be? A companion question to which answers were sought was , 

what is the relative cost impact of each of the identifiable items of 

uncertainty? 

Purpose 

3. The purpose of this study was to develop or adapt reliable 

methods for estimating tunnel construction costs that could be used by 

planners and designers who are not necessarily tunnel experts or 

estimators . 

Scope 

4. This report presents the results of a study of tunnel cost­

estimating methods . Important elements of tunnel construction are sum­

marized and manual methods and computer models for estimating tunnel 

cos t s are described and compared in Part II . The computer model (COSTUN) 

was selected for in-depth study using case histories of completed tun­

nels . The t hree types of estimates prepared for each of the three se­

lected case histories are as follows: 

a . Estimates were prepared using all information known to be 
available to bidders. These estimates were compared with 
the engineer's estimate and contractor ' s bids . 

b. Estimates were prepared using all information available 
at completion of the tunnel. These estimates were com­
pared with the as- built cost and the preconstruction 
estimates and bids. 

c . Parameter studies were made using all information known 
to bidders . Several estimates were prepared to assess 
the cost consequences of assigning different values to 
one factor while holding all other factors constant . 

5. The results of the analysis of COSTUN using tunnel case 

histories are discussed in Part III, and the summary and conclusions are 

presented in Part IV. A complete user's guide for the COSTUN computer 

program is contained in Appendix A. 
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PART II : DESCRIPTION OF ESTIMATING METHODS 

6. In this section, a general discussion of tunneling and tun­

nel cost estimating is presented , and manual methods, including the use 

of cost curves , are discussed . Four computer models for estimating 

costs are descri bed and compared . 

Elements of TUnnel Cons t ruction 

7. Before planning and estimating the cost of a tunnel , it is 

necessary to understand the different equipment and work methods tha t 

can be used to accomplish the job . Tunnel construction equipment may be 

divided into three main groups: (a) excavation equipment such as drills, 

jumbos, tunnel-boring machines, roadheaders , and mucking machines; 

(b) tunnel haulage equipment such as front- end loaders , t r ains , and con­

veyors ; and (c) service equipment a nd facilities such as ventilation and 

air conditioning, generators, hoists , and lights . Although the selec­

tion of service equipment and haulage equipment is not much affected by 

the selection of the heading excavation method, the selection of excava­

tion equipment is definitely dependent on this method . Parker (1970) 

and Mayo et al . (1968, 1976) pr ovide thorough treatments of tunneling 

from different perspectives. 

8. The actual construction of the tunnel consists of six main 

operations: 

a . Excavation . 

b . Muck disposal . 

c . Primary support installation . 

d . Pumping , grouting , or other gr ound control measures . 

e . Ventilation a~d air conditioning . 

f . Permanent lining installation . 

The methods and timing for each of these operations may be varied to fit 

project requirements, site characteristics, and to some extent , designer 

or contractor preference. Excava t ion methods and equipment commonly 

6 



used are described in the following paragraphs. A more detailed discus­

sion of various methods used in construction of tunnels and shafts is 

contained in EM 1110-2-2901 (Dept . of the Army, Office, Chief of Engi­

neers (OCE), 1978). 

Conventional tunnel 
driving (drill and blast method) 

9. Three major operations characterize this method of advancing 

a rock tunnel face . First, a burn cut is drilled at the center to allow 

room for rock expansion. Additional rings of holes are then drilled in­

to the face on a predetermined pattern, using air or hydraulically oper­

ated drills mounted on a movable platform or jumbo. The holes are then 

loaded with dynamite or ANFO (a mixture of ammonium nitrate and fuel 

oil) and exploders that are connected to an electrical firing circuit . 

Men and equipment are then moved back a safe distance and the round is 

fired . After ventilation of powder fumes, the mucker is moved in and 

loads the broken rock into muck cars. Then the muck is transported to 

the surface and disposed of, the mucker is moved back, and the drill 

jumbo again advances to the tunnel heading to start another round. 

Depending on rock conditions, grouting to stop groundwater inflow, sup­

port placement, and exploratory drilling ahead of the face may be nec­

essary before another round is drilled for explosives. 

10. Major decisions that must be made in the planning stages of 

a conventionally driven tunnel include whether air, electric, or diesel 

power will be used and whether equipment will be rubber-tired or travel 

on rails. The basis for selection of power options and equipment mobil­

ity are covered in detail by Parker (1970) and are only summarized in 

this report. 

11. Several variations may be used in conventional tunnel driv­

ing to accommodate special conditions. In good rock, full-face 

excavation is the favored method, but in poor rock or a mixed face, or 

in very large tunnels or caverns, heading and bench or multiple drift 

methods may be used. When heading and bench excavation is used, the top 

is normally driven portal to portal before excavating the bench. This 

practice allows the use of the drill jumbo in both operations. Prior to 
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about 1940, before jumbos became popular, the bench was usually exca­

vated just behind the heading , with only a short 10 to 15-ft* working 

platform left. 

12. Multiple- drift excavation is used when the crown must be 

continuously supported . Drifts may be driven at opposite springlines 

with rockbolts and shotcrete used for support. The rockbolts may ex­

tend transversely across the crown of the main tunnel so that it may 

then be safely mined . There are variations in the placement of drifts 

to meet special cases . 

13 . In a mixed-face excavation , part of the tunnel face consists 

of crushed rock or soft ground and the remainder is more competent rock. 

Forepoling or spiling is used to support the roof between the nearest 

steel set and the face . Sharpened wood spiles or steel rods are driven 

into the roof at a shallow angle from behind the nearest support and ex­

tended some distance beyond the face . 

14. Blasting patterns vary for different conditions and because 

of contractor preference . The many options and factors that should be 

considered to develop an efficient blasting pattern are discussed in de­

tail in EM 1110-2-2901 (Dept . of the Army, OCE, 1978). Blast holes are 

normally drilled either 8 or 12 ft deep . Two popular patterns are the 

angled cut and the burn cut. A combination of the two is also used . 

With the angled pattern, four cut holes are angled from the face to in­

tersect at the axis and are heavily charged. Next, a ring of relief or 

easer holes is drilled, followed by one or more rings of enlarger holes, 

depending on the tunnel diameter. The outermost holes are the trim 

holes. Trim holes in the invert are called lifters. Successive rings 

are detonated after predetermined delays , starting with the cut holes at 

the axis. The trim holes are fired last . The lifters in the invert may 

be fired before or after the 1rim holes around the crown and spring 

lines, depending on the desired shape and size of the muck pile . The 

burn cut pattern uses one or more large diameter uncharged holes at the 

* A table of factors for converting U. S. customary units of measure­
ment to metric (SI) units is presented on page 3. 
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axis to allow room for rock expansion when the outer rings are deto­

nated. Again blasting proceeds from the easer holes to the trim holes 

usually with predetermined delays between detonations of successive 

rings . 

15. Jumbos for drilling the blast holes may run on the same 

track as rail muck cars or may straddle the muck car tracks on wide 

gauge rails, or in large tunnels, the jumbo may be rubber-tired. In 

small tunnels, with insufficient head space for a jumb6, lightweight 

air- leg drills may be used . 

• 

16. Mucking in small tunnels may be accomplished using a rail­

mounted, air- operated , rocker- type shovel that loads the muck cars . In 

larger tunnels, an electric-powered mucker may scoop the muck onto a 

short conveyor section that dumps into the muck cars. The muck cars are 

pulled by electric or diesel-powered locomotives; if rail cars are used 

in steep-sloped tunnels, they may be winched. In very large tunnels , 

rubber- tired equipment is usually chosen for muck loading and hauling . 

Tunnels driven with a shield 

17 . Shield-driven tunnels get their name from a steel plate 

shaped to fit the outside dimensions of the tunnel . The shield is used 

to prevent loose material from flowing or running into the excavation 

and must be jacked against the face. The miners excavate the face 

work under the front section of the shield, while supports are erected 

inside the rear section of the shield. As the face is excavated, the 

shield is jacked forward and slides past the previously erected sup­

ports . Tunnel support is transferred from the shield to the supports 

that may be cast irori, steel, or precast concrete segments. The annular 

space left by the thick shield plate is filled with pea gravel and 

grouted soon after jacking the shield forward . The use of a shield is 

dictated by poor ground that cannot be safely mined otherwise . In run­

ning ground , breastboarding at the face is required . 

Tunnels driven under air pressure 

18 . Tunnels driven through soft ground below the water table or 

through crushed water-bearing rock zones require the use of compressed 

air in conjunction with the shield and partial or full breast boards at 
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the face . The air pressure is maintained by use of an air lock in the 

rear of the shield or at the portal. Sufficient pressure to balance the 

hydrostatic head is maintained forward of the air lock. Work hours are 

restricted proportional to the air pressure used, and a medical lock 

with a full-time attendant must be provided. Costs are proportionately 

higher for compressed air tunnels. The West Germans have recently in­

troduced a successful slurry shield, the Hydrashield, which balances the 

hydrostatic pressure at the face with a bentonite slurry under pressure 

and thus eliminates the need for compressed air work. 

19. Tunnels driven by boring machine (mole) . This method of 

excavation replaces the cycle of drill, blast, and muck with (nearly) 

continuous simultaneous excavation and mucking. In soft, competent rock 

conditions, moles make faster progress than conventional driving methods. 

The mole or tunnel boring machine has a round rotating or oscillating 

cutterhead that may be fitted with any of several types of bits, teetH, 

or discs, depending on the type of material encountered . The material 

removed by the cutter is scooped from the invert by a muck bucket that 

rotates with the cutterhead. The muck is dumped on a conveyor belt and 

carried away from the face, either to the shaft or portal or to muck 

cars behind the mole. Moles may be used with shields in incompetent 

materials or soft ground, but better progress is made in soft , consis­

tent rock where a shield is not necessary. Excavation in very hard rock 

wears down the bit very quickly; stratified rock or mixed face results 

in uneven thrust and excessive bearing wear and can cause large rocks to 

jam between the tunnel wall and rotating cutterhead. 

Tunnel Estimating 

20. Tunnel estimating is the art of conceiving a job on paper 

and properly evaluating the cost of planned construction . The assump­

tions and decisions that form the basis for cost computations are made 

by comparing cost records of similar completed projects, assuming a syn­

thetic organization of men and equipment and rates of material usage and 

progress, or a combination of the two. A cost estimate can be prepared 
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manually or with the aid of a computer, but the basic decisions that 

must be made are identical and often both methods are used as a check . 

To develop a synthetic model , the method of excavation must be chosen, 

types and amount of equipment selected , progress rates assumed, crew 

sizes and makeup decided , and man-days required to accomplish the job 

estimated . The actual estimate quantifies the cost of the various in­

puts, including equipment , labor , materials, supplies, supervision, and 

escalation . Normal contingencies, risk, interest, and profits are not 

included in the estimate but compose the markup added to the estimate to 

arrive at a bid price. Engineering design and inspection are usually 

absorbed by the owner and are not included in the estimate. On a manual 

estimate, an estimator sets down all computations and afterwards pre­

sents the quantities and costs on a spread sheet that must conform to 

the owner's format in the request for bids. For a computer estimate , 

production rates, crew sizes, wage rates, and work hours are among the 

necessary inputs to produce a tabulated cost estimate. There are dis­

advantages and advantages of each method. Probably no contractor has 

ever submitted a tunnel bid prepared solely by a computer; a manual es­

timate gives them more confidence in the assumptions and calculations 

used and serves as a check on the black box. On the other hand, the 

computer method allows an owner ' s representative to evaluate many alter­

natives to optimize route selection, support design, depth of cover, 

shape, excavation method, and other factors to arrive at the most eco­

nomically feasible option in the time available . A hand-calculated 

estimate may then be prepared on the most promising alternatives as a 

check. Obviously, then the selection of the method depends on the in­

tended use of the estimate . 

21. The following paragraphs present a discussion of the proce­

dures for preparing a detailed manual estimate, a preliminary estimate 

using unit cost data, and the use of cost curves. 

~wnual estimates 

22. The steps involved in preparing a detailed manual estimate 

follow: 
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a . Obtain and study plans and specifications . 

b. Inspect site. 

c . Review aerial photographs, geological reports, and bor­
ing logs . 

d . Tabulate quantity takeoffs . 

e . Obtain quotes from suppliers , insurance and bonding com-
panies , and subcontractors . 

f . Determine wage rates . 

~· Prepare construction schedule . 

h . Select excavation method . 

i . Select equipment . 

i · Estimate cost of equipment rental or purchase . 

k . Determine crew size and makeup. 

1. Estimate progress rates . 

m. Estimate cost of aboveground development . 

n. Estimate cost of tunnel excavation supplies . 

o . Estimate cost of tunnel excavation labor . 

~· Estimate cost of support and lining supplies . 

S· Estimate cost of plant . 

r . Estimate cost of concrete- lining labor . 

s . Estimate direct cost of other bid items . 

t . Tabulate all direct costs . 

u . Estimate indirect costs . 

v . Estimate camp costs . 

w. Estimate escalation. 

x . Tabulate total estimated costs of project in format re-
quired by request for bid . 

All the steps above are interrelated and must be checked back and forth . 

For example, the initial construction schedule may be altered several 

times, but the contract end date must be adhered to . Thus men and 

equipment may have to be added to accomplish some tasks more quickly . 

The plans and specifications will be referred to countless times, i . e . , 

after the site visit to check the impact of new information gained about 

access, labor wage rates and availability and their impacts on partic­

ular excavation methods, blasting restrictions , availability and cost of 
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power and water, etc. The review of geological information may indicate 

that a favored method of excavation or groundwater control will not work, 

necessitating changes . It is a good idea to prepare a checklist, and as 

each step is completed, compare them to determine if there are conflicts 

that must be resolved before moving to the next step. Quantity takeoffs 

must be calculated for each supply item or task and tabulated for conve­

nient identification and cost of every aspect of the job. Requests for 

quotations from equipment and materials suppliers are made at the earli-

est possible date, 

down these costs. 

even before the excavation method is chosen , to nail 

These quotes serve as the basis for evaluating alter-

native methods and equipment. 

23 . Wage rates and availability are usually determined during 

.the site visit , but they may change before the contract is awarded and 

so must be watched carefully . Selection of the excavation method sets 

the stage for many of the subsequent decisions and must be carefully 

weighed against required equipment purchases versus equipment currently 

owned , required crew makeup , manufacturer's lead time, and a host of 

other factors. Currently owned machines are always favored if they are 

suitable for the tasks . Selection of muck haulage and service equipment 

is not much affected by the excavation method. Tunnel length , size , 

shape , distance to disposal, and time allowed for completion do have a 

major impact on types and numbers of equipment used. Similarly , crew 

size and makeup are dependent on methods and equipment used. The ad­

vance rates that can be achieved are tied to all these factors ; the 

slowest unit of production is the controlling one . For example , a tun­

nel boring machine may be capable of excavating 50 ft per shift, but if 

it is mated with a muck removal system that is slower or breaks down of­

ten, the mole will never develop that rate . In drill and blast tunnels, 

the length of rounds must be balanced against the capacity and cycle 

time of the muck removal system. Juggling men and equipment, length of 

rounds, etc., may be required to achieve the best possible efficiency. 

In some cases, more men and equipment might speed up mucking, but lim­

ited work space in small tunnels might preclude this effort . In such a 

case , multiple headings or alternating headings may be advantageous. To 
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·----------------------------~~----------------~-------

achieve a synchronized efficient advance rate with the least possible 

idle time is one of the most difficult, yet necessary , tasks in tunnel 

construction. It cannot be done with any finality on paper but requires 

continuous monitoring and the ability to adapt quickly to changing 

conditions . 

24. When the best estimate of progress rates has been arrived 

at, the next step is to tally the direct and indirect costs of each pay 

item. Direct costs may be arranged in the following categories after 

the equipment , crew makeup, advance r ates , and quantities have been set : 

a. Access and supply logistics (mobilization). 

b . Tunnel excavation . 

(1) Labor. 
(2) Materials . 
(3) Equipment . 

c . Primary support . 

(1) Labor . 
(2) Materials. 
(3) Equipment . 

d. Lining . 

(1) Labor. 
(2) Materials. 
(3) Equipment . 

e . Demobilization and salvage . 

25 . Indirect costs must be developed next . Checklists are time­

saving aids for this task and can be used for insurance, plant , field 

overhead , and office supervision . The effects of inflation and the data 

used by the contractor to develop a cash- flow forecast must be checked. 

In some instances, the figures may be juggled to produce a more favor­

able cash flow during the early stages of the contract . This practice 

is known as unbalancing the bid . An owner ' s representative is less con­

cerned about cash flow but must consider the yearly budget requests and 
. 

needs of the owner if the tunnel is publicly owned . (Most tunnels are 

owned by state and federal agencies) . The estimated costs, when to­

taled, will be the basis of the build-no build decision by the owner and 

the bid-no bid decision by the contractor . In addition, the contractor 

must consider other market conditions, including interest costs, minimum 

14 



attractive rate of return, business- mix objectives, key personnel, etc . , 

and balance this job against other tunnel jobs or other heavy construc­

tion, each with its own set of potential rewards and penalties . 

26 . The steps required to manually estimate the cost of tunnel 

construction have been outlined . According to personnel in large tunnel 

construction firms , the average time required to prepare a detailed tun­

nel estimate is three weeks and ranges from two weeks to two months. 

Unit cost method 

27. The unit cost method of estimating tunnel costs is a well­

accepted simple technique for making preliminary or planning estimates . 

It relies on historical records of similar jobs. Basically, the esti­

mator prepares quantity takeoffs for the tunnel and determines the unit 

cost of each item by comparison with other similar tunnels . These costs 

may or may not be adjusted for inflation, regional differences, etc . 

The sum of the unit cost times the quantities of each item yields the 

tunnel cost . Obviously, this simplified method may not reflect the ac­

tual cost for several reasons : (a) differences in locations, construc­

tion methods, special site conditions, etc . , are not accounted for and 

may not be recognized; (b) if unit cost data are developed from the 

three lowest bids , as is often the case, the common practice of unbal­

ancing bids will distort the unit costs. However, the total cost may 

not be affected much because an unbalanced bid is just a redistribution 

of the total cost to improve cash flow in the early stages of a project ; 

(c) unless adjustments are made for inflation, large errors may result ; 

(d) bidding climate influences are not accounted for, such as the number 

of prospective bidders and number of competing jobs. However, only the 

profit margin would be affected, and since profit margin ranges from 

about 3 to 20 percent, this omission would not negate the unit cost 

method ' s usefulness for preliminary estimates or comparison of 

alternatives . 

Tunnel cost curves 

28. One of the earliest reported developments to improve the re­

liability and reduce the time required for preliminary tunnel estimates 

was made by the California Department of Water Resources (1959) . Their 
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need for reliable preliminary estimates to aid in route selection led to 

the formulation of a family of "cost curves." Case histories were ana­

lyzed to determine the cost impact of all factors involved in tunneling . 

They considered four major construction items affecting cost: excava­

tion , support, dewatering , and lining. For each item, a family of cost 

curves was developed . Each curve represented a specified geological 

classification . The curves were plotted as item cost per foot of tunnel 

versus tunnel diameter . This work was done before moles and other tun­

neling advances were widely used . Consequently, the curves were repre­

sentative of costs for conventionally (drill and blast) excavated tun­

nels , using standard steel-set support design (Proctor and White 1946) . 

Soft ground , cut and cover , and mole excavation were not considered . 

Only circular-shaped tunnels were analyzed . The cost-per- foot figures 

were lump sum, not subdivided for labor , equipment , and materials , or 

profit , contingency, and overhead . Prior to the years of rapid infla­

tion , these curves served their purpose quite well. The estimator sim­

ply entered the family of curves with a known tunnel diameter and esti­

mated the length of each representative geological classification, then 

found the appropriate cost per foot for his tunnel . The cost per foot 

multiplied by the length was the total segment cost . Segment costs were 

summed over the tunnel length to produce a total estimated cost of the 

tunnel. Inflation and advancing technology eventually eroded the reli­

ability of the curves , but they were a starting point for estimators in 

following years . 

Computer methods 

29. The steps involved in preparing a tunnel cost estimate with 

the aid of a computer are identical with those required for a manual es­

timate. The input data must conform to the requirements of the particu­

lar model being used . Some models have subroutines built into them that 

allow crew sizes, advance rates , lining thickness, and ground control 

measures to be calculated internally . These internal calculations may 

be suppressed by direct input of the required parameters, manually over­

riding the calculated value . Other models require that all information 

be input, just as in a manual estimate . Four computer models were 

16 



investigated during this study . One important aspect to remember is 

that although computer models unquestionably save time on computations , 

the data- gathering phase is not shortened and represents the bulk of the 

time required for tunnel estimating . Important features of each of the 

four models are discussed in the following paragraphs . 

COSTUN - A Computer Program for Estimating Costs of Tunneling 

30 . COSTON was developed in 1973 by Harza Engineering Company 

under contract to the Federal Railroad Administration (FRA) , U. S. De­

partment of Transportation . Complete documentation of this program is 

contained in Report No . FRA- ORD&D- 74- 16 (Wheby and Cikanek 1973) . The 

report is available through the National Technical Information Service , 

Springfield, Virginia 22151. Permission by the FRA to use excerpts 

from this report is gratefully acknowledged . The COSTUN program has 

been used extensively by Harza in their tunnel work and has seen consid­

erable use by the U. S. Army Engineer Division , New England, on the Park 

River Tunnel Project . Its use on this project was reported by Blackey 

(1979) . EM 1110-2- 502 (Dept . of the Army , OCE, 1980), Part II, Chap-

ter 14, presents a method for making rough planning estimates for tunnels . 

The cost calculations were based on cost curves for different size tun­

nels and various geologic conditions developed using the COSTUN program. 

The method described herein allows the user to develop a more comprehen­

sive and accurate estimate. It must be remembered , however, that the 

accuracy of any estimating method depends on the accuracy of the required 

input data. 

Program philosophy and 
general characteristics 

31 . The documentation report (Wheby and Cikanek 1973) states that 

the program ' s philosophy is to duplicate the thought and reasoning pro­

cesses that take place in the detailed planning , design , quantity take­

offs, and estimate of cost of an actual tunnel and shaft system . To 

achieve this goal , construction operations that affect cost were divided 

into twelve components : 
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a . Excavation setup . 

b. Excavation . 

c . Muck loading. 

d. Muck transporting. 

e . Muck hoisting . 

f. Muck disposal . 

~· Supports . 

h . Lining . 

i. Lining formwork . 

i · Grouting . 

k. Pumping. 

1. Air conditioning . 

Each of these cost components was subdivided into labor , materials , and 

equipment cost subcomponents. Tunnels and shafts are considered sepa­

rately in t he program, but a similar division of cost components applies . 

The program was intended to have general application; therefore, fixed 

values were not assigned to these project dependent components . Rather, 

matrices of unit cos t s were developed for each component and subcompo­

nent over a wide range of tunneling conditions, and equations were fit 

to these matrices and programmed . These unit costs were developed by 

studying past tunnel jobs, as well as current practices, and assuming 

synthetic organizations of men and equipment for various types and sizes 

of tunnel-shaft systems . Unit costs were based on 1969 Chicago prices 

for labor, equipment, and materials . Therefore , adjustments must be 

made for other times and locations . These cost adjustment factors must 

be provided by the user (guidelines are given herein) and consist of ad­

justments for labor , materials, equipment, and regional productivity 

differences . In addition , contractor's profit and overhead are required 

user input. The program doe~ not consider the cost of any aboveground 

oper ations except cut and cover construction . Consequently , the costs 

of access roads, foundation underpinning, portal excavation, mitigation 

costs for loss of business revenue, traffic detours, right-of-way 

acquisition, and utility relocations must be separately calculated and 

added to the COSTUN estimate. Likewise , costs of architectural finish , 
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lighting , permanent ventilation , long-term pumping, and roadway or track 

construction must be separately estimated, where applicable, and added 

to the estimate . Since these costs and mobilization and demobilization 

costs may be 

small jobs. 

quite significant , COSTUN is not recommended for estimating 

In addition , COSTUN estimates would be inapplicable to one-

of- a-kind jobs where innovative or unique equipment or techniques were 

used, fo r which there was no precedent when COSTUN was developed. In 

its defense , however , manual estimates for these jobs would probably be 

only slight ly more accurate because they too base advance rates on as­

sumptions from precedents . 

32 . Factors affecting the cost of a tunnel were grouped into 

three broad categories : 

a . Site characteristics . 

b. Design requirements . 

c. Construction methods . 

The variable factors within each category must be assigned values that 

fo r m the input data . Input data for a tunnel- shaft system are stored by 

tunnel reach and segment numbers and shaft and segment numbers. A reach 

is defined as any number of contiguous segments driven from a single 

heading . (The number of reaches is equal to the number of faces worked.) 

A segment is defined as a continuous length of tunnel or shaft, within 

which all the factors affecting cost must be constant . The user must 

decide when the values of a particular factor may be averaged over a 

given distance and when a new segment must be created . 

33 . Design requirements and construction methods change abruptly 

when they change at all , so there is no problem in assigning segment lim­

its based on these categories. However, site characteristics are seldom 

constant over any appreciable distance . Judgment and experience are 

necessary to determine what constitutes significant change in a factor 

or factors , requiring establishment of a new segment . A relatively 

small change in some factors, such as rock quality designation (RQD) , 

would necessitate a new segment . Changes in other factors, such as den­

sity, are not so critical, and moderate ranges of density may be aver­

aged within a segment . As part of this study, the impact on estimated 
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costs resulting from varying the input values of particular factor s was 

examined for an expected range of values while holding all other facto r s 

constant . This sensitivity analysis provided insight into which factors 

were critical , requiring reliable quantitative determination , and which 

factors could be estimated with minimal effects on cost if the estimates 

were wrong . 

Site characteristic factors 

34 . Some input factors are not required for certain tunnel types 

and excavation methods. Other factors , identified as optional input , 

may be input, or the user can allow the computer to calculate the values . 

Guidance on selection of parameter values is given in the documentation 

report (Wheby and Cikanek 1973) . The required factors are as follows: 

a. Rock quality designation , RQD (Deere et al . 1969) . 

b . Rock strength, unconfined compressive strength , psi , of 
intact specimen . 

c. Governing shear strength , psf (the material strength 
that controls its behavior) . 

d . Saturated unit weight of soil or rock, pcf . 

e . Soil angle of internal friction , PHI , undrained . 

f . Soil cohesion , C, psf , undrained. 

£· Equivalent angle of internal friction , PHIEQ, for mate­
rials characterized by friction and cohesion . 

h. Effective grain size, o10 , mm. 

i . Groundwater elevation - average elevation of groundwater 
table for each segment . 

i · Sound rock elevation - the level below which the mate­
rial in a cut and cover tunnel can be removed only by 
drill and blast methods . 

k . Segment depth , ft , from average ground surface elevation 
to average tunnel elevation . 

1. Impervious layer elevation - elevation of clay layer be­
low which ground cannot be dewatered by pumping , or be­
low which ground is sound rock. 

m. Permeability , em/sec , for soft ground and cut and cover 
segments . 

n. Inflow, gpm, at the working face . 
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o . Distance to disposal , miles from exit shaft . 

~· Cost of disposal site, dollars per acre. 

S · Rock or soil temperature, degrees Fahrenheit. 

r . Air temperature , degrees Fahrenheit . 

Design requirement factors 

35. Required input factors are listed below with options under 

the factors . The reader is again referred to the documentation report 

for complete descriptions and definitions . 

a . Tunnel or shaft type. 

(1) Underground heading . 
(2) Cut and cover . 

b . Shape . 

(1) Circle. 
(2) Horseshoe . 
(3) Baskethandle (shape similar to horseshoe but with 

height approximately one-half that of same width 
horseshoe). 

(4) Square . 
(5) Single- level cut and cover box. 
(6) Double- level cut and cover box . 

c. Size . 

(1) Characteristic finished inside dimension. Limiting 
tunnel and shaft sizes that may be run on COSTUN are 
minimum 10-ft and maximum 40-ft finished diameters . 

(2) Characteristic nominal excavation dimension . 
(3) Characteristic nominal excavation dimension plus 

overbreak . 

d . Slope - tunnel slope up to 26 percent may be run on 
COSTUN (There are limits on the use of certain muck 
hauling methods for steep slopes; e . g . , rail muck cars 
cannot be used if the slope is greater than 5 percent.) . 

e . Hoisting height . 

f . Reach length. 

£· Side slope (for cut and cover tunnels) . 

h. Stability number- based on Terzaghi ' s Tunnelman ' s 
Cround Classification System and stand-up time 
(Terzaghi 1950) . 

Construction method factors 

36 . Site characteristics and design requirements strongly influ­

ence the choice of construction methods, but some latitude exists. All 
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other things being equal , a contractor will choose methods with which he 

is familiar and that allow maximum use of equipment presently owned. 

Three of the factors listed below are required user input and three are 

optional; if no value is input, COSTUN will calculate them or use a de­

fault value, as explained below. 

a. Construction work week - optional . If no value is input 
by the user, COSTUN uses a 6-day, 24-hr/day work week. 

b. Soft ground stabilization method - optional . COSTUN 
will select the most suitable option for particular 
ground conditions if not input by the user. 

c. Excavation method - required input. Options are conven­
tional (drill or blast), mole (tunnel boring machine), 
cut and cover , hand excavation, and ripper excavation. 
!n soft ground , the use of a shield is assumed by COSTUN. 

d. Muck transport method - required input. Options consid­
ered are conveyor, trucks, rail cars, and combinations 
of conveyor and trucks. Limiting slope for the use of 
rail cars is ~ 5 percent; if used on steeper slopes, 
they must be winched. Trucks cannot be used in com­
pressed air or in tunnels with height less than 16 ft. 
Conveyors are permissible in all cases. 

e. Advance rate - optional input. If not input by the user, 
COSTUN will calculate for each segment based on advance 
rate equations developed from previous jobs and equip­
ment manufacturer's specifications. Appropriate adjust­
ments are made, based on work hours, productivity loss 
during start-up, or when changing methods or starting a 
new segment or reach. Advance rate is one of the most 
critical input factors affecting the final cost estimate 
and should be considered carefully , whether calculated 
by COSTUN or input by the user. 

f. Lining and support - required input. Supports are de­
fined as the primary means of ensuring stability of the 
excavation . Options include rockbolts, wire mesh and 
shotcrete , steel sets and lagging, or segmental liners 
made of steel, precast concrete, or cast iron for under­
ground headings. For cut and cover construction , slurry 
walls or soldier piles and lagging may be used. Lining 
is the secondary support . Its purpose is to protect the 
primary support against deterioration, as well as to en­
hance hydraulic properties in water tunnels. In COSTUN • 
the criteria presented by Deere et al. (1969) have been 
adopted for support and lining design. If other crite­
ria are used in design, the COSTUN values might not con­
form to actual quantities and costs . Equations used by 
COSTUN in selecting the support and the lining type and 
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thickness are detailed in the text . Lining thickness 
and type may be input directly by the user, if desired. 

37 . Some factors or operations that may vary in actual tunnel 

construction were assumed constant based on accepted practice in 1970. 

These factors are discussed in detail in the documentation report and 

include : 

a . Method and timing of lining erection . 

b . Selection of specific equipment and production rates. 

c . Range of conditions through which various methods are 
applicable . 

d. Shaft inflow control methods . 

38 . The tunnel program philosophy and general structure have 

been presented . Actual user instructions for preparing a computer tun­

nel cost estimate using COSTUN are presented in Appendix A. 

TCM - Tunnel Cost Model 

39 . The tunnel cost model (TCN) was developed in 1973 in its 

first phase* by researchers in the Civil Engineering Department at 

Massachusetts Institute of Technology (MIT) for the National Science 

Foundation ' s RANN (Research Applied to National Needs) Program. Permis­

sion by Dr . Michael Markow, MIT, to summarize the project ' s development 

is gratefully acknowledged . Complete documentation of the development, 

applications , and user instructions is contained in a comprehensive se­

ries of MIT publications . 

Program philosophy and 
general characteristics 

40 . TCM is a rather large computer program, written in PL/I (IBM 

Machine Language I), and is run on an IBM 370/168 at MIT. Reported stor­

age requirements range to SOOK for the largest tunnel modeled . Subrou­

tines accompanying TQ1 require region sizes up to 600K in which to 

compile . 

* A more 
(1978). 
port in 

comprehensive version was developed by Moavenzadeh and Markow 
Reported changes and improvements are discussed in this re­

the sections in which they apply . 
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41. The "Summary Report" (Moavenzadeh et al. 1974a) states , "TOt 

was developed in an attempt to improve the assessment of uncertainty in 

rock tunnel cost estimates ." All tunnel estimators try to assess risk 

and uncert ainty on a job ; their method usually consists of comparing the 

current job with similar previous ones , detailed assessment of plans and 

specifications, and using their experience and intuition to make subjec­

tive judgments about job risks. The philosophy behind TCM was to pro­

vide a method to quantitatively assess the impact of each item of uncer­

tainty on costs and time. To achieve this goal , the model incorporates 

probability and statistics concepts that allow the user t o subjectively 

specify the degree of confidence he has in each piece of input data . 

For example , instead of drawing up one geologic profile with fixed val­

ues of strength , RQD, etc ., for each rock unit , the user may supply sev­

eral possible values for each parameter used to describe a part icular 

rock unit, with corresponding subjective probabilities assigned to each 

value . The computer model consists of three main components: 

a . A geological submodel . 

b. A tunnel simulator . 

c . A construction submodel . 

Geological submodel 

42 . The geological submodel stores input data according to t he 

tunnel segment and rock unit . Unlike other computer models , more than 

one rock unit or type may be assigned t o each segment . Each rock unit 

must be assigned a probability of occurrence . Typically , seven param­

eters may be used to describe each rock unit , such as rock type, major 

defects, RQD , foliation , gas, water inflow, and compressive strength . 

43 . Fewer or more parameters may be used as the user sees fit to 

describe the rock unit . This flexibility in segment and rock unit de­

scriptions is made possible through the use of "parameter trees," as 
. 

shown in Figure 1. Typical values, possible states, and construction 

consequences are presented in Table 1 for parameters typically used to 

form parameter trees . 

44 . In addition to the probabilistic states assigned to segments , 

the physical boundaries of the segments within which these states are 
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Figure 1 . TCM parameter tree 
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valid must be identified in the input data. The process of defining seg­

ment limits and rock units within segments is interdependent . Regard­

less of the number of rock types possible within a segment, the sum of 

the probabilities of occurrence of each unit must be 1 . 0. For the exam­

ple shown in Figure 1 , the probability of encountering shale 1 in seg­

ment 1 is set at 0.2 and the probability of encountering sandstone 1 in 

segment 1 is 0 . 8 . In addition , the sum of the probabilities of the 

right end nodes of each parameter tree must be 1 . 0. The extreme right 

node probabilities of parameter trees are obtained by cumulative multi­

plication of the probabilities along each continuous branch . For exam­

ple , the probability of encountering shale 1 in segment 1 with no major 

defects , medium RQD (30-70 percent), low inflow , and low strength is 

given by 

P(Shale 1) x P(No Defects) x P(Med RQD) x P(Low Inflow) x P(Low Strength) 

which for the example in Figure 1 is 

p- 0 . 2 (0 . 8 X 0. 6 X 0 . 8 X 0 . 7) 

- 0 . 2 (0.2688) - 0 . 0538 

A new parameter tree must be created for each rock unit within the seg­

ment . In the simplified example shown, only two rock units were consid­

ered within segment 1 ; the most likely unit was sandstone with a proba­

bility of 0. 8 and the least likely (P = 0. 2) was shale . Thorough guide­

lines for forming segments and parameter trees are given by Vick (1974) , 

Moavenzadeh (1974b) , and Reynoso (1976) . The interested reader is re­

ferred to Benjamin and Cornell (1970) or Blum and Rosenblatt (1972) for 

a more comprehensive treatment of probability and statistics for deci­

sion making . 

45 . 

change the 

New tunnel segments must be created when the user wishes to 

set of geological ~tates or associated probabilities of the 

states. Segments may be independent, partially dependent, or completely 

dependent. Complete independence is assigned to segments modeled with­

out consideration of rock types assigned in adjacent segments . Complete 

dependence is assigned to segments whose parameter trees are totally de­

pendent on those of adjacent segments . The most general case, partial 
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dependency , is modeled using Markov dependency tables . This case would 

be appropriate for modeling the occurrence of a fault , for example, 

where the user feels that if the fault is encountered in a given segment, 

there is an increased (or decreased) likelihood of the fault extending 

into the next segment . The interested reader is referred to Barucha­

Reid (1960) or Stark and Nicholls (1972) for the theoretical development 

and applications of Markov processes . After assimilating the parameter 

trees and Markov tables for segment relationships, the geological model 

produces and stor es a user-specified number of profiles to be used by 

t he tunnel simulator to produce estimates . 

Construction submodel 

46. This component calculates unit times and costs of each con­

struction operation modeled , based on supplied input values of construc­

tion variables . Major features and functions of the submodel are: 

a . Scheduling procedure - to specify the number and loca­
tions of headings and timing of operations at each 
heading . 

b . Model of construction elements - to describe the excava­
tion , support , dewatering , probe drilling , and lining 
cycles and interac tions . 

c . Construction method specification - to specify the meth­
ods to be used for particular geological conditions and 
for each heading worked . 

d . Construction parameter specification - to input unit 
costs, times, productivity rates, and other related data . 

e . Simulation routines - to compute cycle times and costs 
for each geological condition considered . 

Cycles are calculated for excavation , mucking , muck hauling , muck hoist­

ing , support installation, pumping , grouting, probe drilling, and lining. 

Aboveground costs are not considered by the simulation routines . When 

modeling multiple headings, construction operations are assumed to be 

independent . This assumption is usually acceptable unless alternating 

faces are worked from the same exit shaft or adit . * The model calcu­

lates approximate mobilization time and cost. It does not consider 

* The latest version of TCM incorporates provisions for modeling alter­
nating headings more realistically. 

27 



permanent pumping, ventilation , architectural finish , or roadways in its 

cost simulation routines . The construction submodel does not rely on 

data files for unit costs or cycle times for any tunneling operations . 

All data must be supplied by the user . The amount of detailed user in­

put is rather large . Much of these data could be assembled only by an 

experienced estimator team . Owners or planners would quite likely have 

problems supplying some of the required input . These data are assigned 

values for worst case , best case , and expected case . In addition, the 

distribution that describes the data may be normal, beta , or uniform. 

After all user input has been assimilated , the construction submodel 

computes cycle time and costs for each construction operation modeled . 

Tunnel simulator 

47 . The tunnel simulator combines the profi les produced by the 

geological submodel with the calculated cycle times and costs fo r each 

geological state and construction method produced by the construction 

submodel to calculate the total time and cost required to construct the 

tunnel through each of these profiles . The results are plotted in a 

scattergram such as Figure 2. It also produces a series of progress re­

ports showing detailed advance of tunnel operations at different times . 

An optional file can be used to store individual simulations (each simu­

lation constitutes one tunnel estimate) . The individual results can be 

printed out and used in statistical analysis routines to calculate ex­

pected cost, standard deviation , etc . 

User instructions 

48 . As mentioned earlier, TCM is a rather large and complex com­

puter program and requires a computer with large storage capacity . Be­

cause of its size and the fact that it is written in PL/I, it was con­

sidered impractical to adapt it to the WES computer system . The only 

installation known to the auth~r that currently has an operating version 

is MIT, and TCM is operational on the IBM 370/168 at MIT. Computers 

exist within the Corps and with contract vendors that could accommodate 

the program. However, to convert the program to Fortran IV, the comput­

er language most familiar to noncomputer specialists , would essentially 

require writing a new program patterned after TCM, which probably would 
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not be as flexible and comprehensive as the MIT version. The interested 

reader can secure a comprehensive user's manual (Reynoso 1975) from MIT. 

Therefore, instructions for using TCM are not presented in this report . 

Applications 

49. The program developers reported the use of TCM to prepare 

estimates of several tunnels (Minnot 1974 and Wyatt 1974) . Normal prac­

tice was to perform several hundred simulations for each tunnel to cover 

all situations . The scattergrams of costs and time were then statisti­

cally analyzed to yield the expected cost and time , worst and best cases , 

etc . A detailed comparison of TCM estimates and actual costs was not 

presented i n the MIT series. However , for the Harold D. Robe r ts Tunnel 

in Colorado, estimated advance rates varied significantly from actual 

rates . These differences were attributed to discrepancies between actu­

al geology and model input describing geology (Wyatt 1974) . 

TM - Performance/Cost Tunneling Model 

50. The performance/cost tunneling model (TM) was developed by 

General Research Corporation for the Advanced Research Projects Agency/ 

Bureau of Mines program in rock mechanics and rapid excavation . Its de­

velopment and application are discussed by Pietrzak et al . (1972) and 

Hibbard et al . (1971) . 

General philosophy 

51. In general , the program philosophy lies somewhere between 

COSTUN and TCM. COSTUN employs empirical equations based on regression 

analysis of previous tunnel jobs to determine support requirements, de­

watering requirements, advance rates, etc. (There are provisions for 

the user to override the calculated values by supplying parameter values 

he thinks are more appropriate) . Also , COSTUN employs a fixed geology 

model . The TCM program models uncertainty in its geology and construc­

tion submodels . All variable parameters affecting tunnel construction 

must be input by the user. In addition, the user must supply subjective 

probability of the occurrence of each variable state modeled . 
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Geology submodel 

52. TH employs a user specified geology model (uncertainty is 

not accounted for) similar to COSTUN, with the added capability of mod­

eling geology in three dimensions or using familiar 2-D profiles. The 

geology model does not consider soil profiles or mixed face . For each 

rock stratum, the model generates a file of material properties includ­

ing density , RQD, abrasiveness, unconfined compressive strength, water 

inflow, and rock temperature. Parameter values are supplied by the user 

for each tunnel segment . 

Tunneling submodel 

53. The tunneling submodel simulates construction operations and 

conditions . The model can simulate various full-face rock excavation 

methods, including innovative techniques , but must be supplied with very 

detailed input to describe all relevant parameters . Soft ground , cut 

and cover, and mixed face cannot be simulated by TH. Likewise, shafts, 

portals , adits, and aboveground costs are not considered . Permanent 

pumping, roadbed or track , permanent lighting, and other architectural 

finish items are also omitted from consideration . Advance rates are 

computed using preprogrammed empirical relationships developed from a 

study of case histories. Construction progress reports are printed dur­

ing simulation at user-specified time intervals . These status reports 

could be valuable aids for monitoring progress and costs and correcting 

problems as they occur . Information printed out includes heading posi­

tion , elapsed time , average advance rate, availability , and utilization 

factors for each construction operation (excavation , support , dewatering , 

etc . ) . 

Cost submodel 

54. The cost submodel uses the input unit cost values for labor , 

materials, and equipment, the calculated quantities, advance rates, sup­

port requirements , dewatering and air conditioning requirements , etc., 

to calculate and tabulate costs accrued for each tunnel increment (mea­

sured in time, not distance) . Profit and overhead, which are input by 

the user, are added to the costs. Cost status reports are printed for 

the same time intervals as the performance reports, including the cost 

and time of the completed tunnel. 

31 



Applications 

55 . The developers of this model report good correlation of cal­

culated and actual values of advance rate, total time of constr uction , 

and cost for the Layout Tunnel . This tunnel , built in 1971-72 as par t 

of the U. S. Bureau of Reclamation (USBUREC) Strawberry Aqueduct System , 

is approximately 3- 1/4 miles long and 13 ft in diameter. It was moled 

through hard sandstone and conglomerate . The model is well suited for 

comparison of alternatives, but its use for detailed estimates is ham­

pered because of the large stor age requirements and detailed and exten­

sive input data requirements . 

TSC/FMA - Transportation Systems Center/Foster Miller Associates Model 

56 . The Transportation Systems Center/Foster Miller Associates 

(TSC/~~) computer model was developed in 1979 through a coopera t ive 

effort of the Underground Technology Development Cor poration and SKNH 

Company , under the sponsorship of the Urban Mass Transportation Admin­

istration (UMTA) , United States Department of Transportation (USDOT) . 

Complete documentation of the development and application of the model 

is contained in a report by Foster et al . (1979) . Copies are available 

from the National Technical Infor mation Service , Springfield , Virginia . 

General philosophy 

57. The program is run on a Wang Model 2200 computer. Data 

files are stored on discs . The model consists of two main data bases 

and supporting computations . Data Bank 1 contains factors that describe 

the amount of effort required to accomplish each unit operation . Data 

Bank 2 contains unit costs of labor , equipment, and materials required . 

Unit effort data were developed from analysis of 20 soft ground transit 

tunnels built in the United States in the last 10 years . The model is 

applicable to soft ground transportation tunnels and stations . Base or 

reference unit cost data reflect conditions prevailing in Washington, 

D. C., in January 1976. Costs for other times or regions may be adjus t ed 

using inflation factors similar to the method used with COSTUN , or the 
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actual unit costs may be determined and used in Data Bank 2. Only exca­

vation and lining for soft ground transit tunnels are considered in the 

present version, although the developers report that it Yill be revised 

to make it more comprehensive as data on other operations are developed. 

Applications 

58. The model has been used 

Metropolitan Area Transit Authority 

on three sections of the Washington 

(WMATA) subYay system. Section 1 

consisted of 5393 ft of concrete-lined tunnel driven through moderate 

ground requiring some stabilization, an soo- by 75-ft station , and four 

vent and fan structures. The section actually analyzed Yas 2996 ft of 

tunnel, excavated by a backhoe digger arm under a shield . The actual 

construction costs Yere $5 , 837,000 . The FMA estimate Yas $6,345,000, or 

8. 7 percent above actual cost. For the tunnel only , actual costs Yere 

$4,445,000, and the model estimate Yas $4,332,000, or 2. 5 percent beloY 

actual cost . 

59 . Section 2, consisting of 8820 ft of tunnel , Yas driven 

through difficult ground and passed beneath several bridge piers and 

abutments. Excavation Yas accomplished by a backhoe digger arm under a 

shield . Steel segments served as both primary support and final lining . 

The actual project costs Yere $33,373, 000 for those items considered by 

the model , Yhich estimated the costs at $31,017,000, or 7.1 percent loYer. 

For tunnel excavation, lining, backfill , and grouting, the actual costs 

Yere $25 , 721 , 000, and the model estimate Yas $24,648,000, or 4. 2 percent 

loYer . 

60. Section 3 comprised 8115 ft of concrete-lined tunnel, an 800-

by 75- ft cut-and-cover station , and six vent and fan structures. The 

section actually analyzed Yas 3803 ft long. Excavation was accomplished 

with a Yheel excavator through good soft ground. Support was provided 

by expanded ring beams and Yood lagging . The actual cost for the ana­

lyzed section was $6,443,000, and the model estimate Yas $6,731,000, 

or 4.5 percent higher. For tunnel costs only, the actual cost was 

$4 , 603 , 000, and the model estimate was $5,044,000, or 9.6 percent higher. 

61. These results indicate that for its intended applications, 

the model provides estimates that are within 10 percent of actual costs, 
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provided there are good definitions of geology, excavation methods, and 

support requirements . 

User instructions 

62. Complete instructions for using the TSC/FMA model are avail­

able from the Transportation Systems Center , Department of Transporta­

tion, Cambridge, Massachusetts. Therefore, instructions are not repeat­

ed in this report. 

Comparison of Computer Models , Cost Curves , and Manual Estimates 

63. The investigation of the steps involved in estimating tunnel 

costs using all the methods described above clearly indicated that there 

is no one best method for all purposes. The choice of method must be 

based on the end use of the estimate . Detailed manual estimates for fi­

nal design, contract documents , and contractor bids are probably here to 

stay. Cost curves or unit cost estimates may be useful for preliminary 

estimates and comparison of alternatives . Computer models may be used 

to good advantage for preliminary planning estimates, evaluation of al­

ternatives, checks on manual estimates, and monitoring progress . Table 2 

presents the relative advantages of the four models investigated during 

this project. One of the objectives of the project was to develop or 

adapt cost-estimating aids that planners not intimately familiar with 

tunneling could use. All things considered, COSTUN meets these criteria 

better than any of the other models studied. Therefore, it was selected 

for in- depth analysis, using collected tunnel case histories. 
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PART III: ANALYSIS OF CASE HISTORIES 

64. One of the problems in this study was obtaining case histo­

ries of tunnels with sufficient information to: (a) allow a meaningful 

comparison of the reliability of manually prepared cost estimates with 

those generated by the computer program COSTUN, (b) allow a meaningful 

comparison of estimated and as-built costs, and (c) identify the factors 

responsible for overruns between estimated and as-built costs. After 

much studying and then discarding of several cases where complete docu­

mentation was unavailable, three tunnels were chosen that had good docu­

mentation of geology, design, construction methods, and estimates. The 

following paragraphs present brief descriptions of each tunnel, followed 

oy an analysis of estimated and as-built costs and factors responsible 

for the differences between the two. 

Nast Tunnel 

65. Nast Tunnel was the first tunnel in the United States to be 

driven through granite with a boring machine (Larson 1975). Moles were 

thought to be unsuitable for hard rock tunnels prior to this job because 

of high cutter bit replacement costs. Indeed, on this job cutter bit 

costs amounted to over $1,200,000 on a winning bid price of approximate­

ly $6,800,000. Nast Tunnel is a 15,653-ft-long, 10-ft-diam water tunnel 

that was designed by the USBUREC and built between 1970 and 1973 in Pit­

kin County, Colorado. On this job contractors were allowed to bid on a 

drill and blast schedule and an alternative mole-driven tunnel option . 

Nine bids were received, six on the drill and blast schedule and three 

on the mole schedule. The winning contractor bid about the same amount 

on both options. The award was made for the schedule using the boring 

machine, and a Memorandum of Understanding was executed that permitted 

the contractor to change from mole driven to drill and blast at his op­

tion. Approximately 85 percent of the tunnel was moled; 15 percent was 

conventionally driven through reaches of poor quality rock. 
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66. All information used to develop and compare cost estimates 

of Nast Tunnel was provided by the USBUREC Engineering and Research Cen­

ter, Denver, Colorado. Their cooperation is gratefully acknowledged . 

Table 3 summarizes the cost estimates prepared by the engineer , various 

contractors, and the COSTUN computer model. All identifiable costs not 

considered by the computer model were subtracted from the total bids so 

that a meaningful comparison could be made. Engineer estimate 1 and con­

tractor bids 1-6 were for the conventional or drill and blast excavation 

schedule . Engineer estimate 2 and contractor bids 7-9 were for the mole 

excavation schedule. Contractor bids 1 and 7 were submitted by the same 

contractor, and the bid price for either option was about the same . 

Furthermore, when all schedule items were included, the bid prices were 

identical for both options. This contractor was awarded the contract, 

although one other bid , No . 8 in Table 3, was apparently lower . How­

ever, when the excluded costs were added back, this bid was higher than 

the winning bid . The winning bid was approximately 33 percent higher 

than the engineer estimate for either excavation option . The highest 

bid was nearly double the engineer estimate . There was a 45 percent 

spread between the winning and the highest bid . 

67. COSTUN estimates 1-9 were prepared using information avail­

able at bid time . COSTUN estimate 1 represents the estimated construc­

tion cost for the most likely tunneling conditions, using mole excava­

tion when feasible and drill and blast excavation in poor rock zones and 

near the inlet and outlet portals. The support and lining types and 

amounts used for this estimate were those called for in the plans and 

specifications . The total estimated tunnel costs for this run were 

$7,089,000 , or 5 percent above the winning bid of $6,763,000 and 38 per­

cent above the engineer estimate. COSTUN estimates 2-9 could be called 

"what if" estimates , in that .the major input factors believed to affect 

construction costs were individually examined while holding all other 

variables constant at the expected value . Pessimistic and optimistic 

values were assigned to each of the major variables for each tunnel seg­

ment and reach . Some of these estimates reflected genuine uncertainty 

while others were used to test the sensitivity of costs to changes in a 
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specific variable . For example, runs 2 and 3 were made to determine the 

construction cost impact of varying rock strength . The actual rock 

strengths were known within reasonable limits from lab tests and empiri­

cal correlations, but studies have shown that stand-up time, advance 

rate, mole cutter bit wear, drill steel life, etc ., are at least par­

tially dependent on rock strength , among other things . 

68 . In run 2 , the rock strengths input were 25 percent higher 

than expected strengths . For most types of structures, an increase in 

strengths is welcomed, but not necessarily for tunnel excavation . High­

er strengths are associated wit h the har der crystalline rocks that are 

more abrasive. The results are higher cutter bit wear , more drill steel 

breakage , and overall slower advance rate, leading to increased costs . 

For this tunnel, t he estimated consequences were nearly $500, 000 (6 per­

cent ) and 100 working days (10 percent) over the estimate for most like­

ly conditions . Run 3, which used strengths 25 percent lower than expec­

ted, resulted in estimated cost and time savings of $450 , 000 (6 percent) 

and 102 working days (10 percent) less than the estimate for most likely 

conditions . 

69 . The impact of variation in rock quality was assessed in 

runs 4 and 5 . These runs reflected genuine uncertainty in the expected 

rock joint frequency , joint conditions , and degree of weathering for 

which the borehole data were lacking . In fact , change order No . 8 , 

which provided for additional payment to the contractor of $767,000, was 

directly r elated to the occurrence of a major shear zone approximately 

1700 ft long , which had not been det ected by surface mapping or borings . 

The tunnel boring machine had to be moved back and the heading was ad­

vanced through this reach by the drill and blast method , using closely 

spaced heavy steel sets for support . In run 4, pessimistic values of 

RQD , approximately 33 percent lower than the expected values , were used . 

Estimated construction time increased 22 percent to 1203 days , or 

218 days more than the expected time of 985 days . Estimated costs rose 

to $8,264 , 000, or 17 percent above the $7,089 , 000 expected cost . In 

run 5, RQD values 33 percent higher than expected were input . The esti­

mated cost reduction was $718,000 (10 percent), while the time was cut 

12 per~ent to 865 days . 
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70. In runs 6 and 7, the cost/time impact of reducing and in­

creasing, respectively, the lining thickness by 30 percent of the design 

value was .assessed . The specification of lining thickness is of major 

importance to the cost of a tunnel. The quantity of concrete that must 

be placed obviously increases for conservative (thicker) lining specifi­

cations. Additional cost and time penalties occur because the volume of 

rock that must be excavated increases proportionately. The larger the 

tunnel diameter and length, the more serious are the consequences. Com­

pounding this problem is the lack of understanding of interaction be­

tween rock load and deformation and transfer of the load to the lining 

and support . 

71. For a reduction of 30 percent in lining thickness (run 6) , 

estimated costs were reduced by $527,000 (7 percent) , and construction 

time was reduced by 30 days (3 percent) over the length of the tunnel . 

This reduction represents a $33/ft saving over the design lining thick­

ness. A 30 percent increase in lining thickness (run 7) resulted in a 

7 percent ($484,000) increase in cost and a 2 percent (24 days) increase 

in construction time . 

72 . Computer estimates 8 and 9 were made to study the impact of 

rock temperature in the tunnel . As expected, the results of these runs 

indicated that for the range of temperatures expected in Nast Tunnel , 

there was no effect on cost . In deep tunnels with higher temperatures , 

the cost of ventilation and air conditioning increases , but for shallow 

tunnels, such as Nast, there seems to be no effect. 

73 . The final cost for Nast Tunnel was $7,473,000, including 

change orders for differing site conditions and other unforeseen prob­

lems. This sum excludes those costs not considered by COSTUN, such as 

access roads, drainage ditches, the Fryingpan Conduit, and the Granite 

Adit portion of the job . Granite Adit is a 10-ft-diam, 777-ft-long 

tunnel intersecting Nast Tunnel about 4000 ft from the inlet portal . 

Its purpose was to convey water from Granite Creek to Nast Tunnel. 

During construction , it was used as an exit for muck hauling and dispos­

al for the reaches of tunnel adjacent to it. Fryingpan Conduit is a 

1500-ft-long conduit constructed of 7- ft - diam precast concrete pipe, 
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connecting Nast Tunnel at the outlet portal to Boustead Tunnel ' s inlet 

por tal , which is a diversion tunnel through the Continental Divide . 

74 . The COSTUN as-built estimate totalled $7 , 691,000, or 3 per­

cent above the actual cost . The changes made between the COSTUN precon­

struction estimate using most likely conditions and the COSTUN as-built 

estimate included the allowance for the 1700-ft shear zone and a smaller 

shear zone approximately 300 ft long , both of which caused a change from 

mole excavation to the drill and blast method . In addition, one segment 

approximately 4000 ft long that ran under a small lake experienced minor 

water inflows , but the resulting cost increase was insignificant . 

75 . Table 4 contains a breakdown of COSTUN estimates 1- 9 and the 

as-buil t estimate for labor , equipment , and materials components and the 

~otals . Also shown is the total time required for construction of the 

tunnel for each estimate . Labor was the major cost component for this 

job and most tunnels, accounting for two thirds of the total for all 

estimates . Equipment and materials were nearly equal , averaging 16 and 

17 percent , respectively , of the totals . Foster et al. (1979) indicate 

that a breakdown of 40 percent for labor , 40 percent for materials , and 

20 percent fo r equipment is reasonable . Because tunnel jobs vary so 

widely in nearly all aspects , no significance should be attached to these 

figures for tunnels in general. The engineer estimates and contract or 

bids were not itemized for labor, equipment , and materials, so t here is 

no basis for comparison of COSTUN figures except for the totals shown in 

Table 3. These figures show that the COSTUN best estimate of actual con­

ditions was 5 percen t above the winning bid . The COSTUN as-built 

estimate was 3 percent higher than the actual cost . These figures indi­

cate very good correlation, but they do not give the total picture . The 

multitude of factors used to arrive at the estimated totals may or may 

not represent actual conditions . For example , the profit and overhead 

factors represent a combined 30 percent of the totals in the estimates . 

The actual profit and overhead, as well as the figures used in the bid, 

are unknown . Therefore, the reader is cautioned that although the over­

all accuracy of the estimates looks good, the accuracy of individual fac­

tors may not have been as good. The self- cancelling nature of random er­

rors in these factors could still result in a balanced total estimate . 

39 



Buckskin l-1ountains Tunnel 

76. Buckskin Mountains Tunnel, a 6.8-mile-long, 22- ft-diam 

irrigation tunnel, was designed by USBUREC and built near Parker, Ari­

zona, as part of the Central Arizona Project . Prospective bidders were 

allowed to bid on three alternatives: (a) a 19-ft 6-in . -diam, drill and 

blast horseshoe-shaped tunnel; (b) a 20-ft-diam, circular-moled tunnel 

with cast-in- place concrete lining ; and (c) a 22-ft-diam, circular-moled 

tunnel with a precast concrete segmental lining. The award was made for 

the 22-ft-diam tunnel, and construction began in 1975. The tunnel was 

holed through in May 1979 , but final cleanup has not been completed at 

the time of this report. A Robbins mole was used for the entire length, 

except for approximately 100 ft at each portal excavated by drill and 

blast. The tunnel support and lining consist of 6-in.-thick precast 

concrete segments, installed just behind the mole. The tunnel was driv­

en through competent andesite, but some blocky conglomerate was encoun­

tered that slowed progress. A $6-million changed conditions claim con­

cerning this blocky zone is still pending and may add to its $60-million 

expected total cost. 

77 . Information used to develop and compare COSTUN estimates for 

Buckskin Mountains Tunnel was obtained from three sources: (a) the 

USBUREC Engineering and Research Center, Denver, Colorado, provided ge­

ology reports; (b) the U. S. Army Engineer District, Kansas City, loaned 

a set of job specifications, including engineer estimates and contractor 

bids ; and (c) the personnel of the resident engineer's office, USBUREC , 

Parker, Arizona, provided other useful information . Table 5 summarizes 

the cost estimates prepared by the engineer, various contractors, and 

the COSTUN computer model . All identifiable costs not considered by the 

computer model were subtracted from the contractor bids and engineer es­

timates for the sake of comparison. 

78. Engineer estimate 1, COSTUN estimate 1, and contractor bid 1 

were for the 19- ft 6- in .-diam horseshoe-shaped tunnel on the drill and 

blast schedule . The engineer estimate for this option was $53,991 , 000, 

as compared with $51 ,641,000 for the COSTUN estimate and $65,513,000 for 
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the lone contractor bid on this option. Engineer estimate 2 ($47,441,000), 

COSTUN estimate 2 ($53,841,000) , and contractor bid 2 ($71,208,000) 

were for the 20-ft-diam moled tunnel option with cast-in-place concrete 

lining. Both of the above options show a rather wide spread (27 and 

50 percent, respectively) , although the engineer and COSTUN estimates 

are within 5 and 13 percent of each other . 

79 . Engineer estimate 3, contractor bids 3-5, and COSTUN 

estimates 3-9 are for the 22- ft-diam moled tunnel with precast concrete 

segmental lining. COSTUN estimate 3 of $59,959,000 represents the esti­

mated cost for the most likely conditions known at bid time, which is 

27 percent higher than the engineer estimate of $47,257,000 and 33 per­

cent higher than the winning contractor bid of $44,940,000. The highest 

bid of $63 , 493 , 000 was 41 percent higher than the winning bid, 34 per­

cent higher than the engineer estimate, and 6 percent higher than the 

COSTUN estimate . The winning bid was 5 percent lower than the engineer 

estimate . At first glance , the COSTUN estimate seems to be far too high . 

However , the as- built cost of the tunnel was reported as approximately 

$60 million , which lends more credence to the COSTUN estimate . 

80 . COSTUN estimates 4-9 were used to check the cost impact of 

varying input parameters, one at a time, over a range of values. For an 

increase of 15 percent over the most likely RQD values (COSTUN estimate 4) , 

the estimated cost was reduced to $52,287 , 000, or 13 percent below the 

estimate for most likely conditions . A 15 percent decrease in RQD val-

ues in COSTUN estimate 5 produced an expected cost of $75,130 , 000, or 

25 percent higher than the $59,959,000 expected cost for most likely 

conditions . In COSTUN estimates 6 and 7, the unconfined compressive 

(UC) strengths were increased and decreased 25 percent, respectively , 

from the most likely values . The resulting costs were $72 , 054,000 for a 

25 percent increase in UC strengths (20 percent above the $59,959,000 

for most likely conditions) and $49 , 581,000 for a 25 percent decrease in 

UC strengths (17 percent below the expected cost for most likely condi­

tions) . The lining thickness was increased 33 percent in COSTUN estimate 8 

over the actual lining thickness used in construction (6 in . ) and was in­

creased to 10 in . (67 percent) in COSTUN estimate 9. These runs produced 

41 



estimates of $61 , 373 , 000, or 2. 4 percent above the total cost for the 

actual lining thickness used , and $62 , 826 , 000, or 4 . 8 percent higher , 

respectively . The increase in cost per linear foot of t unnel over the 

actual lining thickness amounted to $39 and $41 , respectively , on a base 

cost of $1670/ft . 

81 . The as-built cost of Buckskin Mountains Tunnel was reported 

as $60 million in round figures . The COSTUN estimate r epr esenting con­

ditions known at the end of construction totalled $61 , 474,000 , or 

2. 5 percent above the actual cost . However , as mentioned earlier , a 

$6- million claim for changed conditions is pending and may add to the 

total cost . Even if the entire $6 million is awarded to the contractor , 

the COSTUN estimate would be only 7 percent below total cost . Thus, the 

COSTUN as- built estimate falls within the range of accuracy of - 7 to 

+2 . 5 percent . Again, although the overall accuracy of the total cost 

figures looks good , the accur acy of individual components may not be as 

good . For example , the enginee r estimate for excavation in the tunnel 

was $29 , 589 , 840, while the COSTUN estimate for this work was $38 , 495 , 000 , 

or 30 percent higher . This difference is consistent with the over a l l 

spread between the engineer and the COSTUN estimate of 27 percent , cited 

earlier . However , the engineer estimate for furnishing and installing 

the segmental lining was $16 , 972,000, while the COSTUN estimate was 

$17 , 267 , 445 , or 1 . 7 percent higher . These component costs compare fa­

vorably , but the 27 percent spread between the estimated totals is not 

reflected . Obviously , the difference had to be greater among the re­

maining component costs in order for the total 27 percent difference to 

be achieved . 

82. Table 6 presents the breakdown of estimated costs for labor , 

equipment , and materials and the estimated time for construction of the 

tunnel for COSTUN estimates 179 and the COSTUN as-built estimate . The 

average cost of labor amounted to 60 percent of the total, while the 

equipment accounted for 22 percent and materials accounted for the re­

maining 18 percent for the 10 estimates. 

83. The estimated time required to complete the tunnel ranged 

from 2475 to 4095 days for the three options under most likely conditions . 
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These figures contrast sharply with the allotted contract time of 

1800 days, which the contractor met . The reasons for this discrepancy 

in estimated times could not be determined. Again, this case shows that 

even when the estimated totals agr ee closely , there can still be large 

differences in some factors or components . It is interesting to note 

that the least expensive alternat ive according to the COSTUN estimates 

was the 19-ft 6- in .-diam , horseshoe- shaped drill and blast option at 

$51,641 , 000, while the 20-ft- diam, circular-moled tunnel was second at 

$53 ,841 , 000 and the 22- f t-diam moled tunnel was the most expensive at 

$59,959 , 000 . The engineer estimates are exactly reversed, with the 

22-ft-diam tunnel the least expensive and the 19-ft 6-in .-diam tunnel 

the most expensive tunnel option . 

Park River Tunnel 

84. Park River Tunnel is a 22-ft-finished- diam, 9095- ft - long 

Corps of Engineers tunnel, that is located approximately 150 ft below 

street level in Hartford, Connecticut, and was designed to convey flood 

flows of the Park River to the Connecticut River. It passes through 

sandstone and shale , most of which is of good quality . One shear zone 

approximately 270 ft long was encountered, as predicted by exploratory 

borings. Prospective bidders were allowed to bid three alternatives for 

driving the tunnel: drill and blast excavation with a cast-in-place 

concrete lining, mole excavation with cast- in-place concrete lining , and 

mole excavation with a precast segmental concrete lining . The award was 

made for the mole- driven tunnel with precast segmental concrete lining. 

Construction began in 1977 , and the tunnel was holed through in July 

1980. Approximately 150 ft near the outlet portal was excavated by 

drill and blast for a staging area for the mole, as well as approximate­

ly 270 ft of shear zone. 

85 . Information used to develop and compare COSTUN estimates for 

Park River Tunnel was furnished by personnel of the U. S. Army Engineer 

Division , New England. Table 7 summarizes the cost estimates and bids . 

Table 8 presents a breakdown of the various COSTUN estimates for labor, 
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equipment, materials, and time required to build the tunnel . In addi­

tion to the data used for comparison on the two tunnels previously dis­

cussed , the estimated costs are also displayed for the two shafts asso­

ciated with this project (Table 7) . As with the other tunnels , all 

identifiable costs not considered by the COSTUN model were subtracted 

from the engineer estimates and contractor bids for a meaningful 

comparison . 

86 . Engineer estimate 1 , contractor bid 1 , and COSTUN estimate 10 

are for the drill and blast option . The engineer estimate for tunnel 

construction was $20 , 916,000 , as compared with the contractor bid of 

$24 , 885,000 and the COSTUN estimate of $19 , 476 , 000. For the inlet 

shaft, the engineer estimate was $770, 000 , the COSTUN estimate $1 , 971 , 000, 

and the contractor bid $1 , 800 , 000; for the outlet shaft , the engineer 

estimate was $1 , 100 , 000 , the COSTUN estimate $1 , 981 , 000, and the con­

tractor bid $3,000, 000. The total project was estimated to cost 

$22 , 786 , 000 by the engineer , $23 , 428 , 000 by the COSTUN model , and 

$29 , 685 , 000 by the contractor (a spread of 30 per cent) . 

87 . Engineer estimate 2, contractor bid 2, and COSTUN estimate 11 

are for the mole excavation schedule with cast-in-place lining . The en­

gineer estimates and COSTUN estimates for the inlet and outlet shafts 

were unchanged , while the contractor bids were $3 , 500, 000 for the inlet 

and $3 , 000 , 000 for the outlet shaft . The tunnel construction was es t i ­

mated at $17 , 977 , 000 by the engineer , and $16 , 785 , 000 by COSTUN, as com­

pared with the contractor bid of $14 , 096 , 000 . Since the contractor bids 

for the shafts were much higher than either estimate and the bid for 

tunnel construction was much lower , this imbalance might have been a 

strategy to increase early cash flow . The estimates and bids for the 

total project were $19 , 847,000 by the engineer , $20, 737 , 000 by the 

COSTUN model, and $20, 596 , 00U by the contractor (a spread of just 

4.5 percent) . 

88 . The contractor awarded the job on the mole excavation sched­

ule with precast lining bid $17 , 329 , 000 on the pr oject (contractor bid 3) . 

The bid was 3. 7 percent lower than engineer estimate 3 of $17 , 993 , 000 and 

5. 8 percent lower than COSTUN estimate 1 of $18 , 405, 000 . Again , the 
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contractor bids for tunnel, inlet , and outlet shafts appear to be unbal­

anced . For the outlet shaft , from which tunnel excavation proceeded , 

the contractor bid was $4 , 000 , 000, while the engineer and COSTUN esti­

mates were $1 , 100, 000 and $1 , 981,000 , respectively. This trend is ap­

parent in every contractor bid on the project , so a comparison of the 

shafts and tunnel items separately is not meaningful . Only the total 

project estimates are compared . The next lowest bid of $17,360, 000 was 

3 . 5 per cent lower than the engineer estimate . The highest bid of 

$50 , 310 , 000 was 280 percent of the engineer estimate . The bid spread 

was nearly $33 , 000 , 000 , almost double the winning bid . 

89 . COSTUN estimates 2- 9 were made to test the cost impact of 

varying rock properties and design lining thicknesses in the tunnel. 

Shaft properties and costs were held constant . In runs 2 and 3, the RQD 

values were increased 15 and 30 percent , respectively, over the most 

likely values . For the 15 percent increase in RQD, the estimated cost 

of the tunnel decreased to $13,555 , 000, or 6. 2 percent lower than the 

$14 , 453 , 000 expected cost . The 30 percent increase in RQD resulted in a 

calculated 9 . 7 percent reduction to $13,055,000. Estimated time savings 

were 34 days (5 . 6 percent) in run 2 and 53 days (8 . 7 percent) in run 3. 

RQD values were decreased in runs 4 and 5 by 15 percent and 30 percent, 

respectively. The resulting increases in costs were 9 . 7 percent to 

$15 , 851 , 000 for the 15 percent decrease in RQD and 34 . 3 percent to 

$19 , 406 , 000 for the 30 percent decrease . Estimated time penalties were 

53 days (8.7 percent) in run 4 and 186 days (30.4 percent) in run 5. ~ 

runs 6 and 7, the UC strengths were increased and decreased by 15 percent , 

respectively. Run 6 produced an estimated cost of $15 , 543, 000, or 

7. 5 percent higher than the expected cost , while the 15 percent decrease 

in UC strengths in run 7 resulted in a 7.5 percent decrease in cost to 

$13,360 , 000 . The estimated time penalty for the 15 percent increase in 

UC strengths was 40 days (6. 5 percent) in run 6, and the estimated time 

savings attributed to a 15 percent reduction in UC strengths was 39 days 

(6 . 4 percent) in run 7. 

90 . Runs 8 and 9 were made to assess the cost impact of in­

creasing the thickness of the precast concrete segments from 9 to 12 in. 
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in r un 8 and to 15 in . in run 9, amounting to increases of 33 percent and 

67 percent , respectively , over the design value of 9 in . The cost pen­

alty was $650, 000 , or 4 . 5 percent , for the 12-in . liner and $1,390, 000, 

or 9 . 6 per cent , for the 15- i n. liner . The time penalties were 7 days in 

run 8 (1 percent) and 13 days (2 percent) in run 9 over the expected time 

of 611 days for the des i gn l ining thickness . 

91 . The COSTUN as-built estimate is identical with the estimate 

for most likely conditions known at bid time . There were no big sur­

prises in constructing this tunnel , except for some difficulties encoun­

tered during construction of the outlet shaft. Because the tunnel has 

only r ecently been completed , final as- built costs were no t available 

but are expected to be around $23 , 000, 000. If this estimate is correct, 

the COSTUN and engineer estimates are 20 and 22 percent , respectively , 

below the final costs . 

92 . Table 8 presents a breakdown of COSTUN estimates for labor, 

equipment , materials , and time required to build Park River Tunnel . 

Labor costs accounted for approximately 65 percent , equipment 19 per­

cent , and materials 16 percent of the estimated total cost . 
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PART IV : SUMMARY AND CONCLUSIONS 

92. The two basic methods for preparing tunnel estimates are: 

(a) a simulation of actual constr uction operations in which amounts and 

types of equipment and materials needed are estimated, crew productivity 

rates are estimated, the rates of material and labor usage and tunnel 

advance are set down , and a total estimated cost is computed; and (b) a 

comparison with similar tunnels in which the unit costs of major con­

struction components , such as excavation , muck hauling, support and lin­

ing , and pumping are determined and applied , with or without adjustments 

for i nflation and other factors to the present tunnel , for which the 

quantities of each component have been computed . Either of these meth­

o'ds may be performed manually or with a computer. The first approach , 

actual simulation , is more difficult , time-consuming, and accurate . The 

second approach, the unit cost method , is much easier to use and gives 

fair results , especially for preliminary estimates or comparison of 

alternatives . 

93 . Over the past decade , several computer models have been de­

veloped for estimating tunnel costs . The USDOT has provided the primary 

support for these efforts, and consequently , most of the models were de­

veloped for transportation tunnels (railroad , motor vehicle, and rapid 

transit) . 

94 . Of the four computer models investigated, COSTUN satisfied 

mo r e completely program objectives for a flexible, easy to use model 

that can be used by persons lacking an extensive background in tunneling 

and cost estimating . It has a wide range of applications, including 

rock , soft ground, and cut-and- cover tunnels, and considers various com­

binations of conditions and tunnel - driving methods . It also has several 

well- recognized shortcomings1 e.g ., aboveground costs are not considered , 

risk and uncertainty are not treated explicitly, cost equations are based 

on average costs for tunnels in Chicago in 1969, and method and equipment 

selection is based on standard practice (circa 1970) . 

95. Manual estimates and bid preparation will continue as the 

" tried and true" method for making final estimates . Computer models are 
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best suited for preliminary estimates, evaluation of alternatives , and 

checks on manual estimates. 

96 . The COSTUN model was evaluated using three completed tunnels 

for which good documentation of geology, construction methods , design, 

and cost data were available . All t hree tunnels were driven through 

rock, and consequently, the model ' s reliability for estimating costs of 

soft ground and cut-and-cover tunnels was not verified. For two of the 

three rock tunnels , COSTUN estimates were within 6 percent of the win­

ning contractor bids and within 7 percent of the actual costs. These 

figures indicate very good overall accuracy of the model for rock tunnels. 

However, the accuracy of individual component costs estimated by COSTUN 

may vary over a wider range. It is difficult to test the validity of 

these component estimates for two reasons: 

a . Contractor bids are often unbalanced to improve early 
cash flow. Therefore , construction costs may be over­
estimated for components used during the early stages of 
the project and underestimated for components used dur­
ing latter stages . 

b . Final, as- built costs are usually reported as a lump sum 
or with only limited itemization, precluding an item by 
item comparison . 

97 . For the three tunnels studied , a variation in rock UC 

strengths of ~ 25 percent resulted in estimated cost savings of 6 to 

17 percent for a 25 percent reduction in strengths and estimated cost 

increases of 6 to 20 percent for a 25 percent increase in strengths. 

The cost impact from a variation in strengths probably depends on the 

expected strengths more than any other factor. For example , if very low 

strengths were expected , an increase in strengths might result in a de­

crease in costs; however, for the tunnels studied, which were built in 

rock with moderate to high expected strengths , the reverse was true . 

98. The estimated cost impact of varying RQD over a ~ 33 percent 

range was a 17 to 24 percent increase in cost for a 33 percent decrease 

in RQD and about a 10 percent decrease in cost for a 33 percent increase 

in RQD. Again the cost impact probably depends on the expected RQD val­

ues more than any other factor . For example, if the expected RQD values 

were low, a 33 percent decrease might make tunnel excavation much more 
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expensive than the impact of a 33 percent reduction in high RQD values 

for another tunnel . 

99 . The savings that can be achieved through less conservative 

lining thickness can be quite significant. For example , 3 in . added to 

the precast concrete segments specified for the 22-ft-diam Park River 

Tunnel would have added an estimated $650 , 000 to the cost , or about 

$72/ft of tunnel . Similar effects were observed in estimates for the 

other two tunnels , though to a proportionally lesser scale in the 10- ft ­

diam Nast Tunnel . 

100. In slopes and foundations , back analyses can provide knowl­

edge of the actual strengths at failure and yield valuable data for fu­

ture designs . However , with tunnels there is little historical perspec­

tive for altering design methods. Tunnel failures are rare; many have 

been in service for over 100 years. We know what has been successful in 

the past , but we do not know how conservative our empirical designs are. 

Much research has been and is being directed toward this problem . Tun­

nel experts generally admit that currently available analytical methods 

outstrip our ability to provide reliable input values for the variables 

needed for solution. Hopefully, this continued effort will lead to bet­

ter understanding and more economical designs for support and lining. 

49 



REFERENCES 

Barucha-Reid , A. T. 1960. Elements of the Theory of Markov Processes and 
Their Applications , McGraw-Hill , New York. 

Benjamin , J . R. , and Cornell , C. A. 1970. Probability, Statistics , and 
Decision for Civil Engineers , McGraw- Hill , New York. 

Blackey , E. A., Jr . 1979 . "Par k River Auxiliary Tunnel ," Journal of t he 
Construction Division , American Society of Civil Engineers , C04 , 
New York. 

Blum , J . R. , and Rosenb l att , J . I . 1972 . Probability and Statistics , 
W. B. Saunders Co ., Philadelphia , Pa . 

Deere , D. U. , et al. 1969 . "Design of Tunnel Liners and Suppor t Systems ," 
Report No . PB183799 , Depar tment of Transportation , Washington, D. C. 

Department of the Army , Office , Chief of Engineers . 1978. "Tunnels and 
Shafts in Rock ," Engineer Manual 1110- 2- 2901, Washington, D. C • 

• 1980. "Methodology for Areawide Planning Studies , MAPS , " Engi-----,--
neer Manual 1110- 2- 502 (2 Vols) , Washington , D. C. 

Foster , E. L., et al. 1979 . "Economic Factor s in Tunnel Const r uction , " 
Report No. UMTA-MA-06- 0025-79- 10, Department of Transportation, Urban 
Mass Transportation Administ r ation, Office of Technology Development and 
Deployment , Washington , D. C. 

Hibbard, R. R., et al. 1971. "Hard Rock Tunneling System Evaluation and 
Computer Simulation , " Repor t No . CR-1-190; prepared by General Research 
Corporation for Advanced Research Projects Agency , Washington , D. C. 

Larson, J . W. 1975 . "Final Construction Report, Nast Tunnel , Fryingpan 
Conduit , and Lily Pad Diversion , Northside Collection System, Fr yingpan­
Arkansas Project , Colorado ," U. S. Bureau of Reclamation, Engineering 
and Research Center , Denver , Colo . 

Mayo, R. S. , Adair , T., and Jenny, R. J. 1968 . "Tunneling: The State of 
the Art : A Review and Evaluation of Current Tunneling Techniques and 
Costs , with Emphasis on Their Application to Urban Rapid Transit Systems 
in the U. S. A. , " Report No . PB·l78036, Department of Housing and Urban 
Development, Washington , D. C. 

Mayo, R. S., Barrett, J . E., and Jenny , R. J . 1976 . "Tunneling: The State 
of the Industry," Report No . DOT- TSC- OST-76- 29, Department of Transporta­
tion, Office of Systems Engineering, Washington, D. C. 

50 



Minnot, C. H. 1974 . "The Probabilistic Estimation of Construction Perfor­
mance in Hard Rock Tunnels ," Report No . 4, Research Report No. R 74-47 , 
Massachusetts Institute of Technology , Department of Civil Engineering , 
Cambridge , Mass.; prepared for National Science Foundation Washington • • 
D. C. 

Moavenzadeh , F., and Markow, M. J . 1978 . "Tunnel Cost Model : Final Re­
port ," Research Report No. R 78-29, Massachusetts Institute of Technol­
ogy , Department of Civil Engineering, Cambridge , Mass . ; prepared for 
National Science Foundation , Washington, D. C. 

Moavenzadeh, F., et al. 1974a . "Tunnel Cost Model , A Stochastic Simula­
tion Model of Hard Rock Tunneling, " Vol 1, Summary Report , Research Re­
port No . R 74- 22 , Massachuset t s Institute of Technology, Department of 
Civil Engineer ing, Cambridge, Mass .; prepared for National Science Foun­
dat i on , Washington , D. C . 

• 1974b . "Tunnel Cost Model: Professional Papers, " Report No . 3, ---.,--Massachusetts Institute of Technology , Depar tment of Civil Engineering , 
Cambr idge , Mass .; prepared for National Science Foundation , Washington , 
D. C. 

National Research Council, Standing Committee No. 4. 1974 . "Better Con­
tracting for Underground Construction , " Report No . PB-236-973, National 
Academy of Science , Washington, D. C. 

Par ker , A. D. 1970. Planning and Estimating Underground Construction , 
McGraw- Hill , New York . 

Pietrzak, L. M., et al. 1972 . "Computer Simulation of Hard Rock Tunnel­
ing ; Volume I , Analysis , and Volume II , Supporting Information ," Report 
No . CR- 2- 190, General Research Corporation; prepared for Advanced Re­
sear ch Projects Agency , Washington , D. C. 

Proctor , R. V., and White, T. L. 1946. Rock Tunneling with Steel Sup­
ports, with " Introduction to Tunnel Geology" by Karl Terzaghi , Commer­
cial Shearing and Stamping Company, Youngstown Printing Company , Youngs­
town, Ohio . 

Reynoso , S. S. 1975 . "Tunnel Cost l-1odel: User ' s Manual ," Report No . 6, 
Research Report No . R 75- 29 , Massachusetts Institute of Technology , De­
partment of Civil Engineering , Cambridge , Mass . ; prepared for National 
Science Foundation , Washington, D. C . 

. 1976. "Project Planning and Control in Tunnel Construction," 
_R_e_p_o_r_t~No. 8, Research Report No . R 76- 28, Massachusetts Institute of 
Technology, Department of Civil Engineering , Cambridge , Mass . ; prepared 
for National Science Foundation, Washington, D. C. 

Stark, R. M., and Nicholls , R. L. 1972. Mathematical Foundations for De­
sign: Civil Engineering Systems, McGraw- Hill , New York . 

51 



State of California, Department of Water Resources. 1959 (Sep) . " Inves­
tigation of Alternative Aqueduct Systems to Serve Southern California , 
Appendix C, Procedures for Estimating Costs of Tunnel Construction," 
Bullet in No . 78. 

Terzaghi, K. 1950. "Geological Aspects of Soft Ground Tunneling, " Applied 
Sedimentation, P. D. Trash . ed ., Chapter 11, Wiley and Sons, New York . 

Vick, S. G. 1974 . "A Probabilistic Approach to Geology in Hard Rock Tun­
neling," Report No . 2, Research Report No. 75-11, Massachusetts Insti­
tute of Technology, Department of Civil Engineering, Cambridge , Mass .; 
prepared for National Science Foundation, Washington, D. C. 

Wheby , F. T., and Cikanek, E. M. 1973. "A Computer Program for Estimating 
Costs of Tunneling," Report No. FRA-ORD&D, 74-16, Harza Engineering Com­
pany; prepared for Department of Transportation , Federal Railroad Admin­
istration, Washington, D. C. 

Wyatt , R. D. 1974. "Tunnel Cost Estimating Under Conditions of Uncer­
tainty," Report No . 5, Research Report No. R 75-13, Massachusetts Insti­
tute of Technology, Department of Civil Engineering , Cambridge, Mass .; 
prepared for National Science Foundation , Washington , D. C. 

52 



Table 1 

Explanation of Typical Geological Parameters 
Used to Form Parameter Trees 

Item 

1. Rock Type 

2. Major Defects 

3 . Jointing , RQD 

4. Foliation 

5. Gas 

6. Water Inflow 

7. Compressive Strength 

(TCM) 

Explanation 

Left end node. One parameter tree must 
be created for each geological unit or 
rock type to be modeled . Rock type or 
lithology is used mainly to categorize 
engineering properties of materials . 
Main effect on tunneling is rate of 
drill bit or cutter wear associated with 
different rock types. 

First branch of parameter tree. De­
scribes faults (RQD = 0 by definition) , 
clay seams , or for limestone and dolo­
mites, solution cavities . 

Second branch of parameter tree. Ex­
pressed as high (70- 100) , medium (30- 70) , 
or low (0-30) to describe relative con­
dition of r ock. Helps in prediction of 
tunnel support requirements. 

Third branch of tree . Used for metamor­
phic units . When used for sedimentary 
rocks, refers to bedding . 

Fourth branch of tree . Probabilities 
assigned to existence or nonexistence of 
gas . No quantitative estimate is made. 

Fifth branch of tree . Probabilities as­
signed to high and low inflow; no numer­
ical values assigned to inflow rate. 
May be dependent on jointing and defects 
to some extent. 

Sixth branch of tree . Probabilities of 
strength being very high (>32000 psi), 
high (16000-32000 psi) , medium (8000-
16000) , or low (0-8000) are assigned . 
Used to assist evaluation of bit and 
cutter wear, advance rates, blast 
weights and spacings, and support 
requirements. 
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Table 3 

Nast Tunnel Cost Estimates 

Owner: 
Built: 

USBUREC 
1970-1973 

Length: Design length - 15,653 ft ; as-built length- 15,740 ft . 
Diameter : Finished - 10 ft 
Shape: Circular and horseshoe 
General geolog~: Competent granite, porphyry, some crushed zones 

Construction Estimates 

Estimate No . 

Engineer 1 
Contractor 1 
Contractor 2 
Contractor 3 
Contractor 4 
Contractor 5 
Contractor 6 
Contractor 7 
Contractor 8 
Contractor 9 
Engineer 2 
COSTUN 1 
COSTUN 2 
COSTUN 3 
COSTUN 4 
COSTUN 5 
COSTUN 6 
COSTUN 7 
COSTUN 8 
COSTUN 9 

Total Cost 
millions $ 

As-built Cost 
COSTUN (As- built) 

5. 103 
6. 814 
7. 238 
8.156 
7. 983 
8 . 355 
8.381 
6.763 
6. 568 
9.904 
5. 134 
7. 089 
7. 535 
6.640 
8 . 264 
6. 371 
6. 562 
7.573 
7. 089 
7.089 
7. 473 
7. 691 

Cost , $/ft 

326 
435 
462 
521 
510 
534 
535 
432 
420 
633 
328 
453 
481 
424 
528 
407 
419 
484 
453 
453 
477 
491 

Comments 

1 . Engineer estimate 1 and Con­
tractor bids 1-6 are for the 
drill and blast excavation 
schedule 

2. Engineer estimate 2 and Con­
tractor bids 7-9 are for the 
mole excavation schedule 

3. COSTUN estimates are for 
mole excavation in good qual­
ity rock and conventional ex­
cavation in poor quality rock 

4. In all estimates , costs not 
considered by COSTUN have 
been subtracted from the man­
ual estimates for sake of 
comparison 

5. Contractor bids 1 and 7 are 
from same company, drill and 
blast and mole schedules, 
respectively . This company 
was awarded contract with 
option of using either exca­
vation method as necessary 

6. COSTUN estimate 1 represents 
estimated costs for most 
likely conditions . COSTUN 
estimates 2- 7 are for possi­
ble variations in conditions 
encountered, or for sensi­
tivity analysis 

7. As-built costs include costs 
of relevant change orders 

8. COSTUN as-built estimate in­
cludes costs of 87 ft of 
additional tunneling, which 
resulted from improper align­
ment of mole 



Description 

COSTUN 1 
Best estimate of ex­
pected conditions 

COSTUN 2 
Input rock strengths 
25% higher than ex-
pected strengths 

COSTUN 3 
Input rock strengths 
25% lower than ex-
pected strengths 

COSTUN 4 
Input RQD 33% lower 
than expected RQD 

COSTUN 5 
Input RQD 33% higher 
than expected RQD 

COSTUN 6 
Reduced lining thick­
ness from 18. 5" to 12" 
in segs . 1 , 4, 9, 11 , 
12 and from 14" to 
10" in segs . 3, 5, 6 , 
7, 8, 13 (29 to 33% 
decrease) 

COSTUN 7 
Increased lining 
thickness from 18.5" 
to 24" in segs . 1 , 4, 
9 , 11, 12 and from 
14" to 18" in segs . 
3, 5, 6 , 7, 8, 10, 
13 (29% increase) 

Table 4 

Nast Tunnel COSTUN Estimates 

Tunnel Cost , millions $ 
Labor Equipment ~~terials 

4. 738 1.118 1. 233 

5. 094 1.165 1. 276 

4. 385 1.059 1.196 

5. 609 1. 279 1. 376 

4. 260 0 . 986 1.125 

4. 546 1. 041 0 . 975 

4 . 913 1 . 168 1. 492 

COSTUN 8 4. 738 1.118 1 . 233 
Decreased rock temp 

COSTUN 9 
Increased rock temp 

As-built Cost 

COSTUN (As-built) 

4.738 

NA 

5.252 

1.118 

NA 

1.129 

1. 233 

NA 

1. 310 

Total 

7. 089 

7. 535 

6. 640 

8.264 

6 . 371 

6. 562 

7. 573 

7. 089 

7. 089 

7.474 

7. 691 

Total 
Constr . 

Time, days 

985 

1084 

883 

1203 

865 

955 

1009 

985 

985 

1123* 

1079 

* The number of days required for construction of the tunnel , Granite 
Adit, Fryingpan Conduit, and other items . No breakdown was available 
for the tunnel or for the number of crews working simultaneously . 



Owner: 
Built: 
Length: 

USBUREC 
1975-1980 

35 , 910 ft 

Estimate No. 
Total Cost 
millions $ 

Engineer 1 
Contractor 1 
Engineer 2 
Contractor 2 
Engineer 3 
Contractor 3 
Contractor 4 
Contractor 5 
COSTUN 1 
COSTUN 2 
COSTUN 3 
COSTUN 4 
COSTUN 5 
COSTUN 6 
COSTUN 7 
COSTUN 8 
COSTUN 9 
As-built Cost 
COSTUN (As-built) 

53 . 991 
65 . 513 
47 . 441 
71 . 208 
47 . 257 
44 . 940 
50.915 
63 . 493 
51 . 641 
53 . 841 
59 . 959 
52 . 287 
75 . 130 
72. 054 
49 . 581 
61.373 
62 . 826 
60 . 0 
61.4 74 

Table 5 

Buckskin Mountains Tunnel Estimates 

Cost, $/ft 

1504 
1824 
1321 
1983 
1316 
1251 
1418 
1768 
1438 
1499 
1670 
1456 
2092 
2007 
1381 
1709 
1750 
1671 
1712 

Diameter: Finished - 22 ft 
General geolog~ : Complex volcanic rocks 
Location : Near Parker , Arizona 

Comments 

1 . Engineer estimate 1 and contractor bid 1 for 19-ft 6-in.­
diam horseshoe-shaped tunnel, excavated by drill and blast, 
with cast-in-place concrete lining 

2. Engineer estimate 2 and contr actor bid 2 for 20-ft-diam , 
circular- moled tunnel with cast- in-place concrete lining 

3. Engineer estimate 3 and contractor bids 3-5 for 22- ft - diam , 
circular-moled tunnel with precast concrete segmental 
lining 

4. Contractor bid 3 awarded the contract 
5 . COSTUN estimate 1 for 19- ft 6- in .-diam drill and blast 

tunnel 
6. COSTUN estimate 2 for 20-ft-diam moled tunnel 
7. COSTUN estimates 3- 9 for 22- ft - diam moled tunnel with pre­

cast concrete segmental lining 
8. COSTUN estimates 1-3 for most likely conditions known at 

bid time 
9. COSTUN estimate 4 - RQD increased 15 percent 

10 . COSTUN estimate 5 - RQD decreased 15 percent 
11 . COSTUN estimate 6 - UC strengths increased 25 percent 
12. COSTUN estimate 7 - UC strengths decreased 25 percent 
13. COSTUN estimate 8 - lining thickness increased 33 percent 
14 . COSTUN estimate 9 - lining thickness increased 67 percent 
15. As- built cost does not include pending $6-million claim 
16 . In all manual estimates , costs not considered by COSTUN 

have been excluded for sake of comparison 



Tunnel Cost, 
Estimate No. Labor Equipment 

COSTUN 1 28 . 878 11.006 

COSTUN 2 29 . 875 12 . 871 

CO STUN 3 36.413 13. 303 

CO STUN 4 30 . 937 11.625 

COSTUN 5 47 . 033 16.905 
CO STUN 6 44 . 224 15.853 
CO STUN 7 29.393 11.691 
CO STUN 8 37 . 149 13.688 

CO STUN 9 37.898 14.085 

CO STUN 37.286 13 . 638 
(As-built) 

Table 6 

Buckskin Mountains Tunnel 

COSTUN Estimates 

Total 
millions $ Construction 
Materials Total Time, days 

11.757 51.641 2475 

11.095 53.841 4517 

10. 243 59 . 959 4095 

9.725 52 . 287 3376 

11.191 75 . 130 5444 
11.977 72.054 5088 

8.497 49.581 3106 
10.536 61.373 4153 

10 . 843 62 . 826 4212 

10. 550 61.474 4204 

Comments 

Drill and blast excavation - 19-ft 
6- in .-diam, horseshoe-shaped tunnel 
Mole excavation - 20-ft- diam tunnel 
with cast-in-place lining 
Base run - 22-ft-diam moled tunnel 
with precast concrete segmental 
lining 
Mole excavation - 22-ft-diam tunnel; 
RQD increased 15 percent 
Same to· 

' 
RQD decreased 15 percent 

Same to · 
' 

UC increased 25 percent 
Same to· 

' 
UC decreased 25 percent 

Same to ; lining thickness increased 
33 percent (from 6-8 in.) 
Same to; lining thickness increased 
67 percent (from 6-10 in.) 



Table 7 

Park River Tunnel Estimates 

Owner: U. S. Army Corps of Engineers 
Built: 1978-1980 
Length: 9090 ft 
Diameter: Finished - 22 ft 
General geology: Sedimentary deposits, shale and sandstone 
Location: Hartford, Connecticut 

Estimate No. 

Engineer 1 
Contractor 1 
COSTUN 10 
Engineer 2 
Contractor 2 
COSTUN 11 
Engineer 3 
Contractor 3 
Contractor 4 
Contractor 5 
Contractor 6 
Contractor 7 
Contractor 8 
Contractor 9 
Contractor 10 
COSTUN 1 
COSTUN 2 
COSTUN 3 
COSTUN 4 
COSTUN 5 
COSTUN 6 
COSTUN 7 
COSTUN 8 
COSTUN 9 
As-built Cost 

CO STUN 
(As-built) 

Tunnel 

20 . 916 
24.885 
19.476 
17.977 
14.096 
16.785 
16.123 
11.829 
14.760 
15.111 
14.293 
18.270 
17.689 
20.351 
45.310 
14.453 
13.555 
13.055 
15.851 
19.406 
15.543 
13.360 
15.103 
15.843 

14.453 

Total Cost, 
Inlet 
Shaft 

0. 770 
1.800 
1.971 
0. 770 
3.500 
1.971 
0. 770 
1. 500 
1.100 
1.500 
3.500 
1.050 
1.000 
1.800 
2.500 
1.971 
1.971 
1.971 
1.971 
1.971 
1. 971 
1.971 
1.971 
1.971 

1.971 

millions $ 
Outlet 
Shaft 

1.100 
3. 000 
1.981 
1.100 
3.000 
1.981 
1 . 100 
4.000 
1.500 
4.000 
3. 000 
3.400 
2.600 
3. 000 
2.500 
1.981 
1 . 981 
1.981 
1.981 
1.981 
1.981 
1.981 
1.981 
1.981 

1 .981 

Total 
Project 

22 . 786 
29.685 
23.4 28 
19.847 
20.596 
20. 737 
17.993 
17.329 
17.360 
20.611 
20.793 
22. 720 
21.289 
25.151 
50.310 
18.405 
17.507 
17.007 
19.803 
23.358 
19.495 
17.312 
19.055 
19. 795 

18.405 

Cost 
$/ft 

Tunnel 

2301 
2738 
2143 
1978 
1551 
1847 
1774 
1301 
1624 
1662 
1572 
2010 
1946 
2239 
4985 
1590 
1491 
1436 
1744 
2135 
1710 
1470 
1661 
1743 

1590 

Comments 

1. Engineer estimate 1, COSTUN estimate 10, and contractor bid 1 were 
for the drill and blast excavation schedule with cast-in-place 
concrete lining 

2. Engineer estimate 2, COSTUN estimate 11, and contractor bid 2 were 
for the mole excavation schedule with cast-in-place concrete lining 

3. Engineer estimate 3, contractor bids 3-10, and COSTUN estimates 1-9 
were for the mole excavation schedule with precast concrete seg­
mental lining 

4. COSTUN estimate 1 represented costs for most likely conditions 
known at bid time 

5. COSTUN estimate 2 increased RQD 15 percent 
6. COSTUN estimate 3 increased RQD 30 percent 
7. COSTUN estimate 4 decreased RQD 15 percent 
8. COSTUN estimate 5 decreased RQD 30 percent 
9. COSTUN estimate 6 increased UC strengths 15 percent 

10. COSTUN estimate 7 decreased UC strengths 15 percent 
11. COSTUN estimate 8 increased lining thickness 33 percent 
12. COSTUN estimate 9 increased lining thickness 67 percent 
13. In all manual estimates, costs not considered by COSTUN have been 

subtracted for sake of comparison 



Table 8 

Park River Tunnel COSTUN Estimates 

Project Cost, millions $ Total Construction 
Estimate No. Labor E9uiEment l-1aterials Total Time, dal:s Comments 

COSTUN 1 11.907 3.559 2.939 18.405 611 Base run 
COSTUN 2 11.259 3.363 2. 885 17.507 577 RQD increased 15 percent 
COSTUN 3 10.897 3.260 2.850 17.007 558 RQD increased 30 percent 
COSTUN 4 12.925 3.859 3.019 19.803 664 RQD decreased 15 percent 
COSTUN 5 15 . 506 4.635 3 . 217 23.358 797 RQD decreased 30 percent 
COSTUN 6 12.637 3. 772 3.086 19.495 651 UC strength increased 

15 percent 
CO STUN 7 11.177 3.344 2. 791 17.312 572 UC strength decreased 

15 percent 
CO STUN 8 12.240 3. 724 3. 091 19.055 618 Lining thickness increased 

33 percent 
COS TUN 9 12.617 3. 924 3. 254 19 . 795 624 Lining thickness increased 

67 percent 
COSTUN 10 15.387 3. 716 4.325 23.428 699 Drill and blast option 
COSTUN 11 14.442 3.462 2.833 20.737 671 Hole option with cast-in-place 

lining 
CO STUN 

(As-built) 11.907 3.559 2.939 18.405 611 



APPENDIX A: USER ' S GUIDE FOR PROGRAM COSTUN 

Int r oduction 

1. Documentation for the computer program COSTUN for estimating 

tunnel costs is presented in this appendix and includes the introduction , 

input data, program execution and printer output, and program listing . 

2. COSTUN is available in batch mode on the WES Honeywell GE635 

computer. It has been run on a Univac 1108 at the New England Division 

(NED) Cor ps Office. The program is too large for the WES Tymeshare 

System. The mainline program COSTUN r eads the project title, profit and 

overhead margins , and beginning project stationing . After these data 

ar e read, a series of calls to the various subroutines is initiat ed . 

The first subroutine called is INPUT, which reads the general project 

information , elevations of nodal points , and specific values of all in­

put data for each tunnel segment , tunnel reach, shaft segment , and shaft . 

The computer performs an extensive check of all input data , and error 

statements are printed out for mistakes or incompatible data . If errors 

are encountered that would result in inaccurate solutions, a "Fatal Er­

ror" message is printed . Less ser ious errors are indicated by "Warning" 

messages . The next subroutine called by the mainline program is SFTSET, 

which calculates shaft geometry . LENGTH is then called to calculate 

shaft lengths, hoisting heights , tunnel slopes , and lengths . After these 

calculations have been made, t he input data are printed out by subroutine 

INOUT under headings "Tunnel Input Data" and "Shaft Input Data ." Sub­

sequent subroutines calcul ate excavated dimensions , spoil quantities, 

advance rates , pumping heights and quantities, and a host of other fac­

tors necessary for a complete estimate . These subroutines and their 

functions are listed and described by comment cards in the program list­

ing and in the documentation report . 
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Input Data 

3. Input data must be entered on the file cards, with all data 

right-justified within formats. The job control cards are placed at the 

front of the deck and then followed by: 

Item 1. Title cards. All 10 must be included, even if blank. 
Any alphanumeric data may be entered in columns 1-64. 

Item 2. Printout options (one card). Enter code 0 or leave blank 
to print all input data, 1 in column 1 to suppress nodal 
points, 1 in column 2 to suppress tunnel input data, 1 in 
column 3 to suppress shaft input data, 1 in column 4 to 
suppress calculated tunnel data, 1 in column 5 to sup­
press calculated shaft data, 1 in column 6 to suppress 
tunnel segment and reach costs, 1 in column 7 to suppress 
shaft segment and shaft costs, 1 in column 8 to suppress 
tunnel reach cost summary, and 1 in column 9 to suppress 
shaft cost summary. 

Item 3. Profit and overhead margins and beginning of project sta­
tioning (one card). Columns 1-10 contain profit margin 
in percent, columns 11-20 overhead margin in percent, and 
columns 21-30 beginning project stationing, any positive 
or negative number between + 10,000. As an example, en­
ter 4059.6; not 40 + 59.6. 

Item 4. Nodal point elevations. Use one card per nodal point. 
Place nodal point number in columns 2-5. Place nodal 
point elevations in columns 11-20. Nodal points are 
used to designate the ground surface elevation at each 
shaft or portal and the ends of shaft and tunnel seg­
ments. Tunnel segment elevations should be referenced 
to center-line elevations and to ground surface for cut 
and cover. 

Item 5. Data separator (one card). Enter 999999 in columns 1-6. 

Item 6. Tunnel segment data. Include one card per segment. 
Data for soft ground and cut-and-cover segments are con­
tinued on a second card. Columns 1-4 contain the seg­
ment number; the sequence of cards must correspond to 
the sequence of segments within a reach. The left nodal 
point number i~ placed in columns 5-8, right nodal point 
number in columns 9-12, and the horizontal length of the 
segment, in feet, in columns 13-20. Columns 21-24 
contain the tunnel reach number. The UC strength of in­
tact rock, in pounds per square inch {psi), is entered 
in columns 25-31 for rock segments only. RQD is entered 
in columns 32-36 in percent, with any positive number 
between 25 and 100, for rock or cut-and-cover segments. 
For cut-and-cover segments, RQD refers to material below 
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sound rock elevation (see columns 55-60 on continuation 
card). Excavation method is coded in column 39. Enter 
code 1 for conventional (drill and blast), 2 for moled 
rock, 3 for moled soft ground, 4 for soft ground hand 
excavation, 5 for soft ground ripper excavation, 6 for 
cut and cover with vertical sidewalls, and 7 for cut and 
cover with sloping sidewalls . The uniform advance rate 
is entered in feet per day in columns 40-44. If left 
blank, COSTUN will calculate the value. 

The data base used to form the program's advance rate equations is rather 

small for moled rock tunnels and moled shafts. Therefore, the user 

should examine advance rates calculated by COSTUN for these methods to 

see if they appear reasonable . The uniform advance rate, whether calcu­

lated by COSTUN or input by the user, is the advance rate that would be 

achieved if the segment were sufficiently long to permit work crews and 

equipment to reach peak efficiency . However, much time is lost during 

project start-up, when switching to new headings, or when changing exca­

vation methods. Thus, the average advance rate is always less than the 

computed uniform advance rate . The average advance rate, on which costs 

are based, is computed internally by COSTUN by making adjustments to the 

uniform advance rate, as described previously. Water inflow is coded in 

gallons per minute in columns 45-51 and refers to inflow at the working 

face . Lining type is entered in column 54 with code 0 for unlined seg­

ment, 1 for cast-in-place concrete lining, 2 for shotcrete lining, 3 for 

precast concrete cut-and-cover box, and 4 for precast concrete segmental 

lining . 

4 . The option for precast concrete segmental lining was not in­

cluded in the original COSTUN program. This subroutine was developed by 

NED personnel, based on limited experience, and should be used with cau­

tion . Adjustments to the cost base for this option are anticipated as 

experience is gained. This option requires that a lining thickness be 

input in columns 55-60 and the specified shape be circular with a water­

tight lining and mole excavation. 

5. The user must ensure that the data discussed previously for 

precast segments are input, or the output will be erroneous . An error 

message is not printed out for erroneous input on the precast segment 
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option. Acceptable conditions for other specified lining types, such as 

the unlined segment (code 0) , are: (a) in rock segments if watertight 

lining is not required (columns 73-75), and (b) in soft ground segments 

provided the support type on the continuation card (columns 52-54) is 

code 1 , 2, or 3 for cast iron segments , precast concrete segments, or 

steel segments, respectively. However , an unlined segment is unaccep­

table in cut- and-cover segments . Lining code 1 or 2 must be used in 

conjunction with support code 4 in soft ground segments; code 0 or 2 is 

unacceptable in cut-and- cover segments; and code 3 is unacceptable in 

rock or soft ground segments . Lining thickness is input in columns 55- 60. 

If left blank, COSTUN will calculate the thickness of cast-in-place 

concrete lining (code 1 in column 54) or shotcrete (code 2 in column 54). 

For unlined segments , it will calculate the backplate thickness of soft 

ground segmental supports (code 1 , 2, or 3 in column 54 of continuation 

card) . For precast concrete segmental lining (code 4 in column 54) , the 

thickness must be input . If a thickness is input for code 3 (cut-and­

cover precast concrete box) , it will be ignored. Rock or soil tempera­

ture is coded in degrees Fahrenheit in columns 61- 64 for rock and soft 

ground segments . In column 66, the user should enter code 0 if formwork 

costs for cast- in- place concrete lining are to be computed and code 1 if 

formwork costs are to be eliminated . Code 1 should be used when the 

concrete is cast behind the steel liner plate that serves at the form . 

Groundwater elevation is input in columns 67-72 . The average ground­

water elevation within the segment should be used . Column 75 is used to 

designate whether a watertight lining is required. In ~his column , the 

user should enter code 0 for a drained lining or drained soft ground 

support, or for groundwater elevation below the segment invert eleva­

tion, and code 1 for watertight lining or soft ground tunnel support . 

A cut- and- cover lining is automatically designated watertight . Tunnel 

type is coded in column 80 with 1 for rock, 2 for soil, and 3 for cut 

and cover . 

Item 7. Tunnel segment continuation card . Include one card for 
each soft ground or cut- and- cover segment immediately 
after the main segment card to which it applies. Enter 
data as follows: 
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Columns 5-8 - Left- ground surface nodal point number . 

Columns 9- 12 - Right-ground surface nodal point number . 

Columns 13-20 - Effective grain size 
metres . 

o10 , in milli-

Columns 21- 24 - Enter the undrained angle of internal 
friction ~ in degrees . 

Columns 25- 31 - Enter undrained soil cohesion, in 
pounds per square foot (psf) . 

Columns 32-36 - Enter saturated unit weight of soil, 
in pounds per cubic foot (pcf) . If no value is in­
put , COSTUN uses the default value of 120 pcf . 

Columns 37- 39 - Enter dewatering option ; use code 0 if 
dewatering is not permitted . Code 1 must be used 
for sloping-sided open cuts if groundwater elevation 
is above the bottom of the trench and the impervious 
layer is below groundwater elevation. 

Columns 40-44 - Enter average elevation of groundwater 
within segment . 

Columns 45- 51 (optional input) - Enter soil permeabil­
ity , in centimetres per second (em/sec), for the 
strata in which dewatering or face stabilization will 
occur . If no value is input , COSTUN will compute 
from the empirical relationship 

2 
K = co

10 

where C is an empirical factor and o
10 

is the 
effective grain size in millimetres . 

Column 54 (support type) - Enter code 0 for sloping­
sided open cuts , 1 for soft ground supported by cast 
iron segments, 2 for soft ground supported by pre­
cast concrete segments , 3 for soft ground supported 
by steel segments , 4 for soft ground supported by 
steel ribs and lagging (used with lining codes 1 or 
2 in column 54 of main segment card) , 5 for vertical­
sided open cuts supported by soldier piles and lag­
ging, and 6 for vertical-sided open cuts supported 
by slurry walls . 

Columns 55- 60 - Required only for cut and cover . Enter 
the average sound rock elevation within the segment, 
below which RQD is greater than or equal to 50 . 

Column 64 - Required only for cut and cover . Enter 
the method of bracing open cuts with code 0 for 
sloping-sided open cuts , 1 for exclusive use of 
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struts, 2 for exclusive use of tieback anchors, and 
3 for struts above the box roof and tieback anchors 
below the box roof. 

Column 66 - Required only 
the decking requirement 
be used for no decking, 

for cut and cover. 
option with codes 0 
respectively. 

Enter 
and 1 to 

Columns 67-72 {optional input) - Enter stability num­
ber. For vertical open cuts, enter the value above 
sound rock including benefits of dewatering. For 
soft ground tunnels, enter the value at the face, 
after stabilization. Leave blank for sloping-sided 
open cuts or when it is desired to let COSTUN com­
pute the value. For soft ground segments, the sta­
bility number input must be between 0 and 9 if the 
angle of internal friction is less than 29 deg and 
must be between 0 and 7 if the angle of internal 
friction is greater than or equal to 29 deg. 

Column 74 - Required only for soft ground. Enter the 
soft ground face stabilization method with code 0 if 
no stabilization method is to be used, or if 1 or 2 
is entered in column 75, 1 for compressed air, 2 for 
dewatering, and 3 for ground injections. 

Column 75 - Required only for soft ground. Enter code 1 
to allow COSTUN to select method for face stabiliza­
tion and check for increased stability (reduce sta­
bilization number) based solely on input parameters 
and internal calculations. Use code 2 to have COSTUN 
select a stabilization method only if the tunnel 
otherwise cannot be excavated, 3 to have COSTUN use 
the preferred method entered in column 74 above only 
if the tunnel otherwise could not be excavated, and 
4 if the method entered in column 74 is to be used 
regardless of face stability. If code 1 or 2 is en­
tered in column 75, column 74 must be blank or con­
tain a zero; if code 3 is entered in column 75, a 
method must be specified in column 74. , Columns 67-72 
must be blank if code 1, 2, or 3 is entered in 
column 75. A stability number or stabilization 
method must be entered in columns 67-72 if code 4 
is entered in column 75. 

Columns 76-80 - Required only for soft ground. Enter 
the air pressure, in psi, between 0 and 50 to be 
used for face stabilization. Zero must be entered 
if column 74 does not contain code 1 and if column 75 
does not contain code 3 or 4. If compressed air is 
specified (code 1) or selected in column 74, then the 
air pressure must be greater than zero in 
columns 76-80. 
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Item 8 . 

Item 9. 

Data seEarator (one card) . Enter 999999 in columns 1-6. 

Tunnel reach data. Include one card per reach . 

Columns 1-4 - Enter the reach number. 

Columns 5- 8 - Enter the exit shaft number. 

Columns 9-14 - Required only for rock or soft ground . 
Enter the characteristic finished dimension, in feet, 
with any number from 10 to 40. 

Column 17 - Required only for rock or soft ground. 
Enter the tunnel shape with code 1 for circular, 2 
for horseshoe , and 3 for baskethandle . 

Column 20 - Required only for rock or soft ground . 
Enter the muck transport method with code 1 for 
truck, 2 for conveyor, 3 for train, and 4 for con­
veyor in compressed air and truck in free air . 

Columns 21-25 (optional input) - Enter the number of 
work hours per day . If no value is input , the de­
fault value of 24 hr is used . 

Columns 26-29 (optional input) - Enter the number of 
work days per week . Default value is 6. 

Columns 30-32 - Required only for cut and cover. Enter 
the number of contiguous box units in a single- level 
cut-and- cover box . 

Columns 33- 37 - Required only for cut and cover . En­
ter finished box width, in feet . For a single-level 
box, width equals clear span times number of units. 
For a double- level box, width equals two times the 
single level width. Any positive number between 10 
and 40 may be input. 

Columns 38- 42 - Required only for cut and cover . En­
ter finished box height , in feet. For single- level 
box, height equals clear height of one unit ; height 
of double-level box equals two times clear height of 
one unit . Any positive number between 10 and 20 is 
permissible for a single- level box and between 10 
and 40 for a double-level box. 

Columns 43- 45 - Required only for cut and cover . En­
ter the select box option with codes 0 and 1 to be 
used for single-level and double-level box, respec­
tively . 

Item 10. Data seEarator (one card). Enter 999999 in columns 1-6 . 

Item 11. Shaft segment data . Include one card per segment . 
Data for soft ground and cut-and- cover segments are 
continued on a second card. For rock shaft segments, 
dummy shafts, or portals, the continuation card must 
be omitted. 
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Columns 1- 4 - Shaft number . 

Columns S-8 - Segment number. Enter any positive in­
teger from 1 to 999 . Within any shaft, the segment 
numbers must be exclusive, but in different shafts , 
the numbers may be duplicated . Shaft segment num­
bers need not be in sequence, but sequential arrange­
ment of cards must be from top to bottom of shafts . 

Columns 9-12 - Upper nodal point number. Enter the 
number of the nodal point at the top of the segment . 

Columns 13-16 - Lower nodal point number . Enter the 
number of the nodal point at the bottom of the seg­
ment ; if a portal, this number should be identical 
with the upper nodal point number . 

Columns 25-32 - Required only for rock . Enter intact , 
UC rock strength, in psf or in psi, with any posi­
tive number . Leave blank when the shaft is a portal . 

Columns 33- 36 - Required only for rock. Enter RQD in 
percent, with any positive number from 25 to 100. 
Leave columns blank when the shaft is a portal. 

Columns 37- 39 - Required only for rock or soft ground . 
Enter the excavation method with code 1 for conven­
tional rock excavation , 2 for moled rock excavation , 
3 for moled soft ground excavation , or 4 for hand 
excavation in soft ground . Leave blank when the 
shaft is a portal or a dummy . * 

Columns 40- 45 (optional input) - Enter uniform advance 
rate with any positive number , in feet pe r working 
day; if blank or contains a zero , COSTUN computes 
the advance rate . Leave blank when the shaft is a 
portal or a dummy . 

Columns 46- 48 - Rock only . For water inflow, enter 
code 1 for waterbearing formations; leave blank when 
the shaft is a portal or for dry formations . Con­
trol of inflow in shafts is assumed to be invariant . 
If inflow occurs , grouting around the perimeter of 
the shafts is the assumed control method . Costs are 
based on grout holes drilled on 5-ft centers around 
the perimeter of the shaft for the entire thickness 
of the waterbearing formation . 

Columns 49- 51 - Lining type . For unlined segment, 
portal, or dummy , enter code 0 or leave blank; for 
cast- in- place concrete lining, code 1; for shotcrete 

* Note : A dummy shaft is an imaginary shaft used for internal bookkeep­
ing purposes only to separate segments constructed by different excava­
tion methods . No costs are calculated for a dummy shaft. 
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lining, code 2; and for precast cut- and- cover lining , 
code 3. An unlined segment is acceptable in rock 
segments provided a watertight lining (columns 66- 68) 
is not required; in soft ground segments provided 
the support type (columns 49-51 on continuation card) 
is code 1, 2, or 3; and in cut- and-cover segments 
provided the shaft is a portal or a dummy. When 
lining code 1 or 2 is used in conjunction with sup­
port code 4 in soft ground segments , code 1 or 2 is 
unacceptable in cut-and-cover segments , and code 3 
is unacceptable for rock or soft ground segments . 

Columns 52- 57 (optional input) - For lining thickness , 
enter any positive number , in i nches ; leave blank 
when shaft is a portal or a dummy . A thickness may 
be input for code 0, 1, or 2 above ; for code 0 , t he 
value input r efers to the backplate thickness of 
segmented soft ground shaft supports (code 1 , 2, or 
3 in columns 49- 51 of continuation card) . 

Columns 58- 59 - For formwork to be used in conjunction 
with cast- in- place concrete linings in soft ground 
or rock segments , enter code 0 or leave blank if 
formwork costs are to be computed and code 1 if form­
work costs are to be eliminated . Code 1 should be 
used if the concrete is to be cast behind a steel 
liner that serves as the form. Note that the cost 
of the steel liner is not computed by COSTUN . 

Columns 60- 65 - Groundwater elevation. Leave blank for 
a portal or a dummy shaft . Enter any number repre­
senting the average groundwater elevation for the 
enti r e shaft . 

Columns 66-68 - Watertight lining or soft ground shaft 
support . For an unlined shaft segment , for a drained 
lining or drained soft ground support , for a gr ound­
water table below the segment , or for a por t al or 
dummy shaft , enter code 0 or leave blank; for a 
watertight lining or soft ground shaft support, en­
ter code 1 . Note that a cut-and- cover lining is 
automatically designed as watertight . 

Columns 69-73 - Shaft type. For rock, dummy, or por­
tal , enter code 1; for soft ground , code 2; and for 
cut and cover , code 3. 

Item 12 . Shaft segment continuation card . Include this card 
only if the segment is soft ground or cut and cover 
(code 2 or 3 in columns 69-73 of main card) . This 
card must be placed immediately behind the main card 
to which it applies . 
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Columns 17-24 
metres . 

Effective grain size o10 , in milli-

Columns 25-32 - For undrained soil cohesion, in psf, 
enter zero or blank or any positive number . Usually 
this value is zero for sands and gravels, but it 
cannot be zero if columns 37-39 below are also zero 
or blank . 

Columns 33-36 (optional input) - For unit weight of 
soil , in pcf , enter zero or blank or any positive 
number up to 200 . If no value is input , COSTUN will 
assume 120 . 

Columns 37- 39 - Undrained angle of internal friction , 
in degrees . 

Columns 40-45 - For elevation of imper vious layer , en­
ter any number representing the elevation for the 
segment . Not required for soft ground segments if 
dewatering is not permitted or if the ground is not 
capable of being dewatered (D

10 
s 0. 08 mm or PERM 

s 0 . 0006 em/sec); not requireo for cut- and- cover 
segments . 

Columns 46-48 - Dewatering permitted . For cut-and­
cover segments or if lowering of the groundwater 
table by pumping is not permitted, enter code 0 or 
leave blank; if lowering of the groundwater table 
is permitted , enter code 1. 

Columns 49- 51 - Support type . For soft ground sup­
ported by cast iron segments, enter code 1 ; for soft 
ground supported by precast concrete segments, code 2; 
for soft ground supported by steel segments , code 3; 
for soft ground supported by steel ribs and lagging 
(used with lining code 1 or 2 in columns 49-51 on 
main segment card), code 4; and for cut- and- cover 
construction , code 5 . 

Columns 52- 59 (optional input) - For soil permeability , 
in em/sec, enter the permeability at the l~vel in 
which dewatering or face stabilization will occur ; 
omit for cut-and-cover segments . If no value is in­
put, COSTUN will compute if needed . 

Columns 60-65 (optional input) - Stability number. For 
soft ground s.egments , enter the value at the face in­
cluding the effect of any stabilization methods ; for 
cut-and- cover segments , leave blank. If no value is 
to be input or if it is desired to let COSTUN compute 
it , enter code 0 or leave blank. Otherwise, input 
any number from 0 to 9 if PHI< 29 or any number from 
0 to 7 if PHI ~ 29. 
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Columns 66-67 - Required only for soft ground. Stabi­
lization method; in conjunction with column 68 below, 
the soft ground face stabilization method either pre­
ferred or desired to be used; for required use of no 
method or for code 1 or 2 in column 68, enter code 0 
or leave blank; for stabilization by compressed air, 
code 1; for stabilization by dewatering , code 2; and 
for stabilization by ground injections, code 3 . 

Column 68 - Required only for soft ground. To allow 
COSTUN to select a face stabilization method and 
check for a significant reduction in the stability 
number based solely on input parameters, enter code 1; 
to have COSTUN select a stabilization method only if 
the tunnel could not otherwise be excavated , code 2; 
to have COSTUN use the preferred stabilization meth­
od (columns 66- 67 above) only if the shaft could not 
otherwise be excavated , code 3; to have COSTUN use 
the given stabilization method regardless of the face 
stability , code 4. For code 1 or 2, a face stabili­
zation method must not be specified in columns 66 
and 67 ; for code 3, a method must be specified in 
columns 66 and 67 ; for codes 1, 2, and 3, a stabil­
ity number must not be input in columns 60-65; and 
for code 4, either a stability number or a stabili­
zation method (both are also acceptable) must be in­
put (blank or zero in columns 66 and 67 indicates no 
stabilization method is to be used). 

Columns 69-73 - Required only for soft ground. For 
the air pressure to be used for face stabilization , 
in psi, input any positive number from 0 to SO. If 
a stability number is input and the stabilization 
method selected is compressed air, a number greater 
than zero must be input ; a value other than 0 must 
not be specified if columns 66-67 do not contain 
code 1 and if column 68 does not contain code 3 or 4 . 

Item 13 . Data separator (one card) . Enter 999999 in columns 1-6 . 

Item 14. Shaft data. Include one card per shaft . 

Columns 1-4 - Shaft number . 

Columns 5-10 - Shaft size. Enter the characteristic 
finished dimension, in feet , with any number from 
10 to 40. Leave blank when the shaft is a portal 
or a dummy . 

Columns 11-13 - Shaft shape. For a dummy or portal, 
enter code 0 or leave blank; for a circular shape, 
code 1; and for a square shape, code 2. 

Columns 14-21 - Distance to disposal. Enter distance 
to user-selected disposal site, in miles . 
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Columns 22-28 - Cost of the disposal site , in dollars 
per acre . 

Columns 29- 32 - For aboveground air temperature, in 
degrees Fahrenheit , any positive or negative number 
is entered but can be omitted if all reaches associ­
ated with the shaft are cut and cover . 

Columns 33-38 - Labor cost index. Calculate by divid­
ing the cost of labor for period of consideration by 
costs of labor in Chicago in 1969 . This value was 
$35.17 in Chicago in 1969 and consisted of hourly 
wages and fringes for heavy construction , one each; 
common labor plus skilled iron workers plus hoisting 
engineers plus tractor operators plus air compressor 
operator plus truck driver . This mix is representa­
tive of labor employed in tunnel construction . Rates 
are published monthly by Engineering News Record 
(ENR) for 20 cities and annually for an additional 
25 cities . In addition , information on labor rates 
may be obtained by contacting the U. S. Bureau of 
Labor Statistics , union offices , or local employment 
offices. 

Columns 39-44 - Equipment cost index . Based on ENR 
quarterly report of "Equipment List Price Trends , 
All Types of Equipment . " Equipment Cost Index is 
calculated by dividing the index value for the peri­
od of consideration by the index value in 1969, 
which was 110. 4 on a base of 100 for 1967 . 

Columns 45- 50 - Material cost index . Calculate by di­
viding the ENR Construction Cost Index , material 
prices for location of the project for the period of 
project construction , by the Chicago index for 1969 . 
The unit of materials to use consists of 22 . 5 cwt 
bulk cement , carload lots (prior to 1972 used 6 bbls), 
1 Mfbm of pine or fir 2x4 ' s , and 25 cwt standard 
structural steel shapes , W8x31 , base price, FOB 
warehouse. The 1969 Chicago cost of these mtls was 
$402 . 50. 

Columns 51-56 - Regional cost factor . Used to assess 
construction cost differences in various regions of 
the United States . Enter 0 . 9 for Chicago , 1 . 2 for 
San Francis~o, 2. 0 for New York City, 0.8 for all 
other areas , or any other number the user deems 
appropriate. 

Columns 57-61 (optional input) - For work hours per 
day , enter any positive number from 0 to 24. If no 
value is input , 24 will be assumed . 
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Columns 62-65 (optional input) - For work days per 
week, enter any positive number from 0 to 7. If no 
value is input , 6 will be assumed. 

Item 15. Data separator (one card). Enter 999999 in 
columns 1-6. 

Item 16. End of system (one card) . Enter end of system in 
columns 1- 13 . 

6. At this point, input decks for additional tunnel-shaft 

systems may be prepared. The additional decks should start with the 

title cards and end with the end of system card above. The additional 

system data decks may be stacked for a single computer run. Final job 

control cards are placed behind the last end of system card . 

Fatal errors 

7. Data inputs that would cause material inaccuracies in the 

problem solution and that can be identified by internal checks in sub­

routines INPUT, SFTSET, and LENGTH are programmed to halt execution of 

the computations. Such inputs, are, therefore, called "fatal" errors . 

The following tabulation is a complete listing of all fatal errors 

checked in INPUT, SFTSET, and LENGTH. The Format Statement Number is 

the number of the statement in the program listing that will be printed 

out as a result of the error. All are checked in INPUT except as noted 

in paragraph 7. 

Description 

No separator card after nodal point card 

Duplicate nodal point number 

Nodal point < 1 or > NPMAX* 
NPMAX = max. no . of nodal points 

Number of segments > NTSMAX* or NSSMAX* 
NTSMAX - max. no . of tunnel segments allowed 
NSSMAX = max. no. of shaft segments allowed 

No separator card after tunnel segment data or 
tunnel type coded incorrectly 

Format Statement No . 

Tunnels 

1500 

1013 

1001 

1016 

1501/2000 

Shafts 

1500 

1013 

1001 

1017 

* See the program listing (paragraph 16) for present dimensions of these 
variables . 
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Format Statement No. 

Description 

Duplicate reach or shaft number 

Segment card out of sequence 

Nodal point card omitted 

Excavation method coded incorrectly 

Tunnels 

1022 

1015 

1031 

1030 

Excavation method does not match tunnel or shaft type 2005 

Thickness specified ; no lining 1045 

Lining type coded incorrectly 1043 

Lining type does not match tunnel or shaft type 2010 

Input advance rate less than zero 1065 

Watertight lining requirement coded incorrectly 2015 

No lining or support specified for watertight tunnel 2020 
or shaft 

RQD < 25 in rock tunnel or shaft 

RQD < 0 or > 100 

Surface nodal point out of sequence 

Surface nodal point card omitted 

Surface nodal point elevation below 

Effective grain size not specified 

Soil strength not specified 

Friction angle > 100 deg 

Unit weight of soil > 200 pcf 

tunnel 

Dewatering requirement coded incorrectly 

2030 

1062 

2040 

2045 

2050 

2055 

2060 

2063 

2064 

2065 

Impervious layer above ground surface 2072 

Impervious layer at ground surface, soil not clay 2073 

Impervious layer above base of shaft segment 

Support type coded incorrectly 

Support type does not match tunnel or shaft type 

Lining type does not match support type 

Rock elevation above ground surface 

Bracing code < 0 or > 3 

Bracing code for vertical cut < 0 

Decking coded incorrectly 

Al4 

2075 

2080 

2085 

2092 

2095 

2100 

2105 

Shafts 

1023 

1115 

1131 

1029 

2210 

1046 

1048 

2220 

1075 

2225 

2230 

2212 

1072 

2245 

2250 

2253 

2254 

2255 

2262 

2265 

2270 

2275 



Format Statement No . 

Description Tunnels 

Stability number too high ; excavation impossible 2115 

Stabilization method coded incorrectly 2120 

Stabilization use coded incorrectly 2125 

Air pressure not specified for compressed air 
stabilization with input stability number 2130 

Stability number specified ; incorrect stabilization 
use code 2135 

Air pressure specified ; compressed air 
stabilization not specified 2137 

Stabilization use code does not match method 2140 

Unacceptable stabilization method input 2147 

No separator card after reach data 1502 

Reach number < 1 or > NTRMAX 1021 

Size indicates cut- and-cover ; shape code is not zero 2150 

Shape indicates cut and cover; size in wrong column 2151 

Duplicate reach or shaft data cards 

Muck transport method coded incorrectly 

Shape coded incorrectly 

Shape indicates cut and cover; muck transport 
method specified 

No muck transport method specified 

Work hours per day < 0 or > 24 

Work days per week < 4 or > 7 

Box dimension (s) not input 

Number of box units not specified for cut and cover 

Noncircular shape for mole excavation 

Compressed air required ; truck muck transport 
specified 

Cast iron support specified for noncircular shape 

1026 

1041 

1042 

2152 

2153 

2155 

2160 

2165 

2175 

1040 

2195 

2200 

Tunnel is not cut and cover; no shape specified 2201 

Shape specified is not for cut and cover 

RQD of sound rock < 25 for cut and cover 

Sloping cut through pervious ground below GWT; 
dewatering must be allowed 

Al5 

2202 

2204 

2205 

Shafts 

2285 

2290 

2295 

2300 

2305 

2307 

2310 

2320 

1027 

2325 

2335 

2340 

2355 

2350 



Format Statement No . 

Description 

Segment in nonexistent reach or shaft 

Reach or shaft number not referred to 

Reach ends at nonexistent shaft 

Shaft number< 1 or > NSMAX 

Groundwater elevation within shaft segment 

Shaft inflow coded incorrectly 

Shape indicates a dummy shaft , size given 

Size indicates a dummy shaft , shape code not zero 
or blank 

Square shaft in rock 

Missing separator card after shaft segment data, or 
shaft type coded incorrectly 

No separator card after shaft data 

No cut-and-cover segments in a cut-and- cover 
shaft (SFTSET) 

No cut-and-cover segment adjacent to dummy shaft 
(LENGTH) 

Tunnels 

1200 

1203 

1202 

Shafts 

1201 

1204 

1034 

2240 

1047 

2330 

2332 

2345 

1503/2207 

1504 

1000 

2000 

8 . Fatal errors may also be detected after some preliminary pro­

cessing in subroutines CALCS , AIRPRS and STABIL that are identified in 

the program listing . In this case , the calculated tunnel data and cal­

culated shaft data will be printed out (unless suppressed) , and then the 

program execution will be halted . Fatal errors in this category are 

listed below . 

Description 

Stability number too high after stabili­
zation ; excavation impossible 

Stabilization is required but input method 
not acceptable 

Stabilization is required but input method 
not effective 
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Format 
Statement No . 

Tunnels Shafts 

2000 3000 

2030 3030 

2035 3035 

Subroutine 

STABIL 

STABIL 

STABIL 



Format 
Statement No . 

Description Tunnels 

Stabilization is required but input speci-
fies no method must be used 2050 

Excavation impossible by using air pres-
sure < 50 psi 2000 

Raul slope too steep for a train 1020 

Tunnel too small for a truck 1021 

Slope too steep for muck transport methods 1023 

Truck muck transport in compressed air 
tunnel 1025 

Nonfatal errors 

Shafts 

3050 

3000 

Subroutine 

STABIL 

AIRPRS 

CALCS 

CALCS 

CALCS 

CALCS 

9. Data inputs that are beyond the range for which the cost re­

lationships are believed to apply with accuracy are nonfatal errors . 

These errors will not halt execution of the program, but a warning will 

be printed out to call attention to their existence. Included in the 

category of nonfatal errors are various reminders and warnings as to the 

final use of certain input data . 

Description 

Rock strength < 500 psi 

Cut-and-cover segments are watertight 

Groundwater elevation is zero or blank, 
used zero 

RQD > 25 for soft ground tunnel 

Coefficient of permeability > 10 em/sec 

Friction angle > 45 deg 

Impervious layer elevation is zero or 
blank, used zero 

Format 
Statement No. 

Tunnels 

1060 

2017 

2025 

2035 

2061 

2062 

2070 

Shafts 

1070 

2227 

2235 

2215 

2251 

2251 

2260 

Rock elevation is zero or blank, used zero 2090 

Cut-and-cover box deeper than 100 ft 2094 

Stabilization method is not acceptable 

Size < 10 or > 40 ft 
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2145 

1064 

2315 

1074 

Subroutine 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 



Description 

Box width exceeds 40 ft 

Box height > 20 ft for single-level box 

Box height > 40 ft for double-level box 

Impervious layer above tunnel, D
10 

> 0.005 

RQD of sound rock is 25-50 for cut and 
cover 

No excavation method specified ; dummy shaft 
assumed 

Dummy shaft , cost=O 

Shaft depth > 3000 ft 

Reach length > 20 miles 

Input thickness less than standard 
design, input ignored 

Input thickness appear to be inadequate 
for water pressure 

Lining thickness was input for cut- and­
cover box 

Groundwater below segment ; input inflow 
ignored 

Stabilization method not effective ; no 
method used 

Input stabilization method not required 

Input stabilization method not accep­
table nor required 

Stabilization method not effective ; 
method used anyway 

Hand excavation used rather than input 
method 

Conveyor/truck transport used rather 
than input method 
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Format 
Statement No. 

Tunnels 

2!"70 

2180 

2l85 

2190 

2203 

1061 

1010 

2710 

3500 

3600 

2010 

2015 

2020 

2025 

2040 

1030 

Shafts 

2208 

2327 

1071 

1011 

2711 

3605 

3010 

3015 

3020 

3025 

3040 

Subroutine 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

LENGTH 

LENGTH 

SIZEST/SIZESS 

SIZEST/SIZESS 

SIZEST/SIZESS 

SIZEST/SIZESS 

STABIL 

STABIL 

STABIL 

STABIL 

STABIL 

CALCS 



10. Several of the above messages are caused by elevations that 

are not associated with nodal points. INPUT makes extensive checks for 

missing input data. Unfortunately , the computer cannot distinguish be­

tween a zero and a blank data field. Therefore , COSTUN cannot be cer­

tain that the user meant elevation 0 or just forgot to input a number . 

These messages can be avoided by specifying an elevation close to zero, 

like 0 . 1 or 0 . 01, if elevation 0 is indeed desired . 

Progr am Execution and Printout 

Program execution 

11. COSTUN is executed in core . During operation it neither re­

fers to information stored on another tape nor generates another data 

tape . Therefore, no special operat ing instructions are necessary . 

12. The program stores most data in one of five arrays (A, B, 

CNP, SHAFT, and TRDATA). These five arrays are stored in one main array 

called ARRAY. This procedure allows the user to alter the storage re­

quirements of COSTUN . The storage requirements are a function of the 

allowable number of tunnel and shaft segments, tunnel reaches, and 

shafts. COSTUN as written provided for NTSMAX (maximum number of tunnel 

segments) = 300, NSSMAX (maximum number of shaft segments) = 300, NSMAX 

(maximum number of shafts) = 100, and NTRMAX (maximum number of reaches) -

200. The version presented in the program listing allows NTSMAX = 20, 

NSSMAX = 10 , NS~iAX = 10, and NTRMAX = 20 . 

13 . The storage requirements can be changed by changing any or 

all four of these key variables in the main program. If the change is 

made after the initial compilation, then only the main program needs to 

be recompiled . If these variables are made larger , the dimension of ARRAY 

(first execute card in MAINLINE) must be increased . If these variables 

are made smaller, the dimension of ARRAY need not be changed, but failure 

to do so will result in paying for more computer storage than necessary . 

The minimum dimension of ARRAY is given by 

MINARR = 74 X NTSMAX + 46 X NSSMAX + 23 X NSMAX + 23 X NTRMAX 

M9 



14. For the values originally provided for these four key vari­

ables , the minimum dimension of ARRAY was 42 , 900. If the dimension of 

ARRAY is changed to less than the minimum required dimension, a message 

will be printed and the computer run will terminate . Whenever the di­

mension of ARRAY is changed , the value of ~1 (fifth execute card in 

MAINLINE) must also be changed to that of the new dimension of ARRAY. 

The present dimension of ARRAY is 2630 . This size allows most tunnels 

to be estimated without problems and saves some storage costs . 

Printout 

15 . The printout consists of the t unnel and shaft title and all 

other input data , unless the s uppr ess option , described previously i n 

paragraph 3, is used to suppr ess one or more items of input data . Af t er 

the selected input is printed out, the program prints out calculated 

tunnel data , consisting of length , slope , excavated dimensions and quan­

tities , advance rates , lining thickness , pump rates and heads , and con­

struction time. Position of the airlock, if used , stabilization method 

used , unit weights , permeability , concrete volumes , and backfill volumes 

are listed where appropriate for each tunnel segment within each reach . 

The same categories of calculated data are printed out for each shaf t 

under the heading, "Calculated Shaft Data . " Next , tunnel costs are lis­

ted by reach and segment number under column headings for excavation 

setup , excavation , muck loading , muck hauling , muck hoisting , muck dis­

posal , supports , lining , lining for mwork , grouting , pumping , and air 

conditioning , and these unit costs are tallied to obtain the segment 

cost per foot and total segment costs, which are printed . This process 

is repeated for each segment . Then a summary of reach costs is pr inted , 

applying the cost adjustment factors to labor costs, equipment costs , 

and material costs to obtain total reach costs . Such a printout is also 

prepared for each reach and for each shaft . A "Tunnel Reach Cost Summa­

ry" is printed next , applying the Regional Cost Factor to the total , 

followed by a similar "Shaft Cost Summary ." The final output block re­

prints the project title and the profit and overhead margins , and then 

lists the project summary costs for labor , equipment , and materials , and 

the total costs . 
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Program Listing 

16 . A listing of program COSTUN is given below . 

~AINLINE PROGRAM ---------- COSTUN ---------------------------- 000020 0000 •••••••••••••••••••••••••••••********************************'**** 000030 a000 
DI~ENSION ARRAY <2630} 000040 a000 
CO"~N / BASIC/ NSS NTS 
CO"~ON /A/ LOLLI,PMtO",LIST < ~0},TITLE<160 ) ,5TABEC,ITVPE 000060 0000 
CO""ON/F/ IERHOR IS OP 000070 0000 
CO""ON/Q/ TUNLC,fUNEC,TUNMC,TUNTC 000075 0000 
------------------------------------------------------------------ eeeesa 9000 WHENEVER THE DIMENSION OF 'ARRAV ' IS CHANCED, THE UALUE OF r.M 000090 0000 
BELOU MUST ALSO BE CHANCED TO THAT OF THE NEW DIMENSION OF ' AR~AV ' 000100 0000 
~M•2630 000~10 0000 
------------------------------------------------------------------ 000120 0000 NSMAX•10 000130 0000 
NSSMAX•10 0001~0 a000 
NTRMAX•20 000150 0000 
NTSMAX•20 000160 0000 
NPMAX•NSSMAX+21NTSMAX 000170 0000 
J1 • STORAGE LOCATION IN ' ARRAV' OF FIRST ITEM IN 'A' ARRAV 000180 0000 
J2 • STORAGE LOCATION IN ' ARRAV ' OF FIRST ITEM IN ' 8 ' ARRAV 000190 0000 
J3 • STORAGE LOCATION IN ' ARRAV ' OF FIRST ITEM IN ' CNP' ARRAV 000200 0000 
J~ • STORAGE LOCATION IN ' ARRAY ' OF FIRST ITEM IN ' SHAFT ' ARRAV 000210 0000 
J5 • STORAGE LOCATION IN ' ARRAV ' OF FIRST ITEM IN ' TROATA ' ARRAY 000220 0000 
J6 • STORAGE LO~ATION IN ' ARRAY ' OF FIRST ITEM IN CUMSL 000230 0000 
Jl • 1 0002~0 0000 
THE NUMERICAL COEFF ICIENTS ON THE NEXT 5 LINES REPRESENT THE 000250 0000 
NUMBER OF ITEMS STORED IN THE A, 8, CHP, SHAFT, AND TRDATA 000260 0000 
ARRAYS, RESPECTIVELY 000270 0000 
J2 • J 1 + 68JNTSMAX 000280 0000 
J3 • J2 + ~3lNSSMAX 000290 0000 
J~ • J3 + 2lNPMAX 000300 0000 
JS • J~ + 23JNSMAX 000310 0000 
J6 • JS + 23aNTRMAX 000320 0000 
LI•5 000330 0000 
L0•6 0003~0 0000 
------------------------------------------------------------------ 000350 0000 THE MIMIMUM REQUIRED SIZE OF ' ARRAV' IS J6+ NPMAX-1 000360 0000 
OR 7~tMTSMAX+~6JNSSMAX+23tNSMAX+23iNTRMAX 000370 0000 
MINARR•7~1NTSMAX+~6tNSSMAX+23tNSMAX+23tNTRMAX 000380 0000 
IF CM~.tT.MINARR l GO TO 500 000390 0000 
------------------------------------------------------------------ 000~00 0000 10 IERROR•0 000~10 0000 
READ C LI,l~END•600 > TITLE,LIST,PM,OM,STABEG 000~20 0000 
WRITE Ct.O,c:> TITLE 000~30 0000 
URITE Ct.0,3 > PM,OM 000~~0 0000 
WRITE Ct.O.~) 000~50 0000 
CALL INPUT CARRAVCJ1),ARRAVCJa } ,ARRAVCJ3>,ARRAVCJ~l.ARRAVCJSl, 000~60 0000 

1NTSMAX6NSSMAX,NPMAX,NSMAX,NTRMAX> 000~65 
IF <IST P.EQ.ll QO TO 10 000~70 0000 

1~0 CALL SFTSET C ARRAV<J1 l ,ARRAV <J2l,ARRAVCJ3 l ,ARRAVCJ~ l ,ARRAVCJ5 l , 000~80 0000 
1NTSMAX,NSSMAX,NPMAX,NSMAX, NT RMAX> 000~85 
IFCISTOP.EQ.l ) GO TO 10 000~90 0000 
CALL LENGTH C ARRAV CJ 1 }, ARRAV C J2 l ,ARRAVC J3 } ,ARRAVCJ~ } ,ARRAVCJ5 ) , 000500 0000 

1 ARRAV CJ6 l ,NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAX ) 000510 0000 
------------------------------------------------------------------ 000529 0000 PRINT OUT INPUT DATA FOR TUNNELS 000530 0000 
INITIALIZE 0005~0 0000 
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c 
c 

c 
c 

c 

c 
c 

c 

c 

IPR•I 
NLINES• .. e 
DO S 1'1•1,NTS 
I•l'l 

COSTUN Listing (Continued) 

IT'I'PE•1 
S CALL INOUT CILARRAVCJ1),ARR~V<Ja>,ARRAVCJ3l,ARRAVCJ .. l,ARRAVC~Sl, 
1NLINES6 IPR,NTS~AX,NSSMAX,NPMAXLNSI'I~~.NTRM~Xl PRINT UT 1NPUT DATA ~OR SHAFT~ 

INITIALIZE 
IPS•0 
NLINES• .. S 
DO 6 M•1,NSS 
I•M 
ITVPE•2 

6 CALL INOUT Cl,ARRAVCJ1l ,ARRAV CJ2l,ARRAVCJ3l ,ARRAVCJ .. J,ARRAV\J5l, 
lNLINES,IPS,NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAX l 
------------------------------------------------------------------CALCULATE TUNNEL DIMENSIONS 
DO 7 M•1,NTS 
I•M 

7 CALL SIZESTCI, ARRAVCJ1l,ARRAYCJ2l,ARRAVCJ3l,ARRAVC~ .. l.ARRAV<J5 >, 
lNTSMAX,NSSMAX,NPMAXLNSMAX,NTRMAXl 

CALCULATE SHAFT DIMtNSIONS 
DO 8 M•1, NSS 
I•M 

000sse eee0 
e00sse ()000 

000580 0000 
0005;0 0000 
000600 000a 
000610 0000 
000620 0000 
000630 0000 
0006<40 0000 

000660 0000 
000670 0000 
000680 0000 
000sg0 0000 
000700 0000 

000720 0000 
000725 
000730 0000 

8 CALL SIZESSCI, ARRAVCJ1>,ARRAVCJ2>,ARRAYCJ3 J,ARRAYCJ"l,ARRAV \J5 l , 000750 0000 
lNTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAX l 000755 
------------------------------------------------------------------ eee1se eeee DETERMINE STABILITY NUMBER AND EXCAVATION METHOD FOR SG TUNNELS 000770 0000 
DO 20 M•1, NTS 
I•M 
IT'I'PE•1 
CALL STABILCI, ARRAV<J1l,ARRAV CJ2l,ARRAVCJ3 l,ARRAV<J .. l ,ARRAY CJ5 l , 

1NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAXl 
20 CONTINUE 

DETERMINE STABILITY NUMBER AND EXCAVATION METHOD ~OR SG SHAFTS 
DO 25 M•L NSS 
ITVPE•2 
I•M 

000790 0000 
000800 0000 
000805 
000810 0000 
000820 0000 

0008 .. 0 0000 

CALL STABit<I, ARRAVCJ1l,ARRAYCJ2l,ARRAYCJ3 l ,ARRAY< J .. l ,ARRAV(J5l, 000850 0000 
1NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAXl 000855 

25 CONTINUE 000860 0000 
------------------------------------------------------------------ 000879 0000 CALL REACHD <ARRAVCJ1J,ARRAYtJ2>,ARRAVCJ3l,ARRAYCJ~l,ARRAY<JSl, 000880 0000 

1HTSMAX NSSMAX,NPMAX,NSMAX,NTRMAXJ 000885 
CALL ADRATE CARRAVCJ1l,ARRAY<J2>,ARRAVCJ3l,ARRAY<J .. >,ARRAYCJSJ, 000890 0000 

1NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAXJ 0008S5 
CALL CONSTM C ARRAVCJ1 l, ARRAY<J2 > ,ARRAVCJJ l ,ARRAVCJ~l,ARRAV CJS > , 000900 0000 

lNTSMAX,NSSMAX,HPMAX,NSMAX,NTRMAXl 000905 
CALL PUMPHT CARRAV CJ 1 l ,ARRAY CJ2 l ,ARRAVCJ3 l ,ARRAV CJ .. l,ARRAVCJ5J, 000910 0000 

1NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAX> 000915 
CALL PUMPRT CARRAV<J1l,ARRAY<J2l ,ARRAV CJ3l,ARRAVCJ .. l,ARRAYCJS>, 000920 0000 

1NTSMAX NSSMAX,NPMAX,NSMAX,NTRMAX ) 000925 
CALL voLuME <ARRAv<J1>,ARRAv<J2>,ARRAv<JJ>,ARRAV<J~>.ARRAV<J5>, 000930 0000 

1NTSMAX,NSSMAX,NPMAX,NSMAX,NTRMAX l 000935 
CALL EXCUOL <ARRAY<J1l ,ARRAVCJ2J,ARRAVCJ3l,ARRAVCJ .. l ,ARRAV CJ5l, 000g~0 0000 

lNTSMAX NSSMAX,NPMAX,NSMAX,NTRMAX> 000g~5 
CAtL M6CKLD CARRAV CJ 1l ,ARRAV CJ2 J,ARRAYCJ3l,ARRAVCJ .. ),ARRAYCJ5l, 000950 0000 
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c 
c 
c 
c 

c 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c c 
c 
c 
c 
c c 
c 
c 

COSTUN Listing (Continued) 

1NTS~~ NSS~A~,NP"AX,NSMAX,NTR~AXl ~~e;55 
CALL AfALOK CARRAVCJ1l,ARRAVCJ2>,ARRAVIJ3l,ARRAVCJ~l,AARAviJS:, 000960 0000 

1 AAAAVCJ6 l,NTS~AX NSS"AX,NPMAX,NSMAX NTAMAX l 000w?0 3000 
CALL CALCS CARAAVCJ1l,ARRAVCJ2>,A,AAVCJJI,ARRAVCJ~l,AARA~CJSl, eeegs0 0000 
1NTS~AXLNSS"AX!NP"A~tNS"AX,NTRMAX ) 000985 
IF<IER~OR.EQ. > CO 0 10 300990 0000 
CALL COSTTU CARRAVCJ1 l ,AARAV CJ3l,ARAAV<J• >,ARAAV CJ5 l ,AARAVCJ 6 l , 001000 0000 

1NTS"AX NPMAX,NSMAX NTR~AX,NSSMAXI 001005 
CALL C6STSF CARkAVCJcl,ARRAVCJJl,ARRAV I J~l,ARRAV C JS I , 001010 0000 

1NSS"AXLNPMAX1 NSMAX,NTRMAX,NTSMAX I 001015 
CALL N~XSET I ~O.LI> 001020 0000 
GO TO 10 001030 0000 
------------------------------------------------------------------ ee10~e eeee DIMENSION OF 'ARRAV' ARRAY LESS THAN MINIMUM REQUIRED DIMENSION, 001050 0000 
EXECUTION TERMINATED 001060 0000 

See URITE<L0,9> MM,MlNARR 001070 0000 
------------------------------------------------------------------ 00!080 0900 1 FORMATC10C16A~1),40I1,1,3F10.0> 001090 0e00 

2 FORMATC1H1,10(1) ,15X,90C1Hl ) , I ,15~,1Hl,88X,1Hl, l, 001100 0000 
ll0<1SX,1Hl,l2X,16A4,12~, 1Ha,ll, 001110 0000 
2 1SX,1Hl,88X,1Hl,1,15X,9011Hl j) 001120 0000 

3 FORMATC///II ,~~X 32<1Hi l,1, 001130 0000 
1 ~~X,lHK,22H PRO~IT MARCIN .•• .•.. F7.2,2H l, / , 0011~0 0000 
2 ~4X,lHlL22H OUERHEAD MARGIN ... . . F?.2,2H l,l, 301150 0000 
3 ~4X,3~ 11Hl)) 091160 0000 

4 FORMAT C1H1) 901179 0000 
g FORMAT C1H1 , 1///1 ,1X,131C1Htl1127X,78Hllllt EXECUTION OF 'COSTUN' S 001180 0000 

1TOPPED BECAUSE OF ERROR IN MAINLINE PROGRAM JJJJl/122X · 001190 0000 
213HDIMENSION OF ,17,68H GIUEN FOR ' ARRAY ' IN MAINLINE PROGRA" IS L 001200 0000 
JESS THAN MINIMUM R£QUIRED1122X, 13HDIMENSION OF ,I7, 001210 0000 
~29H . All DATA DECKS ICNOR£D, II 1~,131 C 1Ha )) 001220 0000 
------------------------------------------------------------------ 901238 0000 600 CONTINUE 001240 0000 
STOP 0012~5 
END 001250 0000 
SUBROUTINE INPUTCA,B,CNP,SHAFT,TRDATA,NTSMAX,NSSMAX,NPMAX,NSMAX, 00126a 0000 

1NTRMAX l 001265 
----------------------------------------------------------------- 001270 9000 
------------------------------------------------------------------ 001280 0000 THE FOLLOUING DEFINES THE CONTENTS OF THE VAR IOUS ARRAYS 001290 0000 
------------------------------------------------------------------ ee1J00 eeee CNP CI,J > •••. NODAl POINT ARRAV Cl • NODAL POINT NUMBER> 001310 0000 

J • 1 STATIONING OF THE NODAL POINT 001320 0000 
<CALCULATED IN SUB LENCTHl 001330 0000 

• 2 ELEUATION OF THE NODAL POINT 0013~0 0000 
ACI,J> ••.... TUNNEL SEGMENT ARRAV <I • LOCATION OF SEGMENT IN 001350 0000 

' A' ARRAY, J • AS BELOWl 001360 0000 
ITEM J • 1 SEGMENT NUMBER • NTSEG 001370 0000 

2 NODAL POINT TO LEFT OF SEGMENT • NPL 001380 0000 
3 NODAL POINT TO RIGHT OF SEGMENT • NPR 001390 0000 
~ REACH NUMBER • NREACH 001~00 0000 
5 ROCK STRENGTH • RS OR JRS 001~10 0000 
6 R.Q.O. • RQD OR JRQD 001~20 0000 
7 EXCAUATION METHOD • MEX 001~30 0000 

C1•DRILL AND BLAST, 2•MOLE CROCK I, 001~~0 0000 
3•MOLE<SOILl ~·HAND,S•RIPPER 001~50 0000 
6•0PEN CUTCUERTICAL>, ? •OPEN CUT 001~60 0000 
CSLOPINC>> 001470 0000 
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COSTUN Lis ting (Cont i nued) 

c 8 ~E~D:HG ADVANCE RATE • A~ 001~se ee00 
c g GROUNDWATER I~FLOJ AT UOR<I~C FACE 001~90 0000 
c • INFLOU CR GI 001500 0000 
c 10 LINING TYPE • LINING 001510 0000 
c <0 OR BLANK•vNLINE0,1•CI? CONCRETE, 001520 0000 
c 2•SHOTCRETE,3•PRECAST CO~C~ETE BO~ l 001530 0000 
c 11 LINING THICKNESS • TL OR LT OR TSEG 001540 0000 
c 12 ROCK TE~PERArURE • RTEMP OR JRTEMP 001S50 0000 
c 13 SUPPRESSION OF FOR~UORK COST5•NOFOR~ 001560 0000 
c C0 OR BLANK•POSSIBLE COSTS,l•SUPPRESS 001570 0000 
c 1-4 GROUNDWATER ELEVATIO~ • ELWATR 001580 0000 
c 15 WATERTIGHT LINING REQUIREMENT • LINUT 001590 0000 
c C0 OR BLANK•NOE !•WATERTIGHT> 001600 0000 
c 16 TUNNEL SEGMENT TYP • NTSTYP 001610 0000 
c Cl•ROCK, 2•SOFT GROUND, 001620 0000 
c 3• CUT AND COVER> e0to30 0000 
c 17 SURFACE NODAL POINT TC LErT OF TUNNEL 0016~0 0000 
c SEGMENT • NPLS 001650 0000 
c 18 SURFACE NODAL POINT TO RIGHT OF 001660 0000 
c TUNNEL SEGMENT • NPRS 001670 0000 
c 19 EFFECTIVE GRAIN SIZE • D10 001680 0000 
c 20 ANGLE OF INTERNAL FRICTION • PHI 001690 0000 
c 21 SOIL COHESION • COHESN 001"00 0000 c 22 SOIL UNIT UEIGHT • GAMMA 001710 0000 c 23 DEWATERING ALLOUED • IUATER 001720 0000 c C0 OR BLANK•NO, 1•ALLOUED > 001"30 0000 c 2~ ELEVATION OF IMPERVIOUS LAVER • ELIMP 001740 0000 c 25 SOIL PERMEABILITY • PERM 001750 0000 c 26 SUPPORT TYPE • ISUPPT 001760 0000 c C1•CAST IRON SEGMENTS, 2•CONCRETE 001770 0000 c SEGMENTS 3•STEEL SEGMENTS, 001780 0000 c ~·STEEL RIBS U/LINING, S•SOLDIER 001790 0000 c PILE-LAGGING, 6•SLURRY WALL > 001800 0000 c 27 ELEVATION OF SOUND ROCK • ELROCK 001810 0000 c 28 OPEN CUT BRACING REQUIREMENT • IBRACE 001820 0000 c C0 OR BLANK•NONE, 1 •STRUTS 001830 0000 c 2•ANCHORS, 3•STRUTS+ANCHORS l 0018~0 0000 c 29 OPEN CUT DECKING REQUIREMENT • IDECK 001850 0000 c <0 OR BLANK•NO, 1•DECKING USED > 001960 0000 c 30 STABILITY NUMBER • STABNO 001870 0000 c 31 STABILIZATION METHOD • MSTAB 001880 0000 c <0 OR BLANK•NONE, 1•COMPRESSED 001890 0000 c AIR, 2•DEUATERINC, 3•GROUND INJ. l 001900 0000 c 32 USE OF STABILIZATION METHOD • MUST 001910 0000 c C1•COSTUN SELECT, 2•COSTUN SELECT 001920 0000 c ONLY IF COULD NOT BE EXCAVATEDf 001930 0000 c 3•USER SELECT ONLV IF COULD NO 0019~0 0000 c BE EXCAVATEDM ~·USER SELECTS,MUST 001950 0000 c USE,EUEN IF STAB•0l 001960 0000 c 33 AIR PRESSURE • AIRPR 0019?0 0000 c 3~ ACCEPTABLE INPUT STABit.METHOD• MSTAC 001980 0000 c C1•ACCEPTABLE,2•UNACCEPTABLE > 001990 0000 c 35 MA~ AIR QUANTITY FOR COMPRESSED AIR 002000 0000 c SETUP • CAVT 002010 0000 c 36 NODAL POINT OF AIR LOCK • NPLOCK 002020 0000 c 3? MAX HEAT E~CHANGE FOR COOLING PLANT 002030 0000 c SETUP • QT 0020~0 eee0 c 38 FOR ROCK OR SOFT GROUND ----- ee2e50 ee00 
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TRDATACI,J> • 

COSTUN Lis t i ng (Continued) 

44 
45 
46 
•7 
48 
4g 
50 
51 
52 
53 
54 
55 
56 
57 
58 

59 
60 
61 
62 
63 

OUANTITV 0~ HEAT EXC"ANCE I~ SE~ • Q 002060 0000 
FOR CUT AND COVER ----- 00c070 0000 
LENGTH OF SOLD. PILE ~/ tECK. • SPDLT 00a080 0000 

-- OR -- 002090 0000 
DEPTH OF SLURRY WALL • DStURV 002100 0C00 
CHAR. EXC. OIMENSION • BE 002110 0000 
CHAR. EXC. DIMENSION AT RQD•4~ • 8E40 002120 0000 
CHAR. EXC. DIMENSION AT RQD•60 • BE60 002130 0000 
CHAR. EXC. DIM. Y/OI • BOB 0021•0 0000 
FOR ROCK ----- 002150 0000 
CHAR. EXC. DIM. U/OB , RQ0•40 • 80B•0 002160 0000 
FOR CUT AND COVER ----- 002170 0000 
TOTAL BOX HEIGHT • TOTBOX 002180 0000 
CHAR. EXC. DIM. W/08 1 RQD•60 • 80860 0021i0 0000 
SEGMENT LENGTH • TSE~L 002200 0000 
MUCK HAUL DISTANCE • DM 002213 0000 
MUCK HAUL SLOPE • HSLOPE 002220 0003 
MUCK LOADING RATE IN SEGMENT • RML 002230 0000 
ULTIMATE ADVANCE RATE • ARTUtT 0022•0 0000 
CONSTR. TIME EXC. + LINING • CT:S 002250 0000 
EXCAVATED VOLUME • V 002260 0000 
TOTAL DEPTH OF TRENCH • DTRNCH 002270 0000 
CUT AND COVER SIDE CUT SLOPE • SIOESL 002280 0000 
VOLUME DISPLACED BV CONC. BOX • VBOX 002290 0000 
VOLUME OF CONCRETE IN BOX • VL 002300 0000 
AREA OF BOX FORMS • FORMAR 002310 0000 
PUMPING HEIGHT • PH 002320 0000 
LENGTH OF PIPE FOR PUMPING INFLOYS 002330 0000 

UPHILL • PIPL 0023•0 0000 
AVG PUMPING FLOU IN TUNNELS • FLOW 002350 0000 
RESIDUAL CROUNDUATER INFLOW • GIR 002360 0000 
PUMPING ~LOU, ONE DEEP UELL • FLOUL 002370 0000 
CHAR DEPTH OF SUPPORTS • WEB/ TPLATE 002380 0000 
FOR ROCK OR SOFT GROUND ----- 002390 0000 
SOIL LOAD • PSOIL 002•00 0000 
FOR CUT AND COVER ----- 002•10 0000 
UT/FT OF UALER • UTWALE 002•20 0000 

64 FOR ROCK OR SO~T GROUND ----- 002430 0000 
WATER LOAD • PUATER 002440 0000 
FOR CUT AND COVER ----- 002450 0000 
UT/FT OF STRUT • UTSTRT 002460 0000 

65 FOR ROCK OR SOFT GROUND ----- 002470 0000 
PSOIL+PWATER • PTOTAL 002•80 0000 
FOR CUT AND COVER ----- 002490 0000 
WT/FT OF ANCHORS • WTANCH 002500 0000 

66 UT/FT OF UNDECKED SOLD. PILE • UTSP 002510 0000 
67 UT/FT OF DECKED SOLD. PILE • WTSPD 002520 0000 
68 NUMBER OF WELLS • WELLS 002530 0000 

TUNNEL REACH DATA <I•REACH NUMBER> 002540 0000 
ITEM J • 1 EXIT SHA~T FOR REACH • NSHAFT 002550 0000 

2 TUNNEL SIZE • BF 002560 0000 
3 TUNNEL SHAPE • ISHAPE 002570 0000 

<0 OR BLANK•CUT AND COVER, 002580 0000 
1•CIRCLE, 2•HORSESHOE, 3•8ASKETHANOLE 002590 0000 

4 MUCK TRANSPORT METHOD • MTM 002600 0000 
C0 OR BLAMK•CUT AND COVER. 002610 0000 
1•TRUCK,2•COMUEVOR,3•RAIL, 002620 0000 
••TRUCK+CONVEVOR IN COMP. AIR > 002630 0000 
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COSTUN Listing (Continued) 

s 
6 

7 
8 

Sl 
10 

11 

12 

13 

1~ 

15 
16 

17 
18 
19 
20 
21 
22 

23 

SECMEMT SEOUE~CE ~UMBER AT U~ICH qEAC 0026~0 00~0 
E~CAVATION BEGINS • NRSEG1 a02650 0000 
NUMBER OF SEGMENTS I ~ REACH • NSEJS ~02660 0000 

- INDICATES REAC~ GOES ~ROM RT TO L 002670 0000 
+ INDICATES REACH GOES FRO~ ~F ~o R 00268e 0000 

PEA( REACH MUCK REMOVAL RATE \ CY/HRl 0026S0 0000 
WOR( HOURS PER DAY • HOURS 002710 0000 

• RMLMAX OR IPRML 002700 0000 
YORK DAVS PER WEE~ • DAYS 002720 0000 
FOR ROCK OR SOFT GROUND ----- 002730 0000 
NUMBER OF SHIElD SETUPS • SETUSM 0027~0 0000 
FOR CUT AND COVER ----- 002750 0000 
NUMBER OF UNITS IN BOX WIDTH • NBO~ 002760 0000 
FOR ROCK OR SOFT GROUND ----- 002770 0000 
NUMBER OF MOLE SETUPS • SETUPr 002780 0000 
FOR CUT AND COVER ----- 002790 0000 
TOTAL FINISHED BOX WIDTH • BFBWDT 002800 0000 
FOR ROCK OR SOFT GRO UND ----- 002810 0000 
NUMBER OF RIPPER SETUPS • SET~FR 002820 0000 
FOR CUT AND COVER ----- 002830 0000 
TOTAL FINISHED BOX HEIGHT • BFBHT 002840 0000 
DOUBLE BOX DESIGN • IBOX2 002850 0000 

<0 OR BLANK•NOL l•DOJBlE BOX > 002860 0000 
FOR ROCK OR SOFT GHOUND ----- 002870 0000 
TOTAL lENGTH IN COMPRESSED AIR • DTCA 002880 0000 
FOR CUT AND COVER ----- 002890 0000 
DEWATERING TIME • TIMED~ 002900 0000 
TOTAL LENGTH REQUIRING COOLING • DTC 002910 0000 
MA~ LENGTH OF CUT IN WHICH BACKFill 002920 0000 

CANNOT BE PLACED • OPEN 002930 0000 
TOTAL COST OF LABOR IN REACH • RCL 002940 0000 
TOTAL COST OF EQUIP.IN REACH • RCE 002950 0000 
TOTAL COST OF MATERIAL IN REACH • RCM 002960 0000 
TOTAL COST OF REACH • RCT 002970 0000 
MAX CC £XC VOL TO DISPOSAL • VDS 002980 0000 
VOLUME OF CC BACKFILL FRO~ CURRENT 002990 0000 

EXCAVATION • VBACEX 003000 0000 
VOLUME OF CC BACKFILL FROM PREVIOUS 003010 0000 

DISPOSAL • VBACDS 003020 0000 

SHAFT SEGMENT ARRAY CI • LOCATION CF SEGMENT IN 
' B' ARRAY, J • AS BElOY > 

003030 0000 
003040 0000 
003050 0000 
003060 0000 
003070 0000 
003080 0000 
003090 0000 
003100 0000 
003110 0000 
003120 0000 
003130 0000 
003140 0000 
003150 0000 
003160 0000 
003170 0000 
003180 0000 
0031510 0000 
003200 0000 
eeJ210 ee0e 

ITEM J• 1 SHAFT NUMBER • NSHAFT 
2 SHAFT SEGMENT NUMBER • NSSEG 
3 UPPER NODAL POINT OF SEG~ENT • NPT 
~ LOWER NODAL POINT OF SEGMENT • NPB 
S ROCK STRENGTH • RS OR JRS 
6 R.Q.D. • RQD OR JRQD 
7 EXCAVATION METHOD • MEX 

8 
Sl 

(0 OR BLANK•NOME, 1•DRitL AND 
BLASTL 2•MOLE <ROCK>, 3•~0LE < SOIL > 
~·HANU ) 

HEADING ADVANCE RATE • AR 
GROUNDWATER INFLOW • GI 

C0•DRY 1•WETl 
LINING TYPE • liNING 

~!s~~f~~~~E, 1J=~:Eg~~~R~6~cRETE 
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COSTUN Listing (Continued) 

11 
12 

13 
1~ 

15 

16 
17 
18 
19 
20 
21 

22 

23 
2~ 
25 

26 

27 
28 

29 
30 

31 

32 
33 
3~ 
35 
36 
37 
38 
39 
~0 
~1 
~2 
•3 

CUT AND COVER 90X l a03220 0000 
LINING T~ICKNESS • TL OR LT OR TSEG 003230 0000 
SUPPRESSION 0~ ~ORMWORK COSTS•~O~CRM 3032•~ 0000 
(0 OR BLANK•POSSIBtE COSTS,l•SJPPRESS 003250 0000 
GROUNDWATER ELEVATION • E~~ATR 003260 0000 
~ATERTIGHT LINING REQUIREMENT • LINUT 00327~ 0000 

<0 OR BLANK•~O, 1•wATERTIC~~ I 003280 0000 
SHAFT SEG~ENT TVP£ • NSSTVP 002290 0000 

<l•ROCK, 2•SO~T G~OUND, 003300 0000 
J•CUT AND COvER> 003310 0000 

EFFECTIVE GRAIN SIZE • D10 003320 0000 
SOIL COHESION • COHESN 003330 0000 
SOIL UNIT WEICHT • GAM~A 0033~0 0000 
ANGLE 0~ INTERNAL FRICTION • PHI 003350 0000 
ELEVATION 0~ IMPERVIOUS LAVER • ELIMP 003360 0000 
DEWATERING ALLOWED • !WATER 003370 0000 

<0 OR BLANK•NO, 1•ALLOWE~ > 003380 0000 
SUPPORT TVPE • IS~PPT 003390 0000 

<1•CAST IQON 003•a0 0000 
SEGMENTS, 2•CONCRETE SEGME~TS, 003~10 0000 
3•5TEEL SEGMENTS, 4•STEEL RIBS U/ 003.20 0000 
LINING, 5•0PEN CU7l 003~30 0000 

SOIL PERMEABILITY • PERM 003~•0 0000 
STABILITY NUM BER • STABNO 003•50 0000 
STABILIZATION METHOD • ~STAB 003.60 0000 

C0 OR BLANK•NONE, l• CO~PRESSEO 003~?0 0000 
AIR, 2•DEUATERING, 3•GROUND INJ. > 003~80 0000 

USE OF STABILIZATION METHOD • MUST 003~90 0000 
<l•COSTUN SELECT, 2•COSTUN SELECT 003500 0000 
ONLV IF COULD NOT BE EXCAVATEOt 003510 0000 
3•USER SELECT ONLV I~ COULD NO 003520 0000 
BE EXCAVATED, ••USER SELECTS,MUST 003530 0000 
USE~EVEN IF MSTAB•0 l 0035~0 0000 

AIR PRE~SUR£ • AIRPR 003550 0000 
ACCEPTABLE INPUT STABIL.METHOD• MSTAC 003560 0000 

Cl•ACCEPTABLE,2•UNACCEPTABLE l 003570 0000 
CHAR. EXC. DIMENSION • BE 003580 0000 
FOR ROCK ----- 003590 0000 
CHAR . EXC. DIMENSI ON AT RQD•40 • BE•0 003600 0000 
FOR SOFT GROUND ----- 003610 0000 
SOIL LOAD • PSOIL 003620 0000 
FOR ROCK ----- 003630 0000 
CHAR . EXC. DI~ENSION AT ROD•60 • BE60 0036~0 0000 
FOR SOFT GRO UND ----- 003650 0000 
PSOIL+PWATER • PTOTAL 003660 0000 
CHAR. EXC. DIM. U/08 • BOB 003670 0000 
CHAR. EXC. DIM. UI OB , ROD••0 • B0840 003680 0000 
CHAR. EXC. DIM. UIOB , RQD•60 • 80860 003690 0000 
SEGMENT LENTH • SSEGL 003700 0000 
HOISTING HEIGHT • HH OR SEGDEP 003710 0000 
MUCK LOADING RATE IN SEGMENT • RML 003720 0000 
EXCAVATED VOLUME • V 003730 0000 
UlTIMATE ADVANCE RATE • ARSULT 0037~0 0000 
CONSTR. TIME EXC. + LINING • CTSS 003750 0000 
CHAR. DEPTH OF SUPPORTS • UEB/ TPLATE 003760 0000 
PUMPING FLOU, ONE DEEP UE~l • FLOUL 003770 0000 
UATER LOAD • PUATER 003780 0000 

ee37ie 0000 
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COSTUN Listing (Continued) 

-- ------------------------------------------------
C SHAFTCI,Jl .• SHAFT INFOR~ATION <I •S~~FT NUMBER l e03800 0000 
C ITE~ J • 1 LOCATI ON I~ THE ' 8 ' ARRAY I~ UH!'M -H ee3810 e000 
C FIRST SHAFT SEGMENT CF S~A;- I IS 003820 0000 
C STORED • NSSEG1 003830 0000 
C 2 NODAL POINT AT TOP OF SHA~T • ~PTS 0038~0 0000 
C 3 NODAL POINT AT BOT!Or. OF SHAFT • NPBS 003850 0000 
C ~ NUMBER OF SEGMENTS Ih THIS SHAFT 003860 0000 
C • NSEGS 003870 0000 
C 5 DISTANCE TO THE DISPOSAL SITE • DDS 003880 0000 
C 6 COST OF DISPOSA~ SITE • CDS OR ICDS 003890 0000 
C 7 SHAFT SIZE • BF 003900 0000 
C 8 DEPTH OF SHAFT 003910 0000 
C 9 TOTAL VOLUME OF EXCAVATED MqTERIAt 003920 0000 
C 9 TOTAL VOLUME OF EXCAvATED Mq~ERIAL 003920 0000 
C TO BE TAKEN OUT THRU T~IS SHAFi 003930 0000 
C 10 PEAK MUCK REMOVAL RATE SMAFT <CY/HRl 003940 0000 
C • RMlMAX OR IPRML 003950 0000 
C 11 AVERAGE SUMMER ABOVE GROU ND AIR 003960 0000 
C TEMPERATURE AT TOP OF SHAFT • PIRTEM 003S70 0000 
C OR IARTEM 003980 0000 
C 12 COST FACTOR FOR lABOR • CFL 003990 0000 
C 13 COST FACTOR FOR EQUIPMENT • CFE 004000 0000 
C 14 COST FACTOR FOR MATERIALS • CF~ 00~010 00e0 
C 15 REGIONAL COST FACTOR • RCF 004020 0000 
C 16 SHAFT SHAPE • ISHAPS 004030 0000 
C <0 OR BLANK•DUMMV, ! •CIRCULAR, 004040 0000 
C 2•SOUARE l 00~050 0000 
C 17 WO RK HOURS PER DAY • HOURS 004060 0000 
C 18 WO RK DAYS PER UEEK • DAYS 004070 0000 
C 19 TOTAl COST OF LABOR IN SHAFT • SCt 004080 0000 
C 20 TOTAl COST OF EQUIP IN SHAFT • SCE 004090 0000 
C 21 TOTAL COST OF MATERIAl IN SHAFT • SCM 004100 0000 
C 22 TOTAl COST OF SHAFT • SCT 004110 0000 
C 23 PORTAlS • NPORT 004120 0000 
C <0•TRUE SHAFT,1•PORTAtl 004130 0000 
C liST<Il ....• ARRAY OF PRINTOUT OPTIONS 004140 0000 
C ITE~ I • 1 NODAl POINT ELEVATIONS 00~150 0000 
C 2 TUNNEL INPUT DATA 004160 0000 
C 3 SHAFT INPUT DATA 00~170 0000 
C ~ CALCULATED TUNNEl DATA 004180 0000 
C 5 CALCULATED SHAFT DATA 00~190 0000 
C 6 TUNNEl SEGMENT AND REACH COSTS 004200 0000 
C 7 SHAFT SEGMENT AND SHAFT COSTS 00~210 0000 
C 8 TUNNEL REACH COST SUMMARY 00~220 0000 
C 9 SHAFT COST SUMMARY 00~230 0000 
C 10-40 UNUSED AT PRESENT 00~240 0000 
CC If THE VAlUE OF LIST <I l IS ZERO OR BLANK, liSTING OF 004250 0000 

ITEM WILL OCCUR. IF UALUE IS ONE,LISTING Witt BE 00~260 0000 

C
C SUPPRESSED. ITEM NUMBER IS SAME AS DATA CARD COLUMN 0042?0 0000 

NUMBER. 00~280 0000 

C
c 004290 0000 

C 
00~300 0000 
00~310 0000 

c ------------------------------------------------------------------ ee~~ae e000 c 004330 0000 
C
0 

ltlllltllll INPUT TUNNEL SYSTEM LOCATIONS AND CHARACTERISTICS l 0043~0 0000 
00~350 0000 

c ------------------------------------------------------------------ ee~J&e eeee 
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c 

c c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 

c 
c 

c 
c 
c 
c 
c 
c c 

COSTUN Listing (Continued) 

------------------------------------------------------------------ aa•370 eeee CO""ON /BASIC/ NSS,NTS 00438e 0030 
COM"ON /A/ LOLLILPM~OMLLIST C ~0 1 ,TITLE < !60>,S.ABEQ,I~vPE 30~390 0900 
CO""ON /F/ IEMRO~,I~TO~ 03~~00 0000 
DIMENSION ACNTSMAX,68 > ,B<NSSMAX,~3 > ,CNF CNPM~X.2>,S~A~T < NSMAX,2~ > . 00~•10 0000 

1 TRDATA<NTR~AX,23 1 aG~-420 0000 
------------------------------------------------------------------ ee~•Je ee00 00H~0 0000 

00H50 0000 
ISTOP•e 00-4-460 0000 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 00-4470 0000 

IPR•0 
READ NODAL POINTS AND STORE IN CORE 

INITIALIZE NODAL POI~T ARRAY 
DO 15 I•l,NPMAX 

15 CNPCI,2> •-10 .E30 

N•NOOAL POINT NUMBER, Y•NOOAL POINT ELEVATION 
2e READCLI,1000l N,V 

CHECK FOR MISSING SEPARATOR CARD 
IF CV.LT.50000. l GO TO 21 
ISTOP • 1 
I.IRITE CL0,1500> 
CO TO 425 

21 CONTINUE 
CHECK FOR END OF NODAL POINT COORDINATES 
IFCN.E0.9999 1 GO TO 30 
IFCN.GT.NPMA~.OR.N.LE.e > GO TO 25 

CHECK FOR PREVIOUS DEFINITION OF T~IS NODAL POINT 
IFCCNP<H,2 l .GT.-10.E29 l ISTOP•l 
IFCCNP<N,2 l .GT.-10.E29 l URITE Cl0,1013 l N 
CNPCN,2>•Y 
GO TO 20 

25 I.IRITE <LO,l001 > N,NPMA~ 
ISTOP•1 
GO TO 20 
END OF NODAL POINT INPUT 

30 CONTINUE 

00-4480 0000 
004490 0000 
004500 0000 
00-4510 0000 
00-4520 0000 
00-4530 0000 
00~5~0 0000 
00<4550 0000 
00~560 0000 
00~570 0000 
00~580 000~ 
00<4590 0000 
004600 0000 
00~613 0000 
00~620 0000 
00~630 0000 
00~6410 0000 
00-4650 0000 
00~660 0000 
00 .. 670 0000 
00~680 0000 
00~690 0000 
00 .. 700 0000 
00<4710 0000 
00~720 0000 
004730 0000 
0047~0 0000 
004750 0000 
00H60 0000 
004770 0000 
004780 0000 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 004790 0000 

READ TUNNEL SEGMENT INFORMATION AND STORE 

INITIALIZE TUNNEL SEGMENT ARRAY 
DO 40 I•l,NTSMAX 

UUUUIU 

C 
40 ~~~ti~ti~~·~~~ REACH ARRAY 

004800 0000 
004810 0000 
004820 0000 
00-4830 0000 
004840 0000 
0041850 0000 
004860 0000 
004870 0000 
00 .. 880 0000 
0041890 0000 c 

c 

c 
c 

DO '11 I•1,NTRMAX 
'11 TRDATA<I,1 l •·10.E30 

I•SEGMENT SEQUENCE NUMBER 004900 0000 
I•0 004910 0000 

50 I•I+1 004920 0000 
------------------------------------------------------------------ 00~s3e eeee 0e"9"0 000e 
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CQSTUN Listing (Continued) 

ee•s•e eeet 
C CHECK FOR ~~X NU"IEA OF SEQ"ENT CAR~S !88~£65! !ee'ee' 

IF<I.LE.NTS"AX> GO TO 52 w ~- w • 

e --------,---------------------------------------------------------- ee4;7e '''' C CHECK FOR END OF TUNNEL SEQ~ENT DATA. NDU~•DU~"V SEC~ENT NUMIER 884VBI 8818 
51 R£~D<LI,lt2t > NDU" 184,i8 aeee 

IF<NDU~.EQ.SSV8> CO TO ?5 885811 tete 
WRITE CL0,1t1&> NTS"AX 185t11 8888 
ISTOP•t eeseae eeee 
CO TO 51 885838 8888 

c ------------------------------------------------------------------ eese•e eeee c ee5e5e eee8 
52 CONTINUE 885868 8888 

C READ SEC~ENT DATA FRO" CARD a85878 8888 
READ <LI,1885 > < A < l,J > ,J•~,J l ,A < I,45 > ,CACI,J >,J•4, 16 1 085088 8088 

c 
c 
c 

c 
c 

NTSEG•A <I 1> e0seg8 eee8 
NREACH•A <i.• > a851ae eee8 
NTSTVP•A CI,16 > 085118 8008 
------------------------------------------------------------------ ees12e eeee CHECK FOR LAST TUNNEL CARD 085138 8808 
IF<NTSEG.Ea.g;v;> co To 75 8851"8 eee0 
CHECK FOR MISSING SEPARATOR CARD 885158 0088 
IF<HTSTVP.NE . 8 > GO TO 53 885168 0088 
ISTOP • 1 885178 0008 
WRITE<t0,1581 > 885188 0888 

63 CONTINUE 885198 0eee 
------------------------------------------------------------------ ees2ee eeee CHECK FOR PROPER TUNNEL TVPE CODE 885218 0880 
IF<NTSTVP.GE . 1.AND . NTSTVP.LE.3 > CO TO 538 006228 8888 
ISTOP•1 885238 0880 
WRITE <L0£2881 > NTSEG, NREACH 8852~8 0080 co To 42~ ee5e58 0e8e 

53t CONTINUE 885268 0088 
c ------------------------------------------------------------------ ees21e eeee C READ SECOND SEG~ENT DATA CARD IF NOT ROCK TUNNEL 085288 8088 

IF CNTSTYP.GT.1 > READCLI.1816 > CACI,J >,J•17,33 > 885298 0888 c 
c ------------------------------------------------------------------ eesJee eeee CHECK FOR PREVIOUS USE OF REACH NUMIER 885318 8088 

IF CI.E0.1 > GO TO 535 885328 8008 
IF<NREACH.EQ.IPR > CO TO 54 885338 8888 
IF CTRDATACHREACHtl >.LT.-18.E2g > GO TO 535 8853"8 8808 
URITE CL0,1822> N SEG,NREACH 085350 8t88 
ISTOP•l 885368 8088 

535 TRDATACNREACH,1 1•8, 885378 8888 s• CONTINUE 885388 8888 
c ------------------------------------------------------------------ ees3;e eeee C CHECK THAT TUNNEL SEG"ENT CARDS HAVE BEEN PROPERLV ARRANGED 885488 8808 

IFCI.EQ . 1> GO TO 57 085418 8880 
66 IF CACI1 2>.£Q,AC1-1£3>> GO TO 57 885~28 8888 

~RIT£<~0.1115 > NTStG.NREACH 885438 8888 

6? ~~~~~NGt ::~::: :::: 
c ------------------------------------------------------------------ ees~se eee• C CHECK THAT ALL TUNNEL NODAL POINTS HAVE IEEN INPUT 885~?8 0888 

NPL•A CI,2 > t85•ae eeee 
NPR•A CI1.3> 88S•ve 8t88 
ELNPl•CNPCHPt,2 > 815688 8108 
ELNPR•CNP CHPR,2 > 886518 eeee 
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c 

c 
c 

c e 

COSTUN Li sting (Con t inued) 

EL~UQ•CELH~L+£LNPR)I2. 
IV'~S CHECK 'OR NOT~L INPUT ltSS2t ~ete 

~~" J,<EL"'L.~T.-lt.Eai.AND.ELNPR.QT.-1t.Eail CO TO S8 tes;Jt eaee 
WRITECLO.It31l NTSEG.HREACH te;s•t aeet 
IITOP•1 eessse eeee 

II COHTIHU£ 185561 eeet 
------------------------------------------------------------------ 185571 •••• CHECK 'OR PROPER EXCAVATION "ETHODS IN TUNNEL SEQ~ENTS 185581 eeee 

~J~~~~~&~~I.AND.~EM.LE.?l CO TO 6S ==~~== :::: 
ISTOP•1 105618 eeee 
URITECL0.1t3t>NTSEC.NREACH 005621 0880 

86 COHTIHUE 005630 ea80 
------------------------------------------------------------------ ees&~e eeee CHECK FOR PROPER EXCAVATION ~ETHOD FOR TUNNEL TVP£ SPECIFIED 805oS0 0ae0 
IF<NTSTVP.£Q.1.AND."£X.QT.2> CO TO 658 805668 0808 
IFCNTSTVP.EQ.2.AHD.~EM.LT.3.0R.NTSTVP.EQ.2,AHD.M£M.CT.Sl CO TO 650 805678 eae0 
IF<HTSTVP.EQ.3.AHD."EM.LT.6l CO TO 658 805680 8000 
co To 665 8t56i0 eeee 

651 ISTOP•s 80S?e0 0ee0 
URITECL0.288Sl NTSEG,HREACH 005?10 0000 

655 CONTINUE 805720 0800 
c · ------------------------------------------------------------------ ees131 eeee C CHECK FOR CONTRADICTION OF SPECIFVIHG A THICKNESS FOR NO LINING 00;1~0 8800 

c 
c c 

e c 

LINIHC•ACI.ltl 005750 8900 
IF<HTSTVP.NE.1.0R.LINING.NE.t> CO TO 67 005760 eeee 

I~~~[~t~~~ .•• 1) QO TO 67 ==~~·= :::: 
~RITE<t0.1t~S l NTSEQ.HREACH 805?g0 8080 
ISTOP•1 0e5aee e800 

67 CONTINUE 005810 0810 
----------------------------------------------------------------- eess2e eeee CHECK FOR PROPER LINING TVP£ CODE 005830 8800 
IVPASS CHECK FOR PROPER LINING CODE 
QO TO 71 
IFCLINIHG.QE.I.AHD.LIHINQ.LE.3 > GO TO 68 8158~0 0880 
~AITE C L0,1t~3> NTSEG.HREACH 015858 8810 
ISTOP•1 005861 0881 

61 CONTINUE 805878 0808 
------------------------------------------------------------------ eesaae eeee CHECK FOR PROPER LINING CODE FOR TUNNEL TVPE SPECIFIED 0158i0 eeee 
IF<NTSTVP.LT.3.AHD.LINING.HE.3.0R.HTSTVP.EQ.3.AND.LINING.EQ.1.0R. 815gee 0808 

1NTSTVP.EQ.3,AND.LINIHG.EQ.3 l GO TO 78 eesgse 0108 
1STOP•1 ee592e eeee 
WRITE<L0.2818 l NTSEG.NREACH ees;31 0888 

c ------------------------------------------------------------------ ees;~e eeee C CHECK FOR ADUANCE RATE HOT SPECIFIED ee5;Se 1888 

c 
c 

7e ~R·A<I a> ees;s0 0001 
IFCAR.fQ.0.tl QO TO 71 teS;?e 1808 
------------------------------------------------------------------ ees~ae eeee CHECK FOR ADVANCE RATE LESS THAN t FT/DAV 1e5;ge 8118 
IF<AR.QT.t.ll GO TO 71 116101 8818 
ISTOP•1 816118 tetl 
~RITE<L0,116S > NTSEQ,NREACH ll&tae ltlt 

c ------------------------------------------------------------------ 116131 •••• C CHECK FOR ROCK STRENQTH CRE~TER THAN Sit PSI 816141 tilt 
11 ~s·~<I.&) ee6tse teee 
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COSTUN Listing (Continued) 

IFCRS.LT.& .... AHD.NTSTVP,£0.1> ~RITECL0,1e&t > NTSEQ,HREACH ea&060 1000 
c ------------------------------------------------------------------ eese1e ~~ee C CHECK FOR P~OPER UATERTIQHT CODE 086080 te00 

LIH~T·~<I 1&> e8s0g0 8000 
IF<LIHWT.fo.t.OR.LIHUT.EQ.1 l QO TO ?18 086100 aee0 
ISTOP•l 186110 0100 
WRITECL0,2elS) HTSEC,HREACH 186120 1018 

71e CONTINUE 086130 0800 
c ------------------------------------------------------------------ eest~e eeee C ALL CUT ~ND COVER lOX SEG"ENTS ARE DESIGNED AS UATERTIGHT - 186151 1800 
C IHPUT IGNORED 186168 eeee 

IFCHTSTVP.EQ.3.AHD.LIHUT.£0.8) URITE <L0,2t17 > NTSEQ,HREACH 006170 8100 
c ------------------------------------------------------------------ ees1ae eeee C A LINING OR SUPPORT ~UST IE SPECIFIED UHEN UATERTIGHTNESS REQUIRED 0861g0 8800 

~~~r~~U~~f6~=~0R.LINING.GT.8 > GO TO 711 ==~~r= :::: 
IFCHTSTVP.GT.1.AND.ISUPPT.LE.3> GO TO 711 006220 8000 
ISTOP•1 006230 0000 
~RIT£<L0,2820 l NTSEG,NAEACH 0062~0 8000 

c ------------------------------------------------------------------ ea&25e eeee C CHEC( IF GROUNDWATER ELEVATION NOT INPUT AND WATERTIGHT RE~UIRED 086260 8000 
711 EL~ATR•ACI 1~ ) 0a6270 8000 

IF<liNUT,£6.1.AND.ELUATA.EQ.8. > WRITE <L0,2825 l NTSEG,NREAC~ 006280 0008 
c ------------------------------------------------------------------ 0es2;0 eeee C CHECK IF TUNNEL TYPE NOT ROCK AND GROUNDWATER ELEV. NOT SPECIFIED 086300 0000 

IF<NTSTVP.GT.1.AND.ELUATR.EQ.8 > URITE <L0,2825l NTSEG,HREACH 886318 0088 
c ------------------------------------------------------------------ ee&Jae eeee C CHECK FOR PROPER TUNNEL CODE IF ROO IS LESS THAN 25. 886338 0088 

ROD•A<I,S l 8863~8 0008 
IF<NTSTVP.QT.1.0R.ROD.QE.25.)G0 TO ?12 806358 0088 
ISTOP•1 086360 8808 
URITECL0,2t38) NTSEG,NREACH 8863?8 0008 

712 CONTINUE 886388 8008 
c ------------------------------------------------------------------ ees39e eeee C IS TUNNEL IN SOFT GROUND AND RQD GREATER THAN 25. 886408 0008 

IFCNTSTVP.EQ.2.AND.RQD,QT.2S. > WRITE <L0,2035> NTSEG,HREACH 886418 8008 
c ------------------------------------------------------------------ eeS42e eeee C CHECK FOR RQD BETUEEN 8 AND 100. 806430 8808 

IFCROD.GE.t.e.AND.AOD.LE.18t. > GO TO 713 0064~0 8808 
WRITECL0,1162 l NTSEQ,NREACH 006450 8800 
ISTOP•1 006460 e8ee 

c ------------------------------------------------------------------ ee&~7e eeee C CHECK RE"AINING DATA IF TUNNEL IS NOT IN ROCK 806480 8800 
713 IF CHTSTVP.E0.1> QO TO 74 ees~g0 0888 

c ------------------------------------------------------------------ eessee eeee C CHECK THAT TUNNEL SURFACE NODAl POINTS HAVE BEEN PROPERLY ARRAN~ED 806518 eeee 
IF<I.EQ.1 l GO TO 7138 886528 0888 

C CHECK FOR PREVIOUS SEG~EHT IN ROCK 106530 8888 
NSTVPE•Ati-1,16> 886548 0188 
IFCNSTVPE.EQ.l > ~0 TO 7138 816558 0818 
MPLS•AC1,17> 816568 eeet 
NPRS•Ati-1,18 > 186578 1811 
IF<NPLS.EQ.NPRS> GO TO 7138 886588 ee8e 
ISTOP•l 8166~8 eeee 
URITE C L0,2e~t> NTSEQ,MREACH 816681 1181 

c ------------------------------------------------------------------ 81&111 •••• 7l3e HPLS•AC1,17> 8t662e 8118 
N~RS•A<I,ll> 8t6631 8811 
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COSTUN Lis t ing (Continued) 

EL~PLS•CNP<NPLS,I ) 8166~8 eaee 
EL~PRS•CNP<NPRS i > 886658 eeee 
CHECK TH~T ALL tuN~EL SURrAC£ NODAL POINTS ~AVE 8£EN INPUT 886668 8888 
IF<ELNPLS.GT.•1t.E28.AHD.ELNPRS.CT.-18.E28> 00 TO 71~ 8166~8 0008 
ISTOP•l 886698 0088 
~RITE<LO,It~5> NTSEO,NAE~CH 806680 8088 

11~ CONTINUE 886788 eee8 

c 

c ------------------------------------------------------------------ ee&718 eeee C CHECK THAT SURFACE NODAL POINT ELEVATIONS ARE AIOUE TUNNEL ELEU. 186?28 8088 
IFCELNPLS.QE.ELNPL . AND.ELNPRS.QE.ELNPR > CO TO 715 886738 eeee 
ISTOP•1 8867~1 eeee 
WRITE CL0,286t > NTSEC,NREACH 816758 0888 

c ------------------------------------------------------------------ ee&?&e eeee C CHECK Ir EFFECTI VE GRAIN SIZE IS INPUT 806778 eeee 
71

' ¥~,o~i~~t~~ , oo TO 716 ~=~~s~ :::: 
ISTOP•t e868ee 0e08 
~RITE C t0,2855 > NTSEO,HREACH 806818 0008 

c ------------------------------------------------------------------ eesa2e eeee C CHECK THAT PHI AND/ OR COHESION ARE SPECiriED 886838 0088 
716 PHI•Ac I,2e> 8868~8 0008 

Y~~~~~:~~~'~S~.COHESN.QT.0 > 00 TO 7160 ==~=~= :::: 
ISTOP•1 886878 0088 
URITE <L0,2068 > NTSEQ,HREACH 886888 0000 

716t CONTINUE 8068g8 a080 
c ------------------------------------------------------------------ eesvee eeee C CHECK rOR POSSIJLE ERROR IN PER"EABILITV INPUT 806918 0880 

c 
c 

PER"•A<I 25 > 806920 0080 
IF < PER~.GT.18 ) WRITE<L0,2061 l NTSEG,NREACH 806930 0080 
------------------------------------------------------------------ ee&s4e eeee CHECK IF PHI GREATER THAN ~5 - UARNINCL OR GREATER THAN 180 -ERROR 806950 0880 
IF < PHI.GT.~5. ) WR1TECL0,2062 l NTSEC,HR~ACH 886g68 0880 
IFCPHI.tT.188. > 00 TO 7165 006978 0088 
ISTOP•1 8065188 0080 
URITE CL0,2863 > NTSEQ,NREACH 8065198 0080 

c ------------------------------------------------------------------ ee7eee eeee C CHECK IF GA"~A GREATER THAN 2ee 887018 0080 
7166 QA"~A•ACI 22 > 807028 0080 

IF COAM"A.(E.208. > CO TO 717 007038 8008 
ISTOP•l &870~0 e0ee 
WRITE C L0*286~ ) HTSEO,NREACH 887058 0088 

c ------------------------------------------------------------------ ee?ese eeee C CHECK FOR PROPER DE~ATERIHC CODE 087078 eeee 
717 ~~~I~=T~~~ta7,.oR.I~ATER.EQ . 1 > oo TO 7178 ==~=~= :::: 

ISTOP•1 887108 8088 
WRITE<L0,286S ) NTSEG* NREACH 087110 8000 

c ------------------------------------------------------------------ ee1121 eeee C CHECK IF IMPERUIOUS LAVER IS A REQUIRED INPUT 087130 8088 
717t IFCHTSTVP.EQ.3> GO TO 718 8871~0 8888 

c 
c 

MSTAJ•ACIL31> 887158 8880 
MUST•ACI ~a l 087168 8808 
IF<MUST.6E.3.AHD.MSTAI.HE.2 l GO TO 7185 807171 0tt8 
Ir <IWATER.EQ.8.0R.PER".LT.18.E-18.AND.D1t.tE.t.I8.0A.PER".QT. 887188 88tt 

11t.E·1t.AHD.PER".LE.8.1tt6 > 00 TO 7186 187188 8881 
------------------------------------------------------------------ 111211 •• ,. CHECK IF DEWATERINQ ALLOWED AND I~EAVIOUS LAYER HOT SPECIFIED 887218 8888 
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C OR l"PERV!OUS LAYER "OT SPEC!~IED FOR CUT A"D COVER 00?220 eaee 
111 ELl"P•A(l 2~> ee1230 eee0 

lFCELI"P.fo.t.t> URITECL0,2870> NTSEG,HREACH 0a72~0 8800 
e ------------------------------------------------------------------ ee1ese eeee C CHECK IF I"'ERUIOUS LAYER ELEVATION IS IELOY SuRFACE ELEVAiiON 00?260 8800 

ELIURF•(EL"'LS+ELNPRS >/2, 087270 0800 
JF(Eli~P.LE.ELSURF> QO TO 7188 00728t 1000 
ISTOP•t 001a;0 eeee 
WRIT£(L0,2172> NTSEQ,HREACH 007388 8880 

7111 CONTINUE 007310 8t00 
c ------------------------------------------------------------------ ea132e eeee C CHECK IF OPEN CUT IS ENTIRELY IN ROCK 007330 8800 

ELROCK•A CI 27 > 007340 8800 
JF(NTSTYP.to.3.AND.ELROCK . EQ.ELSUR~> GO TO 7185 007350 0000 

c ------------------------------------------------------------------ ee13se eeee C CHECK IF IMPERVIOUS LAYER IS AT THE SURFACE AND GRAIN SIZE I~PUT 007370 0800 
C DOES NOT INDICATE A CLAY. 007380 0000 

IF<ELIMP.LT.ELSURF.OR.D18.lE.0.885l GO TO 7185 0073i0 8800 
ISTOP•1 00?~00 8000 
URITECL0,2873> HTSEG,NREACH 00?410 8800 

7185 CONTINUE 00?420 8800 
c ------------------------------------------------------------------ ee743e eeee IF<~E~.EQ,7 > GO TO 7265 007•40 eeee 
C CHECK FOR PROPER SUPPORT CODE 007450 8600 

IF<ISUPPT.GE.1.AND.ISUPPT.tE.6 l GO TO 71i 007460 eeee 
• ISTOP•1 0e1•?0 e000 

URITE <L0,2875> NTSEG,NREACH 007480 eeee 
71i CONTI~UE 0074i0 8eee 

c ------------------------------------------------------------------ ee1see eeee C CHECK FOR PROPER SUPPORT CODE FOR TUNNEL TYPE SPECIFIED 007510 6008 
IF<NTSTVP.EQ,2.AND.ISUPPT.LE.4.0R.HTSTVP.EQ.3.AND.ISUPPT.GT.4 l 087520 8008 

tGO To 728 087530 0e0e 
ISTOP•t 0e15~0 0000 
URITE <L0,288t> NTSEG,HREACH 007550 8808 

721 CONTINUE 087560 8000 
e ------------------------------------------------------------------ ee1s7e eeee C CHECK FOR PROPER LINING CODE FOR SUPPORT TYPE SPECIFIED 007580 8800 

I~<ISUPPT.LE.3.AND.tiNIHG.EQ.0) GO TO 7205 0875i0 8800 
IF<ISUPPT.GT.3.AND.tiNIHG.EQ.8 ) GO TO 7200 007680 eee0 
I~CISUPPT.EQ ••• AND.LINING.NE.3> CO TO 7205 007618 8880 
I~<ISUPPT.GT.4.AND.LINIHG.NE.2 > GO TO 7205 807620 8880 

7211 ISTOP•1 00?630 0880 
URITE CL0,2085 > NTSEG.NREACH 80?6~0 1880 

c ------------------------------------------------------------------ ee7sst eeee C CHECK IF SOFT GROUND TUNNEL 00?668 0086 
7215 IFCNTSTYP,£0,2> GO TO ?25 887678 0880 

c ------------------------------------------------------------------ ee?sae eeee C CHECK FOR ROCK ELEU, IF TUNNEL IN CUT AND COVER 6076i8 0eee 
IFCELROCK.EQ.t.e> URITE<L0,26i6> NTSEG,NREACH 807788 0886 

c ------------------------------------------------------------------ tt7?te aeee C CHECK IF ROCK ELEVATION IS BELOW GROUND SURFACE ELEVATION 867?28 eeee 
I~<ELROCK.lE.EtSURF l GO TO 7210 867731 eeee 
ISTOP•1 8677~0 tltt 
WRITECL0,2182> NTSEG,NAEACH 867?58 eeee 

7i1t CONTINUE et7?6t teet 
c ------------------------------------------------------------------ 1817?8 •••• C CHECK IF 10~ DEPTH IS GREATER THAN 111 FEET 887781 ttlt 

DTUN•ELSURF·ELAVG 117751 ttlt 
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III'CDTUN.QT .111. l IJIUTECL0.21~<4 > NTSE~.NAEACH 817881 taU 
e ------------------------------------------------------------------ ee?a:e •••• C CHECK FO~ PROPER IRACINQ CODE 817828 8881 

~·,~~~~!6f!~.AND . IIRACE.LE.3 > QO TO 723 ::~:1: :::: 
ISTott•1 117168 eeee 
YRITECL0.2185> NTSEQ.NAEACH 817868 eeee 

713 CONTIHUE 8178?8 8881 
c ------------------------------------------------------------------ 117881 •••• C CHECK IF CUT AND COUER CUERTICAL > AND IRAClNG CODE NOT SPECI~IED 1178~8 8818 

DROCK•ELSURF-ELROCK 817~18 eeee 
IFCIIRACE.QT.I.OR.~E~.NE.& . OR.DROCK.LT.t.1 > GO TO 724 817818 8888 
ISTOP•1 887828 8888 
~RITECL0.211t > NTSEC.NREACH 887gJ8 8888 

c ------------------------------------------------------------------ ee?g~e eeee C CHECK FOR PROPER DECKING CODE 887gse 8888 
724 ~~~¥~£~~!t~~~.OR.IDECK.EQ . 1 > QO TO 74 ::~~~: :::: 

ISTOP•1 ee7g88 eeee 
~RITECL0.218S l NTSEG.NREACH ee7gge eaee oo To 74 eeae8e 0888 

c ------------------------------------------------------------------ eese1e eeee C · CHECK FOR HIGH STABILTV NU~IER - ~AV RESULT THAT JOB UNEXCAUATABLE 888828 8880 
725 STAINO•A<I 38 > 8888Je 8t8e 

IFCSTAINO.(E.g.AHD.PHI.LT.28.0R.STAINO.LE.7.AND.PHI.GE.ag > 808848 8888 
1 Go To 7258 888858 ee88 
ISTOP•t 888168 8888 
~RITE C L0,2115 l NTSEC,NREACH 888870 8888 

e -----------------------------------------------------·------------ eeseae eeee C CHECK FOR PROPER STAIILIZATIOH ~ETHOD CODE 8t88i8 8888 
7251 ~~r~:;:~~6~~~.AND . "STAI.LE.3 > QO TO 726 :::~t: :::: 

ISTOP•1 118128 eeee 
~RITE C L0,2128 > NTSEG,NREACH 888138 8818 

c ------------------------------------------------------------------ ees14e eeee C CHECK FOR PROPER USE CODE FOR STAIILIZATION METHOD 888158 8888 
72

' v~~~U=~~6~~~.AND.~UST.LE.<4 l GO TO 727 ==~~~= :::: 
ISTOP•1 888188 tete 
WRITECL0.212S l NTSEG.NREACH 8881g8 8888 

c ------------------------------------------------------------------ eeaaee eeee C CHECK FOR AIR PRESSURE INPUT IF STABILITY MUMJER INPUT AND 888218 8888 
C AIR PRESSURE STAIILIZATION INPUT 888228 8881 

727 AIRPR•ACI.33 > 888238 1888 
IF<STAINO.QT.t.8.AHO."STAJ.EQ.t.AND.AIRPR.EQ.8.t l CO TO 727t 8882<48 8888 
co To 121 8t82St eeee 

7871 ISTOP•1 888268 teet 
WRITE <L0.2138 > NTSEC,NREACH 888278 8888 

728 CONTINUE 888288 1818 
c ----------------J------------------------------------------------- eeaa;e •••• C CHECK FOR USE CODE •4 WHEN STAIILITV NUMBER IS SPECIFIED 888388 1118 

IF<STAINO.EQ.8.t.OR."UST.EQ.~ ) QO TO 728 818318 8881 
ISTOP•1 888321 etee 
WRITECL0.213& l NTSEC.NREACH 881338 8881 

71!8 CONTINUE 188341 8et8 
e ------------------------------------------------------------------ eea3SI •••• C CHECK IF STAIILIZATION "ETHOD HOT CO~PRESSED AIR JUT AIRPR GT 8 IM8

1
13

3
67t
1 

8
1
1 ... 18 

IFC~STAI.EQ.1.0R.AIRPR.EQ.t. > QO TO 12;1 
ISTOP·1 · . - eeejae eeee 

(Continued) 

A35 



COSTUN Listing (Continued) 

URITE Ct0,2137 l NTSEG,NREAC~ 00839~ 00~0 
72i8 CONTINUE 008~03 0000 

c -------------------------------------·---------------------------- ees~~a eeee C C~ECK IF STABILIZATION METHOD AGREES WITH USE =ODE 008~23 0003 
IFCMSTAJ.GE.0.AND.MUST.EQ.~.OR . MSTAB.QT.0.AND.MUST.EQ.3.0R. 008~30 0003 
l~STAI.EQ.~.AND.MUST . LT.3 > CO TO 730 008~~0 0000 
ISTOP•1 008~50 0000 
URITECL0,21~0 l NTSEC,NREACH 008~60 0000 

730 CONTINUE 008~?0 0000 
c ------------------------------------------------------------------ eea~s0 eeee C CHECK IF STABILIZATION METHOD IS INPUT 008~90 0000 

IFCMSTAI.EO.e > CO TO 7• 008500 0000 
c ------------------------------------------------------------------ 008510 0000 C CHECK IF STABILIZATION METHOD IS ACCEPTABLE 008520 0000 

CO TO C731,732,733 l , MSTAB 008530 ~000 
c ------------------------------------------------------------------ 008540 0000 C AIR PRESSURE -- CHECK IF SOit IS A GRAVEL 008550 0000 

731 IF CPERM . LT.10. E-10.AND.D10.CT.2. J GO TO 73~ 008560 0000 
IF CPERM.GT.0.• > GO TO 73~ 008570 0000 

C CHECK IF SOI L IS CLAV 008580 0000 
IF C010. LE.0.00SJ GO TO 737 008590 0000 

C CHECK IF TUNNEL ABOVE GROUND WATER TABLE 008600 0000 
IF CELWATR.LT.ELAVG> GO TO 737 008610 ~000 

C CHECK IF WATER HEAD LESS THAN 115 FEET 008620 ~000 
IF CELUATR-EtAUG.LE.ttS. l GO TO 737 008630 0000 
GO TO 73• 0086~0 0000 

c --------------------------------------------------------- --------- 008650 0000 C DEWATERING -- CHECK IF DEWATERING IS ALLOWED 008660 0000 
732 IF CIUATER.EQ.0 l GO TO 73~ 008670 0000 

IF C010 . LE.0 . 00S J GO TO 73~ 008680 0000 
C CHECK IF TUNNEL IS ABOVE GROUND WATER TABLE 008690 0000 

IF CELUATR . LT. ELAUGl GO TO 73~ 008700 0000 
C CHECK IF SOI L IS FINE SAND OR COARSER OR IS REASONABLY PER"EABLE 008710 0000 

IF CPERM.LT.10 .E-10 . ANO.D10.GT.0.08 > GO TO 737 008720 0000 
IF CPERM.GT .0.0006 l GO TO 737 008730 0000 
GO TO 73~ 0087~0 0000 

c - - ---------------------------------------------------------------- 008750 0000 C GROUND INJECTI ONS -- CHECK IF SOIL IS NOT CLAY 00876e 0000 
733 IF CD10.GT.0.005 J GO TO 737 008770 0000 

c ------- - ----------------------------- - ---------------------------- 008780 0000 C STABILIZATION METHOD IS NOT ACCEPTABLE 008790 0000 
73~ MSTAC•2 008800 0000 

C CHECK IF USE CODE EQUALS • 008810 0000 
IF < MUST . EQ.~ l CO TO 735 008820 0000 
URITE !LOL21~5 > NTSEG,NREACH 008830 0000 
GO TO 73~ 0088~0 0000 

735 ISTOP•l 008850 0000 
URITE C LOL21~7 l NTSEG,NREACH 008860 0000 
GO TO 73~ 008870 0000 

c ------------------------------------------------------------------ 008880 0000 C STABILIZATION METHOD IS ACCEPTABLE 008890 0000 
737 MSTAC•l 008900 0000 
738 A C I,J~ J •MSTAC 008910 0000 
7~ IPR•NREACH 008920 0000 

c ------- - ------------------------------------------ ----------- ----- 008930 0000 CO TO 50 008940 0000 
C END OF TUNNEL SEG~ENT DATA 008950 0000 

75 CONTINUE 008960 0000 
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c 
c 
c 
c c 
c 
c 

c 
c 
c 

c 

c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

COSTUN Lis t ing (Continued) 

~38970 0000 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 008980 0000 
NTS•I-1 308990 0000 
••••••••••••*****************••••••••••••••••••••••••••••••••••••• aa9000 0000 aa;010 a000 
READ REACH DATA FOR TUNNELS 03S020 0000 

INITIALIZE REACH ARRAV 
DO B~ I•l,NTR"AX 

8t TRDATACI,1>•-10.E30 

309030 0000 
339040 0000 
009050 0000 
00~060 0000 
009070 0000 

------------------------------------------------------------------ ee;ese ee00 READ REACH DATA rROM CARD 009090 0000 
81 READ CliL1020> MREACHLNSHArT,BFT,ISHAPE,MTM,HOURS,DAY$,NBOX, 009100 0000 

1BrBUOT,B~BHT,IBOX2,IS~PCK 309110 0000 
IrCNREACH.EQ.9999> CO TO 86 009120 0000 
CHECK FOR MISSING SEPARATOR CARD 009130 0000 
Ir<ISEPCK.£0.0> GO TO 82 009140 0e00 
ISTOP • 1 309150 0000 
URIT£ Cl0,1502) 0091o0 0000 
GO TO 425 009170 0000 

82 CONTINUE 009180 0000 
Ir<NREACH.LE.NTRMAX.AND.NREACH.GT.0 l GO TO 84 009190 0000 
URITECL0,1021l NREACH,NTRMAX 009200 0000 
ISTOP•1 009210 0000 
GO TO 81 009223 0000 

84 CONTINUE 009230 0000 
------------------------------------------------------------------ 009240 0000 CHECK FOR FINISHED DIMENSION BETWEEN 10 AND 40 rEET 009250 0000 
I> <ISHAPE.GT.0.AND.BFT.LT.10 .. 0R.ISHAPE.CT.0.ANO.BFT.CT.40.> 009260 0000 

1URITECL0,1064 l NREACH 009270 0000 
------------------------------------------------------------------ 009280 0000 CHECK IF TUNNEl SIZE INPUT AGREES UI TH SHAPE CODE 009290 0000 
IF<BFT.E0.0.AND.ISHAPE.EQ.0.0R.BFT.GT.0.ANO.ISHAPE.GT.0 l GO TO 840 009300 0000 
ISTOP•l 009310 0000 
Ir CISHAPE.CT.0> URITE Cl0,2150 l NREACH 009320 0000 
IFCISHAPE.E0.0> URITECL0,2151l NREACH 009330 0000 

8~0 CONTINUE 0093~0 0000 
------------------------------------------------------------------ 009350 0000 CHECK FOR PREVIOUS USE Or REACH NU"BER 009360 0000 
IrCTRDATA CNREACH,ll.LT.-10 .E29> GO TO 85 009370 0000 
URITE<l0,1026> NREACH 009380 0000 
ISTOP•l 009390 0000 

85 CONTINUE 009~00 0000 
----------------------------------------------------------------- 009410 0000 CHECK FOR PROPER MUCK TRANSPORT METHOD CODE 009420 0000 
IF<MTM.CE.0.ANO.MTM.LE.4 > CO TO 850 009430 0000 
WRITE CL0,1041) NREACH 0094~0 0000 
ISTOP•l 009450 0000 

850 CONTINUE 009460 0000 
----------------------------------------------------------------- 009~70 eeee CHECK FOR PROPER TUNNEL SHAPE CODE 009480 0000 
IFCISHAPE.GE.0.AND.ISHAPE.LE.3l GO TO 851 009490 0000 
URITE<l0,10•2> HREACH 009500 0000 
ISTOP•l 009510 0000 

851 CONTINUE 009520 0000 
------------------------------------------------------------------ 00~530 0900 CHECK IF SHAPE CODE AGREES UITH MUCK TRANSPORT METHOD 009540 0000 
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IFCISHAPE.GT.t.AND.~TM.GT.0.0R.ISHAPE.EQ.0.AND.MTM.EQ.~ l 00 Tv 852 00~550 0000 
ISTOP•l 009560 ~000 
IFCISHAPE.EQ.0l WAITE<L0,2152 > NREACH 00~57~ 0000 
IFCISHAPE.GT.0l WRITE<L0,21S3l NREACH eeg580 0000 

852 CONTINUE e0g530 0000 
------------------------------------------------------------------ eBgeee eeee CHECK IF UORK HOURS PER DAV IN PROPER RANGE 009610 0000 
IF<HOURS.GE.0 •• AND.HOURS.LE.2~. l GO TO 853 e0~620 0000 
ISTOP•1 00g6J0 0000 
URITECL0,215S l NREACH 0096~0 0000 

853 CONTINUE 009650 0000 
c ------------------------------------------------------------------ 009669 eeee C CHECK Ir WORK DAVS PER UEEK IN PROPER RANOE 009670 0000 

IF<DAYS.GE.~ .• AND.DAYS.LE.7 •• 0R.DAVS.EQ.0.l GO TO 85~ 00~68e 0000 
ISTOP•l 00~690 00a0 
WRITE Ct0,2160> NREACH 009700 0000 

85~ CONTINUE 009710 0000 
C IS THIS AN UNDERGROUND HEADING RATHER THAN CUT AND COVER 009730 0000 

c 
c 

IFCISHAPE.GT.0 l GO TO 858 0097~0 0000 
------------------------------------------------------------------ 009750 0000 CHECK FOR INPUT VALUES FOR BOX UIDTH AND HEIGHT 009760 000e 
IFCBFBWDT.CT.0.0.A~D.BFBHT.GT.0.0l GO TO 855 009770 0000 
ISTOP•1 009780 0000 
WR ITE CL0,2165) NREACH 009790 0000 

SSS CONTINUE 009800 000e 
c ------------------------------------------------------------------ 009810 0090 C CHECK IF TOTAL CLEAR BOX WIDTH EXCEEDS ~0 FEET 009820 0000 

c 
c 
c 
c 

IF C BFBWDT.GT.~0. > WRITE<L0, 2170) NREACH 009830 0000 
------------------------------------------------------------------ 0098~0 0000 CHECK TYPE OF BOX SECTION 009850 0000 
IFCIBOX2.EQ.ll GO TO 857 009860 0000 
------------------------------------------------------------------ 009870 0000 SINGLE LEVEL BOX -- CHECK IF NUMBER OF BOX UNITS IS SPECI~IED 009880 0000 
IFCNBO~.CT.0 l CO TO 856 009890 0000 
ISTOP•1 009900 0000 
WRITE<L0,2175 l NREACH 009910 0000 

856 CONTINUE 009920 0000 
c ------------------------------------------------------------------ 0099j0 0000 C CHECK IF BOX HEIGHT IS GREATER THAN 20 FEET 0099~0 0000 

IFCBFBHT.GT.20. > WR ITE CL0,2180 l NRE~CH 00~950 0000 

c 
c 
c 

GO TO 858 009960 0000 
------------------------------------------------------------------ 009970 0000 DOUBLE LEVEL BOX -- TUO UNITS HIGH AND TWO UNITS WIDE 009980 0000 
CHECK IF TOTAL CLEAR BOX HEIGHT EXCEEDS ~0 rEET 009990 0000 

857 Ir C BFBHT.GT.~0. l WRITE<t0,2185 ) NREACH 010000 0000 
858 CONTINUE 010010 0000 

c ------------------------------------------------------------------ 010020 0000 TRDATA<NREACH,l l •NSHAFT 010030 0000 
TRDATA CNREACH,2 l •BrT 0100~0 0000 
TRDATA CNREACH,J l • ISHAPE 010050 0000 
TRDAT~ C NREACH,~l•MTM 010060 0000 
TRDATA CNREACH,S l •HOURS 010070 0000 
TRDATA <NREACH,9l•DAYS 010080 0000 
TRDATA CNREACH,10l•NBOX 010090 0000 
TRDATA CNREACH,11 l •BFBWDT 010100 0000 
TRDATACNREACH,12l•BF8HT 010110 0000 
TRDATACNREACH,13l•IBOX2 010120 0000 
co TO 81 e10130 0000 
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c ------------------------------------------------------------------ 01a~4e ~e~e C END OF REACH INPUT 010150 0300 
86 CONTINUE ~4016e ~000 

c ---------------------------------------------------------·------- a1e11e eeee C CHECK REACH AND SEGMENT INrOR~ATION FOR COMPATABil!iV 010180 0~00 
c ------------------------------------------------------------------ a1e1ge eeee 

~2E=~H!A~t~!~ :i:~~= :::: 
~+~~ep~~~t!~s l :~:~3: :::: 
MEX•A<I 7l 0102~0 e0e0 
BrT•TRDATA <NREACH 2 l a40250 0000 
ISHAPE•TRDATA CNREACH,3> 310260 0000 
~TM•TRDATACNREACH,~ l 010270 0000 
ISUPPT•A CI 1 26> 0!0280 0000 
~STAB•ACI 1 Jl) 010290 0000 
~UST•ACI,J2l 310300 0000 
NPL•ACI,2 > 0~0310 ee00 
NPR•ACI,3 l 0!032a 0000 
ELNPL•CNP<NPL,2 l 010330 0000 
ELNPR•CNP CNPR 2l 0i0340 0000 
ELAVG•CELNPL+ElNPR l/2, 010350 0000 
ELWATR•A <I ,l~ l 010360 0000 
ELIMP•A <l,24l 310370 0000 

C IF THE TUNNEL SEGMENT IS MOLED, ITS SHAPE MUST BE CIRCULAR 010380 e000 
IrCMEX.NE.2.AND .MEX.NE.3 l GO TO 860 010390 0000 
IFCISHAPE .E0.1> GO TO 860 010~00 0000 
YRITE < L0,10~0 l NTSEG,NREACH 010~10 0000 
ISTOP•l 010~20 0000 

860 CONTINUE 010430 0000 
c ------------------------------------------------------------------ 010~~0 0000 C CHECK FOR CUT AND COVER OR ROCK TUNNEL 010450 0000 

IF CNTSTVP.NE.2 l GO TO 865 010~60 0000 
c ------------------------------------------------------------------ 010470 0000 C CHECK IF !~PERVIOUS LAVER IS A REQUIRED INPUT 010480 0000 

IFCMUST.CE.3.AND.~STAB.NE.2> GO TO 861 010~90 0000 
IUATER•A<I,23 l 010500 0000 
D10•ACI 1g 1 010510 0000 
PERM•A<i,2S l 010520 0000 
IFCIUATER.EQ.0.0R.PER~.LT.10.E-10.AND.D10.LE.0.08. 0R.PER~.GT . 010530 0000 

110.E-10.AND.PERM.t£.0,0006 > CO TO 861 0105~0 0000 
C CHECK IF IMPERVIOUS LAVER IS ABOVE TUNNEL WHEN DEWATERING MAV 010550 0000 
C BE USED AS A STABILIZATION METHOD 010560 0000 

IF CELI MP.LT .ELAVG+BFT/ 2, l GO TO 861 010570 0000 
URITE<L0,2190 l NTSEG,NREACH 010580 0000 
A<lt24 >•ELAVG-BFT/ 2, 010590 0000 

861 CON INUE 010600 0000 
c ------------------------------------------------------------------ 010610 0000 C CHECK IF TRUCK TRANSPORT IS SPECIFIED AND COMPRESSED AIR REQUIRED 010620 0000 

IFCMTM,NE.l.OR.MSTAB.GT.1.0R.MSTAB.EQ.0.0R.MUST.LT.~ l GO TO 863 010630 0000 
ISTOP•l 010640 0000 
URITE<L0,2195 l NTSEG,NREACH 010650 0000 

863 CONTINUE 010660 0000 
c ------------------------------------------------------------------ etee?e eeee C CAST IRON TUNNEL SUPPORT - CIRCULAR TUNNELS ONLV 010680 0000 

IFCISUPPT,QT.1.0R.ISHAPE.EQ.1 ) GO TO 865 010690 0000 
ISTOP•1 010700 0000 
URITECL0,2200 l NTSEG,NREACH 010710 00ee 
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865 CONTINUE 
c ------------------------------------------------------------------c CHECK Ir S~APE CODE AGREES WIT~ 7UN~EL TvPE 

IFCNTSTVP.LT.3.AND.ISHAPE.uT.0> GO TC 867 
IFCNTSTVP.EQ.3.AND.ISHAPE.EQ.0) GO TO 86~ 
ISTOP•1 
IrCNTSTVP.LT.3> URITECL0,2201l NTSEG,NREACH 
IF<NTSTVP.EQ.3 ) URITE<L0,2202 l NTSEG,NREACH 

c ------------------------------------------------------------------c C~ECK FOR CUT AND COUER EXCAVATION 
867 IFCNTSTVP.N£,3> GO TO 87 

8FIHT•TRDATACNREACH,13 ) 
c ------------------------------------------------------------------c CHECK IF SOUND ROCK LINE IS ABOVE BASE 0~ T~E~CH AhD ROD IS LESS 
C THAN 50 

RQD•ACI,Sl 
ELROCK•A<I 271 
IFCRQD.GE.S0 .• 0R.ELROCK.LT.ELAUG-BFBHT~2. > GO TO 869 
IFC~QD.GE.25. l URITECLOL22~3> NTSEG,N~EACH 
IF<RQD.GE.25. > GO TO 86~ 
ISTOP•1 
URITE<L0,220~ > NTSEG,NREACH 

869 CONTINUE 
c ------------------------------------------------------------------c CHECK FOR WATER TABLE ABOVE BASE OF TRENCH AND ABOVE IMPERVIOUS 
C LAVER FOR SLOPING CUT EXCAVATION -- IUATER MUST EQUAL 1 

IF CMEX.NE.7 l GO TO 87 
IUATER•A CI,23 > 
IF <IUATER.EQ.1 ) GO TO 87 
IF CELUATR.LT.ELAUG-BFBHT/ 2 •• 0R.ELUATR.LE.ELIMP > GO TO 87 
ISTOP•l 
URITE<L0,2205 > NTSEG.NREACH 

c ------------------------------------------------------------------
c c 
c 
c 
c 
c 

c 

c 
c 
c 
c 
c 

87 CONTINUE 

*********************************'*********'********************** 
READ SHAFT SEGMENT DATA JJttttlttlJtllJJlltllllJltttl 

INITIALIZE S~AFT SEGMENT ARRAY 
DO 88 I•l,NSSMAX 

88 B<I,l>•-10.E30 
INITIALIZE THE SHAFT ARRAY 
DO 89 I•l,NSMAX 

89 SHAFTCI,l >•-10.E30 
IPS•0 
1•0 

90 I•I+1 

------------------------------------------------------------------CHECK FOR MAX NUMBER OF SHAFT SEGMENTS 
IF <I.LE.NSSMAX > GO TO 95 
------------------------------------------------------------------CHECK FOR END OF SHAFT SEGMENT DATA. NDUM•OUMM¥ SEGMENT NUMBER 

91 READ < LI,1~20 > NDUM 
Ir<NDUM.EQ.gggg) GO TO 130 
URITECL0,1e17l NSSMAX 
ISTOP•l 
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010120 aee0 
010730 0000 
010740 0000 
010750 0000 
010760 000~ 
0107?0 000~ 
010790 0000 
0101;a 0000 
e108ae 000a 
010810 0000 
010820 0000 
010830 0000 
010840 0000 
010850 0000 
010860 0000 
010865 0000 
010870 0000 
010880 0000 
010890 0000 
010900 0000 
010;10 0000 
010ne 0000 
010930 0000 
010940 0000 
010950 0000 
010960 0000 
0109i0 0000 
010980 000e 
010990 0000 
011000 0000 
011010 0000 
011020 0000 
011030 0000 
011040 0000 
011050 0000 
011060 0000 
011070 0000 
011080 0000 
011090 0000 
011100 0000 
0111!0 0000 
011120 0000 
011130 0000 
011140 0000 
011150 0000 
011160 0000 
0111 ?0 0000 
011180 0000 
011190 0000 
011200 0000 
011210 0000 
011220 0000 
011230 0000 
011240 0000 
011250 0000 
e11260 0000 
011270 0000 
011280 0000 



COSTUN Listing (Continued) 

C 
GO TO IH a: ~290 0000 

a:1300 0000 
c ------------------------------------------------------------------ e11J1e eee0 C READ SHAFT SEC~EMT DATA FROM CARD 0'1320 0000 

c 
c 

95 READ<LI,10t7> <B<I,J>,J•1,15 l ei133a 0000 
NSHAFT• CIL1> 0113~0 0000 
NSSEC•BC I.e:> 311350 0000 
MSSTVP•I<I,15> 011360 0000 
------------------------------------------------------------------ 011370 0000 CHECK FOR LAST SHAFT CARD 011380 0000 
IF<MSHAFT.EQ.9999 > CO TO 130 911390 0900 
IFCMSHAFT.LE.NSMA~.AND.NSHAFT.GT.0> GO TO 109 911400 0000 
URITECL0,103~> NSHAFT,NSSEC,NSMA~ 011410 0000 
ISTOP•1 011~20 0000 

100 CONTINUE 011~30 0000 
c ------------------------------------------------------------------ 611•~0 0000 C CHECK FOR MISSING SEPARATOR CARD 011450 0000 

c 
c 

c 
c 
c 
c 

c 
c 

IFCNSSTVP.NE.e > GO TO 101 011~60 0000 
ISTOP•1 011~?0 0000 
URITE<L0,1503> 011•80 0000 

101 CONTINUE 011~90 0000 
------------------------------------------------------------------ 011500 0000 CHECK FOR PROPER SHAFT TYPE CODE 011510 0000 
IFCNSSTVP.GE.1.AND .NSSTYP.LE.3> CO TO 102 011520 0000 
ISTOP•1 011530 0000 
URITE<L0,2207> NSSEC,NSHAFT 0115~0 0000 
GO TO ~25 011550 0000 

102 CONTINUE 011560 0000 
------------------------------------------------------------------ 011570 0000 READ SECOND SEGMENT DATA CARD IF NOT ROCK TUNNEL 011580 0000 
IF <NSSTVP.GT.l > READCLI,1008> <BCI,J>, J •16,27 > 011590 0000 
------------------------------------------------------------------ 011600 0000 CHECK FOR PREVIOUS USE OF SHAFT NU~BER 011610 0000 
IF CI.EQ.1 ) GO TO 105 011620 0000 
IF CNSHA~T.EQ.IPS > GO TO 106 011630 0000 
lF CSHA~T CNSHAFT,1 >. tT.-10.E29 > GO TO 105 0116~6 0000 
URITE(L0,1023> NSSEG,NSHAFT 011650 6000 
ISTOP•1 011660 0000 

105 SHAFT <NSHAFT,1 l •0 . 011670 0000 
106 CONTINUE 011680 0000 

------------------------------------------------------------------ 011690 0000 CHECK THAT SHArT SEGMENT CARDS HAUE BEEN PROPERLY ARRANGED 011700 0000 
IrCI.EQ.1 > GO TO 108 011710 0000 
IF <IPS.NE.NSHAFT ) GO TO 108 011720 0000 
IFC8(1 1 3 > .EO.B <I-1.~l> CO TO 108 011730 0000 
URITE C ~0,1115 > NSSEG,NSHAFT 0117~0 0000 
ISTOP•l 011750 0000 

108 CONTINUE 011760 0000 
------------------------------------------------------------------ 011110 ee00 CHECK THAT ALL SHAFT NODAL POINTS HAVE BEEN INPUT 011780 0000 
NPT•B<I,3 > 011790 0000 
NPB•BCI,~ l 011800 0000 
ELNPT•CNP(NPT,2> 011810 0000 
ELNPB•CNPCNPB,2 l 011820 0000 
IF<ELNPT.GT.-10.E29.ANO.ELNPB.CT.-10.E29> GO TO 110 :t~~!: :::: 
~~t6~~i0,1131 l NSSEC,NSHAFT 011850 0000 

110 CONTINUE 011860 0000 
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c ----------------------------------------------------------------- 0119'0 0000 C CHECK ~OR SHA~T BEING A PORTAl. I~ SO,RECCRD THIS FACT 0118a0 0e00 
NPORT•t e11s;e 0000 
IFCNPT.EQ.NPB> NPORT•1 011;ae 0000 
SHA~TCNSHAFT,a3>•NPORT 011910 0000 

C I~ SHA~T IS A PORTAL ,SKIP THE FOLLOWING INPUT CHECKS 011920 0000 
I~CNPT.EQ.NPB > GO TO 128 011930 0000 

c ------------------------------------------------------------------ e11i~0 eeae C CHECK ~OR PROPER EXCAVATION ~ETHOD 011950 00a0 
"EX•B<I 7 > 011960 0000 
IFC"EX.6E.t.AND."EX.LE.4 > GO TO 112 011970 0000 
ISTOP•1 011980 0000 
URITECLO,l029l NSSEG,NSHA~T 011990 0000 

112 CONTINUE 012000 0000 
c ------------------------------------------------------------------ 01ce1e eeee C CHECK ~OR DUMMY SHAFT AND BYPASS ~URTHER CHECKS 012020 0000 

LININC•B<I.10 l 012030 0000 
RS•B <I 5 > 012040 0000 
RQD•B cf,6 l 012050 0~00 
IFCNSSTYP.EQ.1.AND.RS.lE.0 •. ANO.RQD.LE.0. 012060 0000 

1 .AND.MEX.EQ.0.AND.liNING.EQ.0 l GO TO 129 012070 0000 
113 CONTINUE 01=080 0000 

c ------------------------------------------------------------------ 012090 0000 C CHECK FOR PROPER EXCAVATION METHOD FOR SHAFT TYPE SPECIFIED 012100 0000 
IF <NSSTVP.EQ.1.ANO.MEX.LT.l.OR.NSSTVP.EQ.l.AND.MEX.GT.2 > GO TO 114 012110 0000 
IFCNSSTVP.EQ.2.AND."EX.LT.3l GO TO 114 012120 0000 
IFCNSSTVP.EQ.3.AND.MEX.GT.0 i GO TO 114 012130 0000 
Go TO 115 012140 0000 

114 ISTOP•1 012150 0000 
URITECL0,2210> NSSEG,NSHAFT 012160 0000 

c ------------------------------------------------------------------ 012170 0000 C CHECK FOR ADVANCE RATE NOT SPECIFIED 012180 0000 
115 ~~~~~:£~~0.0 > GO TO 120 :l~~~= =~:~ 

c ------------------------------------------------------------------ 012210 0000 C CHECK ~OR ADVANCE RATE LESS THAN 0 FT/DAY 012220 0000 
IF<AR.GT.0.0 l GO TO 120 012230 0000 
ISTOP•1 012240 0000 
URITECL0,1075l NSSEG,NSHAFT 012250 0000 

c ------------------------------------------------------------------ 012260 0000 C CHECK FOR ROCK STRENGTH GREATER THAN 500 PSI 012270 0000 
120 CONTINUE 012280 0000 

I~ C RS.LT.500 .. AND.NSSTVP.EQ.1 ) URITECL0,1070l NSSEG, NSHAFT 012290 0000 
c ------------------------------------------------------------------ 012309 0009 C CHECK FOR PROPER SHAFT CODE IF RQD IS lESS THAN 25 . 012310 0000 

IFCNSSTVP.GT.1.0R.RQD.GE.25. > GO TO 122 012320 0000 
ISTOP•l 012330 0000 
URITE<L0,2212) NSSEG,NSHAFT 012340 0000 

122 CONTINUE 012350 0000 
c ------------------------------------------------------------------ 012360 0000 C IS SHA~T IN SOFT GROUND AND RQO GREATER THAN 25. 012370 0000 

IF<NSSTVP.EQ.2.AND.RQO.QT.25. > URITE<L0,2215l NSSEG,NSHAFT 012380 0000 
c ------------------------------------------------------------------ 912398 eeee C CHECK FOR RQO BETUEEN 0 AND 100. 012400 0000 

IFCRQD.CE.0.0.AND.RQD.LE.100. > GO TO 126 012410 0000 
URITE<L0,1072l NSSEG,NSHAFT 012420 0000 

12s a~~~iMOE =~~!~: :::: 
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c ------------------------------------------------------------------ 012•se aoee C C~ECK FOR CONTRADICTION OF SPECIFVI~G A T~ICK~ESS FOR NC :IN!~G 012460 0000 
LININQ•I<I,10> 012~70 a000 
IF<LININQ.NE.0.0R.NSSTYP.NE.1 l GO TO 127 012~20 eeee 
TL•I<I 1 11> 0124g0 0000 
IF<TL.~E.e.0t1> CO TO 127 012500 0000 
WRITE<LO,te~&> NSSEG,HSHAFT 012510 00e0 
ISTOP•1 0!2520 00e0 

127 CONTINUE 012530 0000 
c ----------------------------------------------------------------- 0125~0 9000 C CHECK FOR PROPER LINING TYPE CODE 012550 0000 

IF<LININC.GE.0.AND.LININC.LE.3> GO TO 1270 012560 0000 
YRITECL0,10~8 ) NSSEG,NSHAFT 012570 0000 
ISTOP•1 012580 0000 

1270 CONTINUE 0125ga 0000 
c ----------------------------------------------------------------- 012600 0000 C CHECK FOR PROPER LINING CODE FOR SHAFT TYPE SPECIFIED 012610 0000 

IF<HSSTYP.LT.3.AND.LINING.NE.3.0R.NSSTYP.E0.3.AND.LI~ING.E0.3 J 012620 0000 
lGO TO 1272 012630 0000 

ISTOP•1 012640 0000 
URITECL0,2220> NSSEG,NSHAFT 012650 0000 

c ------------------------------------------------------------------ 012660 0000 C CHECK FOR PROPER WATERTIGHT CODE 012670 0000 
1272 LINUT•B<I 1~1 012680 0000 

IF<LINYT.t0.0.0R.LINUT.EQ.1 l GO TO 127~ 012690 0000 
ISTOP•1 012700 0000 
WRITECL0,2225 l NSSEG,NSHAFT 012710 00~0 

127~ CONTINUE 012720 0000 
c ------------------------------------------------------------------ 012730 0000 C ALL CUT AND COVER BOX SEGMENTS ARE DESIGNED AS WATERTIGHT - 01:740 0000 
C INPUT IGNORED 012750 0000 

IF<NSSTVP.EQ.3.ANO.LINUT.EQ.0 l URITE CL0,2227 > NSSEC,NSHAFT 012760 0000 
c ------------------------------------------------------------------ 012770 0000 C A LINING OR SUPPORT MUST BE SPECIFIED WHEN WATERTIGHTNESS REQUIRED 012780 0000 

ISUPPT•B <I 22l 012790 0000 
IF <LINUT.EQ.0.0R.LINIHG.GT.0 J GO TO 1276 012800 0000 
IF CNSSTYP.QT.1.AHD.ISUPPT.LE.3 > CO TO 1276 012810 0000 
ISTOP•l 012820 0000 
URITE<L0,2230 > HSSEG,NSHAFT 012830 0000 

c ------------------------------------------------------------------ 0!28~0 0000 C CHECK IF GROUNDWATER ELEVATION NOT INPUT AND WATERTIGHT REQUIRED 012850 0000 
1276 ELWATR•B <l,13 > 012860 0000 

IF <LINWT.EO.l.AND.ELUATR.EQ.0l URITE <L0,2235 J NSSEC,NSHAFT 012870 0000 
c --------------------------------------------------------- --------- 012880 0000 C C~ECK IF SHAFT NOT IN ROCK AND GROUNDWATER ELEV NOT SPECIFIED 0128g0 0000 

IFCNSSTVP.GT.l.AND.ELUATR.EQ.0 > URITE CL0,2235 ) NSSEC,NSHAFT 012900 0000 
c ------------------------------------------------------------------ 012g10 0000 C CHECK IF GROUND WATER ELEVATION IS IN MIDDLE OF SHArT SEGMENT 012920 0000 

IFCELUATR.GE.ELNPT.OR.ELUATR.LE.ELNPB l CO TO 1277 012930 0000 
ISTOP•1 0129~0 0000 
URITE<L0,22~0) NSSEG,NSHAFT 012950 0000 

c ------------------------------------------------------------------ 012960 0000 C CHECK REMAINING DATA IF SHAFT IS NOT IN ROCK 012970 0000 
1277 1FCNSSTVP.E0.1 > GO TO 128 012gs0 0000 

c ------------------------------------------------------------------ 01agge eeee C CHECK IF EFFECTIVE GRAIN SIZE IS INPUT 013000 0000 
Dli•ICI 16> 013010 0000 
IF<D10.6T.0> GO TO 1278 013020 0000 
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lSTOP•l 013030 G000 
URITECL0,22~S> NSSEG,NSHAFT 0130~0 0000 

g cHEcK-THAT-PHI-;No;o;-coH£sioN-;;£-sp£c!Fi£o---------------------- ~i~~~= :::: 
1278 PHI•ICIL1g) 0133~0 0000 

COHESN•B<I 17 > 013aS0 0000 
IF<PHI.GT.6 •. 0R.COHESN.GT.0. l GO TO 1279 013a90 0000 
ISTOP•1 013~00 0000 
WRITE<L0,22S0> NSSEG,NSHAFT 013!!0 0000 

127g CONTINUE 013120 0000 
c ------------------------------------------------------------------ 013139 0009 C CHECK FOR POSSIBLE ERROR IN PERMEABILITY INPUT 013l~0 0000 

PERM•B<I,23> 0131Se 0000 
IF<PER~.GT.10. l WRITE <L0,2251l NSSEG,NS~AFT 013l6e 0000 

c ------------------------------------------------------------------ 013170 0000 C CHECK IF PHI GREATER THAN ~5 - WARNING, OR GREATER THAN 100 -ERROR 013!8e 0000 
IFCPHI.GT .• S. l WRITE<LOL2252> NSSEG,NSHAFT 013190 0000 
IF<PHI.LT.100. > GO TO 1c80 013200 0030 
ISTOP•1 01321e 0000 
WRITE<t0,2253l NSSEG,NSHAFT 013220 0000 

c ------------------------------------------------------------------ 013230 00e0 C CHECK IF GAMMA GREATER THAN 200. 0132~0 0000 
1280 GAMMA•BCI,18 ) 013250 0000 

IFCGAMMA.LE.200. l GO TO 1281 013260 ~000 
ISTOP•1 013270 0000 
WRITE<L0,225~> NSSEG,NSHAFT 013280 0000 

c ------------------------------------------------------------------ 013290 0000 C CHECK FOR PROPER DEWATERING CODE 013300 0000 
1281 IUATER•B<I,21 > 013310 00e0 

IF <IWATER.EQ.0.0R.IWATER.EQ.1 ) CO TO 1282 013320 0000 
ISTOP•1 013330 0000 
WRITECL0,2255 > NSSEC,NSHAFT 013340 0000 

c ------------------------------------------------------------------ 013350 0000 C CHECK IF IMPERVIOUS LAVER IS A REQUIRED INPUT 013360 0000 
1282 MSTAB•B CI,25> 013370 0000 

MUST•BCI,26> 013380 0000 
IFCMUST.CE.3.AND.MSTA8.NE.2> CO TO 128• 013390 0000 
IF<IUATER.EQ.0.0R.PERM.LT.10.E-10.AND.D10.LE.0.08.0R.PERM.CT. 013.00 0000 

110.E-10.AND.PERM.LE.0.0006l GO TO 128~ 013410 0000 
c ------------------------------------------------------------------ 013.20 0000 C DEWATERING IS ALLOUED. CHECK IF IMPERVIOUS LAVER IS NOT 013.30 0000 
C SPECIFIED OR IF THE IMPERVIOUS LAVER IS ABOVE BASE OF SEGMENT. 0134~0 0000 

ELIMP•BCI 20 > 013~50 0000 
IF<ELIMP.EQ.0.0> UR1TE <L0,2260 l NSSEC,NSHAFT 013~60 0000 
IF<ELIMP.LE.ELNPB l GO TO 128• 013.70 0000 
ISTOP•1 013.80 0000 
URITECL0,2262 l NSSEG,NSHAFT 013.90 0000 

128~ CONTINUE 013500 0000 
c ------------------------------------------------------------------ 013510 0000 C CHECK FOR PROPER SUPPORT CODE 013520 0000 

lFCISUPPT.CE.t.AND . ISUPPT.LE.Sl GO TO 1285 013530 0000 
ISTOP•1 0135~0 0000 
WRITECL0,2265l NSSEC,NSHAFT 013550 0000 

1285 CONTINUE 013560 0000 
c ------------------------------------------------------------------ 013570 0000 C CHECK FOR PROPER SUPPORT CODE FOR SHAFT TVPE SPECIFIED 013580 0000 

1F<NSST¥P.E0.2.AND.ISUPPT.CT.0.0R.NSSTYP.EQ.3.AND.ISUPPT.EQ.5> 013590 0000 
1CO TO 1286 013600 0000 
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ISTOP•1 01361e 0000 
WRITE<L0,22?1> NSSEG,NSHA~T 01362e 0a0e 

1286 CONTINUE 0•363G 0000 
c ------------------------------------------------------------------ etJ&•e eeae C CHECK FOR PROPER LINING CODE FOR SUPPORT TYPE SPECIFIED 013650 0000 

IF<ISUPPT.LE.3.AND.LINING.EQ.0 ) GO TO :288 a:3660 0000 
IF<ISUPPT.EO.S .AND.LINING.EQ.3 l GO TO 1288 a:3670 00e0 
IF<ISUPPT.EQ.4.AND.LINING.EQ.0 l GO TO 1287 013680 0000 
IFCISUPPT.EQ.4.ANO.LINING.NE.3 l GO TO 1288 013690 0000 

1287 ISTOP•1 013700 0000 
URITE CL0,2275 l NSSEG,NSHAFT 013710 00e0 

1288 CONTINUE 013720 0000 
c ------------------------------------------------------------------ 913730 9900 C CHECK FOR CUT AND COUER SHAFT 0137~0 0000 

I~tNSSTYP.EQ.3 ) GO TO 129 013750 0000 
c ------------------------------------------------------------------ 013760 0900 C CHECK FOR HIGH STABILITY NUMBER - MAY RESULT IH UNEXCAVATABLE JOB 013770 0000 

STABNO•B <I 24> 013780 0000 
I~<STABNO.LE.9.ANO.PHI.LT.29.0R.STABNO.LE.7.ANO . PHI.GE.29 l 013790 0000 

1 GO TO 1289 013800 0000 
ISTOP•1 013810 0000 
URITE<L0,2285l NSSEG,NSHA~T 013820 0000 

c ------------------------------------------------------------------ 013830 0000 c· CHECK ~OR PROPER STABILIZATION CODE 013840 0000 
1289 MSTAB•B<I,25 l 013850 0000 

I~<MSTAB.GE.0.AND.MSTAB.LE.3 > GO TO 1290 013860 0000 
ISTOP•1 013870 0000 
WRITE <L0,2290 l NSSEG,HSHAFT 013880 0000 

c ------------------------------------------------------------------ 013890 0000 C CHECK FOR PROPER USE OF STABILIZAT:O~ METHOD CODE 013900 0000 
1290 ~UST•B<I,26 > 013910 000a 

IF<MUST.GE.1.A~D.~UST.LE.4) GO TO 1292 013920 0000 
ISTOP•1 013930 0000 
WRITE<L0,2295l NSSEG,NSHAFT 013940 0000 

c ------------------------------------------------------------------ 013950 0000 C CHECK FOR AIR PRESSURE INPUT IF STABiliTY NU~BER INPUT AMO 013960 0000 
C AIR PRESSURE STABILIZATION INPUT 013970 0000 

1292 AIRPR•B<I,27 l 013980 0000 
I~ < STABNO.GT.0.0.ANO.MSTAB.EQ.1.AND.AIRPR.EQ.0.0> GO TO 1293 013990 0000 
GO TO 1294 014000 0000 

1293 ISTOP•1 014010 0000 
URITE<l0,2300 > HSSEG,NSHA~T 014020 0000 

1294 CONTINUE 014030 0000 
c ------------------------------------------------------------------ 014040 eee0 C CHECK FOR USE CODE·~ UHEN STABILITY NUMBER IS SPECIFIED 014050 0000 

IF C STABNO.EQ.0.0R.~UST.EQ.4 ) GO TO 1296 014060 0000 
ISTOP•l 014070 0000 
WRITE <L0,2305 > NSSEG, ~SHAFT 014080 0000 

1296 CONTINUE 014090 0000 
c ------------------------------------------------------------------ 01~100 0000 C CHECK I~ STABILIZATION METHOD NOT COMPRESSED AIR BUT AIRPR GT 0 014110 0000 

I~<MSTAB.EQ.1.0R.AIRPR.EQ.0. > GO TO 1297 01~120 0000 
ISTOP•l 014130 0000 
URITE<L0,2307> NSSEG,NSHAFT 014140 0000 

1297 CONTINUE 01~150 0000 
c ------------------------------------------------------------------ 01~169 0000 C CHECK IF STABILIZATION METHOD AGREES UITH USE CODE 014170 0000 

IF<MSTAB.GE.0.AND.~UST.GT.2.0R.MSTAB.E0.0.AND.MUST.tT.3 lGO TO 1298 01~180 0000 
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ISTOP•t 01~1~0 0000 
~RITECl0,2310l NSSEG,NSHAFT 01~200 00~0 

12i8 CONTINUE e1~21~ 0000 
c ------------------------------------------------------------------ 01~2ao e000 C CHECK IF STABiliZATION METHOD IS INPUT 01•230 0000 

IFC"STAI.EQ.0> GO TO 128 01•2•e 00~0 
c ------------------------------------------------------------------ e1~cs0 00aa C CHECK IF STAIILIZATION METHOD IS ACCEPTABLE 01.260 0000 

GO TO <1300,1302,130•>. MSTAB 01~2?0 0000 
c ------------------------------------------------------------------ 01.280 0000 C AIR PRESSURE -- CHECK IF SOIL IS A GRAVEL 01~290 0000 

1300 IFCPER". LT.l0.E-10.ANO.D10.CT.2. > CO TO 1305 01.300 0000 
IF<PER~.GT.0 •• l GO TO 1305 01~3~0 0000 

C CHECK IF SOIL IS A ClAV 01.32e 0000 
IF<D10.LE.0.005) CO TO 1308 01.330 0000 

C CHECK IF SHAFT SEC"ENT ABOVE WATER TABLE 01~3·0 0000 
IFCELWATR.LE.ELNPB> CO TO 1308 01.350 0000 

C CHECK IF WATER HEAD LESS THAN 115 FEET 01~360 0000 
ELAVG• CELNPT+ELNPB )/2. 01~370 0000 
IFCEL~ATR-ELAVG.LE.115. > GO TO 1308 01.380 0000 
GO TO 1305 01.390 0000 

c ------------------------------------------------------------------ 01~~00 eeee C DEUATERING -- CHECK IF DE~ATERING IS ALLOWED 01~~10 0000 
1302 IF<IUATER.EQ.0l GO TO 1305 01~~20 000e 

C CHECK IF SHAFT SEGMENT ABOVE WATER TABLE 01~~30 0000 
IFCELUATR.LE.ELNPB > GO TO 1305 01•~•0 0000 

C CHECK IF SOIL IS FINE SAND OR COARSER OR IS REASONABLY PERMEABLE 01~·50 0000 
IFCPERM.LT.10.E-10.AND.D10.GT.0.08 l GO TO 1308 01.~60 0000 
IFCPERM.GT.0 . 0006l GO TO 1308 01~•10 0000 
GO TO 1305 01~•80 0000 

c ------------------------------------------------------------------ 01~~90 0900 C GROUND INJECTIONS -- CHECK IF SOIL IS NOT CLAV 01~S00 0000 
1304 IF<D10.GT.0.005 > GO TO 1308 01•510 0000 

c ------------------------------------------------------------------ 01~520 0000 C STABILIZATION METHOD IS NOT ACCEPTABLE 01~530 0000 
1305 MSTAC•c 01•5~0 0000 

C CHECK IF USE CODE ·~ 01~550 0000 
IFCMUST.EQ.4 > GO TO 1306 014560 0000 
~RITECL0,2315 l NSSEG,NSHAFT 01~570 0000 
GO TO 1310 01~580 0000 

1306 ISTOP•1 01~590 0000 
URITECL0,2320l NSSEG,NSHAFT 01.600 0000 
GO TO 1310 014610 0000 

c ---------------------------------- -------------------- ------------ 01.620 0000 C STABILIZATION METHOD IS ACCEPTABLE 01~630 0000 
1308 MSTAC•t 0146•0 0000 
1310 B<I,28 l •MSTAC 014650 0000 

c ------------------------------------------------------------ ------ 01~660 0000 C CHECK FOR CORRECT GROUNDWATER CODE 01~670 0000 
128 INFLOU•B CI 9 > 01~680 0000 

IF CINFLOU.EQ.0,0R.INFLOU.EQ.t ) GO TO 12~ 0146~0 0000 
WRITE CL0,10.7 l NSSEG,NSHAFT 01~700 0000 
ISTOP•1 01~710 0000 

c ----------------------------------------------------------------- 014720 0000 12~ IPS• NSHAFT 01.730 0000 
GO TO ge 01~740 0000 

C 138 ~~~TY~u~HAFT SEGMENT DATA :i:~~= :::: 
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c 
c 

COSTUN Listing (Continued) 

01~779 0000 

·································································~ 01~780 0000 NSS•I-1 01~790 3000 
01~8e0 0000 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• , 01.810 0309 

READ SHAFT PROPERTIES 

INITIALIZE SHAFT DATA ARRAY 
DO 132 1•1,NS"AX 
SHAFT<I,?l•-10.£30 

132 SHAFT<l,1 >•-10.E30 

01~820 0000 
~1~830 0000 
01~8•0 3000 
01.850 0000 
01~860 ~000 
01.870 3000 
01•880 0000 
31•890 ~000 

131 READ<LI,1025,ERA•450 l NSHAFT,BFS,ISHAPS,DDS,CDS,AIRTE",CFL,CFE, 0~•900 0000 
1I~~N~~~f~~~~~~g;~~ GO TO 139 ~~:~~= :::: 

CHECK FOR PREVIOUS USE OF SHAFT NUMBER 014930 0000 
134 IFCSHAFT CNSHAFT,1 l .GT.-10 . E29 > WR !TE CL0,1027 l NSHAFT 0~4940 0000 

IFCSHAFTCNSHAFTt1 >.GT.-10.E29 > ISTOP•l 01•950 0000 
IF SHAFT IS POR AL,USER CAN OMIT BFS. SET SIZE 01~960 0000 
NPORT•SHAFTCNSHAFT,23l 01•970 0000 
IFCNPORT.EQ.l> BFS•20. 01.980 0000 
5HAFTCNSHAFT,5l•DDS 01•990 0000 
SHAFT CNSHAFT,6>•CDS 015000 0000 
SHAFT CNSHAFT,?l•BFS 015010 0000 
SHAFT CNSHAFT,11 l •AlRTEM 015020 e000 
SHAFT CNSHAFT,12 l•CFL 015030 0000 
SHAFT CNSHAFT,13l•CFE 015040 0000 
SHAFT CHSHAFT,14 l •CFM 015050 e000 
SHAFT CNSHAFT,15 l•RCF 015060 0000 
SHAFT CHSHAFT,16 l•ISHAPS 015070 0000 
SHAFT CNSHAFT,l? l •HOURS 015080 0000 
SHAFTCNSHAFT,18 l •DAVS 015090 0000 
------------------------------------------------------------------ 015100 0000 CHECK FOR FINISHED DIMENSION BETWEEN 10 AND 40 FEET 015110 0000 
IF<ISHAPS.GT.0.AND.BFS.LT.10 .• 0R.ISHAPS.GT.0.AMO.BFS.GT .• 0. l 015120 0000 

1WRITECL0,10?4l NSHAFT 015130 0000 
------------------------------------------------------------------ 015140 0000 CHECK FOR PROPER SHAFT SHAPE CODE 015150 0000 
IF<ISHAPS.G£.0,AND.ISHAPS . tE.2> GO TO 135 015160 0000 
ISTOP•1 015170 0000 
URITE<L0,2325> NSHAFT 015180 0000 

135 CONTINUE 015190 0000 
------------------------------------------------------------------ e1s2e0 eee0 CHECK FOR SPECIFICATI ON OF PORTAL, BVPASS FOLLOUING CHEC(S 015210 0000 
IF<NPORT.EQ.1 l GO TO 136 015220 0000 
------------------------------------------------------------------ 015230 0000 CHECK FOR SPECIFICATION OF OUMMV SHAFT 0152•0 0000 
IF CISHAPS.EQ.0 l WRITE CL0,2327 l NSHAFT 015250 0000 
------------------------------------------------------------------ 015260 0000 CHECK IF SHAPE CODE AGREES WI TH INPUT SHAFT SIZE 015270 0000 
IF<BFS.EQ.0.ANO.ISHAPS.EQ.0,0R.BFS.GT. 0.AND .t5HAPS.GT.0 > GO TO 136 015280 0000 
ISTOP•l 015290 0000 
IF <ISHAPS.EQ.0 l WRITE<L0,23J0> NSHAFT 015300 0000 
IF CISHAPS.GT.0 l WRITE <t0,2332 > NSHAFT 015310 0000 

136 CONTINUE 015320 0000 
------------------------------------------------------------------ 01S3Je eeee CHECK IF YORK HOURS PER DAV IM PROPER RANGE 015340 0000 
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IFCHOURS.GE.e • . ANO.HOURS.LE.2~. > GO TO 137 015350 0000 
ISTOP•1 215363 0000 
URITECL0,233S l NSHAFT ~~.SS~~~ !!!2 137 CONTINUE ., .,..,., .,.,..,., 
------------------------------------------------------------------ ets3ve eeea CHECK IF UORK DA¥5 PER WEEK IN PROPER RANGE 015~03 e00a 
IFCDAVS.GE.~ •. AND.DA¥S.tE.7 •. 0R.OAYS.EQ.0. l GO TO 138 015410 e000 
ISTOP•1 015429 0000 
URITECl0,2340 l NSHAFT 015~39 0000 

138 CONTINUE 0154.0 000a 
--------------------------------------------- ----- ---------------- 015~50 0000 015 .. 60 0000 

015 .. ?0 0000 
015~80 0000 
015.90 0000 
015500 0000 
015510 0000 
015520 00~0 

-------------------------------------------------------- ---- - ----- 01SS3e 0009 MAKE SURE THAT ALL TUNNEL SEGMENTS HAVE REACHES DEFINED FO~ THEM 015540 0000 
00 200 I•1,NTS 015550 0000 
NTSEG•A CI 1 > 015560 0000 
NREACH•A cf,4> 015570 0000 
IF CTROATA CNREACH,1 >.GT.0. ) GO TO 200 015580 0000 
ISTOP•1 015590 0000 
URITE CL0,1200 > NTSEG,NREACH 015600 0000 

200 CONTINUE 015610 0000 
c ------------------------------------------------------------------ 015620 0000 C CHECK THAT EUERV REACH NUMBER ASSIGNED HAS AT LEAST ONE TUNNEL 015630 0000 
C SEGMENT REFERRING TO IT 015640 0000 

DO 250 I•1,NTRMAX 015650 0000 
IF CTRDATA CI , 1 >.LT . -10.E29 > GO TO 250 015660 0000 
NREACH•I 0156?0 0000 
JJ•0 015680 0000 
00 225 J•1, NTS 015690 0000 
IF C NREACH.EQ.A C J,~ )) J J•1 015700 0000 

225 CONTINUE 015710 0000 
IF CJJ.EQ.1 > GO TO 250 015720 0000 
ISTOP•1 015730 0000 
WRITE CL0,1203 l HREACH 0157~0 0000 

250 CONTINUE 015750 0000 
c ------------------------------------------------------------------ 015760 0000 C CHECK TO MAKE SURE ALL SHAFT SEGMENTS HAUE SHAFTS DEFINED FOR THEM 015770 0000 

DO 300 I•l,NSS 015780 0000 
NSSEG•B<I 2 l ~15790 ~~00 
NSHAFT•B <f,1 l 015800 ee00 
IF <SHAFT CNSHAFT,7 l. GT.-10.E29 l GO TO 260 015810 0000 
ISTOP•1 015820 0000 
URITE<l0,1201 > NSSEG,NSHAFT 015830 0000 

260 CONTINUE 0158~0 0000 
c ------------------------------------------------------------------ 015850 0000 C CHECK FOR PORTAL OR DUMMY SHAFT 015860 0000 

c 
c 

~~~=~;~~~~~+~~~~~~+~i~, :i~~~= :::: 
IFCNPORT.EQ.1. 0R. ISHAPS.EQ.0 l GO TO 300 015890 0000 
------------------------------------------------------ ------------ e1sgee eeee CHECK IF SHAPE CODE AGREES UITH SHAFT TYPE 015;10 0000 
NSSTVP•J CI,tS > 015;20 e0ee 
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IFCNSSTVP.QT.1.0R.ISHAPS.lT.cl GO TO 2?0 ~15930 0000 
ISTOP•1 at59•0 0000 
URITECLO.cJ•5> NSSEG.NSHAFT 015950 0000 

2?1 CONTINUE 0~5960 a000 
c ------------------------------------------------------------------ 015970 aeee C CAST IRON SHAFT SUPPORT - CIRCulAR SHAFTS ONlV 015980 9000 

c 
c 

c 
c 
c 

I~~~;~;=~~t~7f.oR.ISUPPT.NE.1.0R.NSSTYP.NE.c > co To as0 ~~~~~= :~:: 
ISTOP•1 016010 0000 
URITECl0.2350> NSSEG.NSHAFT 016020 0000 

280 CONTINUE 016030 0000 
------------------------------------------------------------------ 0160~0 9900 IF THE SHAFT SEGMENT IS ~OLEO, ITS SHAPE MUST BE CIRCULAR 016050 0000 
MEX•B<I.?> 016060 0e00 
IFCMEX,NE.2.ANO.MEX.ME.3l GO TO 300 016070 0000 
IFCISHAPS.EQ.l > GO TO 300 016080 0000 
ISTOP•1 016090 0000 
URITECL0,2355l N5SEG.NSHAFT 016100 0000 

300 CONTINUE 016110 000~ 
------------------------------------------------------------------ 01S120 0000 CHECK THAT EUERV SHAFT NUMBER ASSIGNED HAS AT LEAST ONE SHAFT 016130 0000 
SEGMENT REFERRING TO IT 0161•0 0000 
DO 350 I•1,NSMAX 016150 0000 
lFCSHAFTCI,1>.tT.-10.E29> GO TO 350 016160 0000 
NSHAFT•I 0161?0 0000 
JJ•0 016180 0000 
DO 325 J•1,NSS 016190 0000 
IF <NSHAFT.EO.BCJ,1>> JJ •1 0162e0 00e0 

325 CONTINUE e1621e 0000 
IF<JJ.EQ.ll GO TO 350 016220 0000 
ISTOP•1 01623e 0000 
URITE<L0,120•> NSHAFT 0162•e 000e 

350 CONTINUE 016250 0000 
c ------------------------------------------------------------------ 016260 000e C CHECK ALL REACHES TO MAKE SURE THAT THERE IS AN E~IT SHAFT DEFINED 016270 00ee 

c 
c 
c 

c 
c 

DO •ee I•l NTRMAX 016280 0000 
IF <TRDATA <it1l.tT.-1e.E29 > GO TO •00 01629e 000e 
NSHAFT•TRDA A<I.1 l 016300 000e 
IF CSHAFTCNSHAFT.?l.GT.-10.E29 > GO TO •e0 016310 0000 
ISTOP•l 016320 0000 
URITECl0 .1202 > I.NSHAFT e16330 0000 

•00 CONTINUE 0163.0 e000 
------------------------------------------------------------------ 016350 0000 
CHECK FOR ANV STOPS FOUND 

•25 CONTINUE 
IF<ISTOP.EQ.0 l GO TO see 
FATAl ERRORS DETECTED WHICH MAY MAKE FURTHER CALCULATIONS 
MEANINGLESS. TERMINATE RUN AND GO TO NEXT SVSTEM DATA DECK 
WRITE<L0.1011l 
CAll NE~SET<lO,li l 
RETURN 

•50 WRITE Cl0.150•> 
ISTOP • 1 
QO TO •as 

016360 0000 

C IF NO FATAL ERRORS~LIST NODAL POINT DATA IF REQUESTED 
500 IF <LIST<l >. EQ.l l RtTURN 

e163?0 0000 
016380 e000 
e16390 0000 
016~00 0000 
016~10 e000 
016.20 e000 
016.30 0000 
016~•e 0000 
016.50 0ee0 
016.60 0000 
016.?0 000e 
016.80 e000 
01s•90 0eee 
016500 0000 URITE<t0.1e03 l 
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COSTUN Listing (Continued) 

188e FOR"ATC1X,I4,5X F10.0> 
1811 FOR"ATCI,' FATAl ERRORb NODAL POI~T ',I 5, ' MUST BE CHANGED TC A 

lHU~BER IH THE RANGE FR M 1 TO ',I4 > 
1812 FOR"AT<4I4,F5.0ti3,F7.01 FS.0,I3,F4.0LF7.0,2I3,FS.0 > 
1083 FOR~ATCII/,10X,~SH NODA~ POINT EL~VATION //) 
1004 FORMAT(18X,I7 8X,F9.2> 
1085 FORMATC3F4.0L~8.0,F4.0,F7.0,FS.0,F3.0,F5.0,F7,0,F3.0,F6.0,F4.0,F2. 

100F6.0,F3,0LF5.0> 
1006 F RMATC4X,2~<4.0LF8.0LF4.0,F7.0,FS.0,F3.0,F5.0,~7.0,F3.3,F6.0,F4.0, 

1F2.0,F6.t,F2.0,~1.0,~5.0l 
1807 FORMAT C4F4.0,8X,F8.0,F4.0,F3.0,F6.0,2F3.0,F6.0,F2.0,Fo.Q,F3.0, 

1F5. 0 > 
1008 FORMAT C 16X,2FB.0,F4.0,F3.0,F6.0,2F3.0,F8.0,F6.0,F2.0,~1.0,F5.0 ) 
1011 FORMATCII/,1X,131C'l ' >,125X,'PROGRAM STOPPED BECAUSE OF ERRORS i 

1N SUBROUTINE INPUT ' 11X,131<1Ht)) 
1013 FORMATCI, ' FATAL ERR6RL NODAL POINT',IS, ' IS INPUTED ON TUO SEP 

1ARATE NODAL POINT CARD~ ') 
1 ets1~~~a~~~E:~H~~~A5A~~Rg:RD~E~~~~~~E~~N; 6~ ~~~c~~R~~c; ~6og~Tpg~NT 

25' ) 
1e16 FORMAT C/ t ' FATAL ERRORL ALIGNMENT INCLUDES MORE THAN THE ' ,14, ' 

1 TUNNEL ~EGMENTS ALLOU~D '> 
1017 FORMATIIL' FATAL ERROR6 ALIGNMENT INCLUDES MORE THAN THE ' ,14, ' 

1 SHAFT S~GMEHTS ALLOUE ') 
1&2& FOR~AT C 2I~ ,F6.0,2I3 ,F5.0,F4.0LI3,2FS.0,I3,25X,IS > 
1821 FORMAT (It ' FATAL ERROR, REACH NUM~ER',lS,' SHOULD BE CHANGED TO 

1 ONE IN HE RANGE OF 1 TO ' ,IS > 
1022 FOR~ATCI, ' FATAL ERROR, SEG~ENT',IS, ' REFERS TO REACH',IS,' BU 

1T THIS REACH NUMBER HAS BEEN PREVIOUSLV ASSIGNED '> 
1023 FORMAT(/ , ' FATAL ERROR, SEGMENT',IS , ' REFERS TO SHAFT',IS,' BU 

1T THIS SHAFT HUMBER HAS BEEN PREVIOUSLV ASSIGNED ' l 
1025 FORMATCI4,F6.0,I3,F8.0,F7.0,F~.0,4F6.0,FS.e,F~.e > 
1826 FORMAT(! , ' FATAL ERROR, DATA FOR REACH',IS,' HAVE BEEN SUPPLIED 

1 ON TWO SEPARATE REACH CARDS'> 
1927 FORMAT C/ t ' FATAL ERROR, DATA FOR SHAFT',IS,' HAVE BEEN SUPPLIED 

1 ON TUO ~EPARATE SHAFT CARDS'> 
te29 FORMAT(/ , ' FATAL ERROR, EXCAVATION METHOD IN SEGMENT',IS,' IN SH 

1AFT',IS, ' WAS NOT SPECIFIED BV USING CODE ZERO COR 8LANK l, 1,2,3,~ ' l 
1030 FORMATCI,' FATAL ERROR, EXCAVATION METHOD IN SEGMENT',IS,' IN RE 

1ACH', IS, ' WAS NOT SPECIFIED BV USING CODE 1,2,3,4,5,6,0R 7' > 
1&31 FORMAT( !,' FATAL ERROR, ONE OR BOTH NODAL POINTS IN SEGMENT',IS,' 

1 IN REACH ' ,IS, ' WERE NOT LISTED WITH OTHER NODAL POINT DATA CARD 
25 I ) 

1034 FOR~ATCI, ' FATAL ERROR, SHAFT',IS,' LISTED UITH SHAFT SEGMENT', 
10~e 1~~k~Af7/~~TF~¥~~E~~~O~~ ~~~C~~~~Es2~P~ ~gS'N5flSPECIFIED FOR MOt 

lED EXCAVATION IN SEGMENT ' ,IS, ' IN REACH',IS > 
1841 FORMAT C/L' FATAL ERROR, MUCK TRANSPORT METHOD IH REACH ' ,IS, ' WA 

1S NOT SPtCIFIED WITH A CODE OF ZEROCOR BLANK l,1 c,3,0R 4') 
te42 FORMATCit ' FATAL ERRORL TUNNEL SHAPE IN REACH ',iS, ' WAS NOT SPE 

lCIFIED W!TH A CODE OF ~ERO<OR BLANK> 1,2 OR 3 '> 
1043 FORMATC/t' FATAL ERRORt LIHINQ TVPE iN SEGMENT ' ,IS, ' IN REACH ' ,IS 

1,' UAS HoT SPECIFIED U1TH A CODE OF ZEROCOR 8tAHK >,1,2,0R 3' > 
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011i510 0001i! 
016520 0000 
016530 0003 
016540 0000 
016550 0000 
016560 0000 
016570 0000 
016580 0000 
016590 0000 
016600 0000 
016610 0000 
016620 0000 
016630 0000 
016640 0000 
016650 000e 
016660 0000 
016670 0000 
016680 0a0e 
0166!;0 0000 
016700 0000 
016710 0000 
016'?20 0000 
016730 0000 
0167•0 0000 
0167<45 
016750 0000 
016760 0000 
016770 0000 
016780 0000 
016790 0000 
016800 0000 
016810 0000 
016820 0000 
016830 0000 
016840 0000 
016850 0000 
016860 0000 
016870 0000 
016880 0000 
016890 0000 
016;00 0000 
01691e 0000 
016920 0000 
016930 0000 
e16940 0000 
016950 0000 
016960 0000 
016970 0000 
016980 0000 
016990 0000 
017000 0000 
011010 0000 
011020 0000 
017030 0000 
017040 0000 
0110s0 0000 
017060 0000 
017070 0000 



COSTUN List i ng (Continued) 

11~5 FOR~ATCI,' FATAL ERROR, A LINI~Q THICKNESS IS S~Ec:riEC FO~ SEC 
1"EHT' I~, ' IN REACH' I~. ' ,BUT NO LI~INQ UAS SPECiriED ': 

tt•& FOR~AtCI,' FATAL ERR6R, A LINING THIC~NESS IS SPECiriEt FO~ SEC 

tt•?1~~~~~tf~:; ~~T~tA~~~oA;·~~~~~D~gTfAN~~~L~0s:~~~~!~~~¥ :! xs. · :r. s 
1e~s1~S~~~tf~~: ~=~At0lR~~~; 1EI~fN~!f~~~ !~D~Eg~E~~~~f~~ ~ ~i~~~~A~~ · !i~ 

1 'UAS MoT SPECIFIED U1TH A CODE OF ZERO tOR BLANK ) 1 2,0R 3'l 
1155 ~OR~ATCIL ' FATAL ERROR, SHAFT',I5, ' IS NOT NU"8ERE6 i~ T~E R~NG 

1E OF 1 Tu ',I5l 
1968 FOR"AT(IL ' **** WARNING **** ROCK STRENGTH :s tESS T~AN 500 PSI 

1 IN SEGM~NT',IS,' IN REACH ' ,IS,' GETTING CLOSE TO SOFT GROUND ' , 
25X 1~< 1H* > l 

1862 FO~~ATCI, ' FATAL ERROR, ROD IN SEGMENT ' ,IS, ' IN REAC~ ' ,I5, 
1' IS NOT A NUMBER FRO" 0 TO 100 ' l 

186• FORMATCit ' tJtJ WARNING ***• TUNNEL SIZE IN REACH · ,!5, ' IS ~OT 
1 UITHIH HE RANGE OF 10 TO ~0 FEET ', SX,~1 C 1H• >> 

1065 FORMATtl, ' FATAL ERROR, ADVANCE RATE IN SEGMENT ' ,IS, ' Ih RE~CH ', 
1 IS, ' IS LESS THAN 0 FTIDAV ') 

1070 FORMATCIL ' **** WARNING tttJ ROCK STRENGTH !S LESS T~AN S00 PSI 
1 lH SEGM~HT ' ,IS,' IH SHAFT',IS, ' GETTING CLOSE TO SOFT GROUND ' , 
25)( 1~C1HJ> > 

1972 FO~MATtl, ' FATAL ERROR, RQD IN SEGMENT',IS, ' IN SHAFT ' ,lS, 
1 'IS NOT A HUMBER FROM 0 TO 100' l 

107• FORMAT(It ' ****WARNING**** SHAFT SIZE IN SHAFT ' ,I5, ' IS HOT 
1 WITHIN HE RANGE OF 10 TO •0 FEET ' ,SX,~1 C 1HJ ll 

19?5 FORMATC I , ' FATAl ERROR, ADVANCE RATE IN SEGMENT ' ,IS, ' IN SHAFT ' , 
1 IS, ' IS LESS THAN 0 FTIOAV ' > 

1115 FORMAT CI , ' FATAl ERROR, SEGMENT',I5, ' IN SHAFT ' IS,' IS OUT OF 
1SEQUENCE,CHECK DATA CARDS ARRANGEMENT OR FOR CORRECT NODAL ~OINT 
2S') 

1131 FORMAT CIL' FATAl ERROR, ONE OR BOTH NODAL ~OINTS IN SEG"ENT ' ,IS, 
1' IN SHAfT ' ,IS, ' UERE MOT LISTED UITH OTHER ~ODAL POINT DATA CARD 
2S') 

1288 FORMATCI, ' FATAl ERROR, TUM~El SEGMENT ' ,IS, ' REFERS TO REACH ' ,IS 
1 ' BUT ~0 SUCH REACH HAS BEEN IN~UTEO · > 

1281 foR"ATCI,' FATAL ERROR, SHAFT SEGMENT ' ,IS, ' REFERS TO SHAFT',IS 
1 ' BUT NO SUCH SHAFT HAS BEEN INPUTED '> 

1292 fORMATt l , ' FATAl ERROR, REACH ' ,I5, ' REFERS TO EXIT SHAFT ' ,IS, 
1 ' BUT ~0 SUCH SHAFT HAS BEEN INPUTED'> 

1283 FORMAT CI,' FATAL ERROR, TUN~El REACH',IS, ' HAS BEEN ASSIGNED,BU 
1T ~0 TUN~El SEGMENTS REFER TO IT'l 

120• FOR"AT CIL' FATAL ERROR, SHAFT ' ,IS, ' HAS BEEN ASSIG~EO,BU T NOSH 
1AFT SEGM~NTS REFER TO IT ' l 

1580 FOR"ATC I , ' FATAl ERROR,NO SEPARATOR CARD AFTER NODAL POINT DATA'l 
1591 FORMAT (I , ' FATAL ERROR, NO SE~ARATOR CARD AFTER TUNNEL SEGMENT D 

1ATA' ,I25X, '-- OR-- ' l 
1592 FORMATCI,' FATAL ERROR, NO SEPARATOR CARD AFTER TUNNEL REACH OAT 

1A' l 
1503 FOR"ATCIL ' FATAL ERROR, CHECK FOR MISSING SEPARATOR CARD AFTER S 

1HAFT SEG~ENT DATA' 12SX,'-- OR-- ' l 
150. FOR"ATCI,' FATAL E~ROR, CHECK roR MISSING SEPARATOR CARD AFTER 5 

1HAFT DATA ' l 
2080 FORMATCI,' FATAL ERROR, TUNNEL TVPE IN SEGMENT ' ,IS, ' IN REACH ' , 

115 ' WAS NOT S~ECIFIED BV USI~G CODE 1,2 OR 3' l 
2885 FO~MATCI, ' FATAl ERROR, EXCAVATION METH06 I~ SEGMENT ' ,I5, ' IN RE 

1ACH' ,I5,' DOES NOT MATCH TUNNEL TVPE SPECIFIED') 
2t10 FOR~ATCI, ' FATAL ERROR, LINI~G TVPE IN SEGMENT',IS, ' IN REACH', 
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01.,080 ~000 
0Peg0 0000 
0:"100 3000 
0!7110 3000 
0l'?120 3090 
017130 0000 
0111~0 00e0 
017150 0000 
017160 0000 
017170 0000 
017180 0000 
017190 0000 
017200 0000 
017210 0000 
017220 0000 
017230 0000 
0172•0 0000 
01?2S0 0000 
017260 e000 
017270 0000 
017280 0000 
017290 0000 
017300 0000 
017310 0000 
017320 e000 
017330 0000 
0173~0 0000 
017350 0000 
01?360 0000 
017370 0000 
017375 
017380 0000 
017390 0000 
017400 0000 
017.10 0000 
017420 0000 
017430 0000 
017.~0 0000 
0174S0 0000 
01H60 0000 
01H70 0000 
017~80 0000 
01H90 0000 
017500 0000 
017510 0000 
017520 0000 
017530 0000 
0175•0 0000 
017550 0000 
017560 0009 
017570 0000 
01?580 0000 
017590 0090 
01?600 0000 
017610 0000 
017620 0000 
017630 0000 
01?6•e 0000 



COSTUN Listin~ (ConLinued) 

liS ' DOES NOT MATCH TUNNEL TV~E SPECI~IEO ' l 
2e1S rokMATC/ ' ~ATAL ERROR, UATERTIG~T LINING REQUIREMENT IN SEGrENT 

1 IS ' IN'REACH ' ,IS, ' UAS NOT S~EC I~IED BV USING CCOE 2EPOl0~ BtA 
I I • 

21'tl0 OR 1 ' l • 
2817 ~OR~AT(/L ' ttJJ RE~INDER ttl• ALL CUT AND COU~R TUNNE~ ~EG~EN 

lTS ARE D~SIGNEO AS UATERTIGHT -- IN~UT IGNORED I~ SEGMENT ' ,IS, 
2' IN REACH' IS/20X ' AND WATERTIGHT DESIGN USED'> 

2820 FOR~AT(/L ' fATAL ERROR, NO LINING OR SUPPORT WAS SPECIFIED I I~ SE 
1GMENT ' ,I~.· IN REACH ' ,IS, ' BUT A WATERTIGHT TUNNEL WAS SP£CiriED ' l 

2025 FORMAT( / ,' tJJt UARNINC JJJJ GROU~D WATER ElEJ ATI ON IN SEGMENT ' 
1 IS, · IN REACH ' ,IS, ' IS EITHER ZERO OR BlANK- ELEUATI ON ZERO w: 
2ll E USED IN ' , /' COMPUTATIONS',SX,!1~<1Hlll 

2030 ~ORMAT(/, ' rATAl ERROR, ROD IN SEGMENT',IS, ' IN REACH' ,IS, ' IS 
1lESS THAN 25 I N A ROCK TUNNEl. USE SOFT GROLND OR CUT AND COVER ' J 

2035 FORMAT C/ , ' lJJt WARNING**** RQD IN SEGME~T ', IS, ' IN REACH' ,IS, 
1' IS GREATER THAN 25 rOR A SOFT GROUND TUNNEL ' ,SX,29<1Hl >> 

20<40 FORMAT <I , ' rATAL ERROR, SURFACE NODAL POINTS ABOUE SEGMENT',IS, 
1' IN REACH ',IS, ' ARE OUT OF SEQUENCE ' l 

2045 FORMAT (I , ' FATAL ERROR, ONE OR BOTH SURrACE NODAL POINTS ABCVE S 
1ECMENT ' 1 ISL ' IN REACH',IS,' WERE NOT LISTED WITH OTHER NODAL ~O I~ 
lT DATA \;ARuS'l 

2050 FORMAT C/,' FATAL ERROR,SUR~ACE NODAL POINT ELEVATI ONS IN SEGr.ENT ' 
1 IS, ' IN REACH',l5 ' ARE BELOW TUNNEL ELEVATION' l 

2055 fORMAT l/ , ' FATAL ERROR, ErFECTI VE GRAIN SIZE IN SEGMENT',I5, ' I~ 
1 REACH ' ,IS, ' WAS NOT IN~UT' l 

2060 ~ORMAT (I , ' FATAL ERROR, SOIL STRENGTH <PHI AND/ OR COHESION> IN S 
1EGMENT ', I5, ' IN REACH',IS,' WAS NOT SPECIFIED '> 

2061 FORMAT(/,' tttr WARNING ttlt POSSIBLE ERROR IN ~ERMEABILITV IN 
1 SEGMENT',IS, ' IN REACH ' , IS, ' - IN~UT IS GREATER THAN 10 CM/SEC', 
25x 12<1H* » 

2062 FORMAT(/ , ' lttJ WARNING ttJt ~RICTION ANGLE IN SEGMENT ' ,!S, ' I 
1N REACH ' ,IS, ' IS GREATER THAN 45 DEGREES',5X,35<1Hll) · 

2063 rORMAT C/ , ' FATAL ERROR, rRICTION ANGLE IN SEGMENT',IS,' IN REACH' 
1,15, ' IS GREATER THAN 100.CHECK FOR NUMBER SHIFTED ON DATA CARD '> 

2064 FORMAT C/L' ~ATAL ERROR, UNIT WEIGHT OF SOIL IN SEGMENT', IS, ' IN 
1REACH', I~, ' IS TOO LARGE FOR SOIL OR POOR ROCK' l 

2065 ~ORMATC/,' FATAL ERROR, DEWATERING REQUIREMENT IN SEGMENT',IS, 
1 ' IN REACH ' ,IS, ' WAS NOT S~ECIFIED BY US ING CODE ZERO<OR BLANK > 
20R 1'> 

2070 FORMAT(/ , ' **** WARNING Jlll I M~ERVIOUS LAVER ELEVATION ! H SEC 
1MENT',I5, ' IN REACH',IS,' IS EITHER ZERO OR BLANK- EtEUAT10N ZER 
20 WILL BE USED '/' IN COMPUTATI ONS' ,5X, 111< 1HJ >> 

2072 FORMAT (/,' FATAL ERROR, IM~ERVIOUS LAVER ELEVAT ION IN SEG~ENT ' , 
115 ' IN REACH', IS ' IS ABOVE AVERAGE SUR~ACE ELEVATI ON' l 

2073 ~ORMAT (/,' FATAL ERROR, IM~ERU IOUS LAVER ELEVATI ON IN SEG~ENT ' , 
115, ' IN REACH ' ,IS, ' IS AT THE SURrACE AND SOIL GRAIN SIZE IN~UT 
2EXCEEDS0. 005 ' l 

2075 ~ORMAT (/,' FATAL ERROR, SU~PORT TYPE IN SOFT GROUND SEGMENT ' , 
liS ' IN REACH ' ,IS, ' WAS NOT S~ECIFIED BV CODE 1,2,3,<4,S,OR 6' l 

2080 FORMAT </ , ' FATAL ERROR, SUP~ORT TYPE IN SECMENT',IS,' IN REACH', 
liS, ' DOES NOT MATCH TUNNEL TV~E S~ECIFIED ' > 

2085 FORMAT (/ , ' rATAL ERRORL liNING TYPE IN SEGMENT', IS, ' IN REACH ' , 
liS ' DOES NOT MATCH SU~PORT TVPE SPECIFIED' l 

20g0 FORMAT (/,' Sill WARNING tJt1 ROCK ElEVAT ION IN SEGMENT',IS, 
1' IN REACH ' ,IS, ' IS EITHER ZERO OR BlANK - ELEUATION 2ERO WILl 8 
aE USED IN'/' COMPUTATIONS' 5X,11~ < 1Ht >> 

2092 FORMAT( / , ' rATAL ERROR, ROCK ElEVATION IN SEGMENT',IS,' IN REACH' 
1,15, ' IS ABOUE AVERAGE SURFACE ELEUATION' l 
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017650 00.a0 
0171663 0000 
017670 00.a0 
017680 000a 
017690 ~000 
017700 0000 
017710 lt!000 
017720 0000 
017730 0000 
0177~0 0000 
017750 0000 
017760 0000 
017?70 0000 
01 7780 0000 
017.,9e 0000 
017800 0000 
017810 0000 
017820 0000 
017830 0000 
0l7840 0000 
017850 0000 
017860 0000 
017870 0000 
017880 a0e0 
017890 0000 
017900 0000 
017910 0000 
017920 0000 
017930 0000 
0179<40 0000 
017950 0000 
017960 0000 
017970 0000 
017980 0000 
017990 0000 
018000 0000 
018010 0000 
018020 0000 
e18030 0000 
0180~0 0000 
018050 0000 
e18060 0000 
018070 0000 
018080 0000 
018090 0000 
018100 0000 
018110 0000 
018120 0000 
018130 0000 
0181<40 0000 
018150 0000 
018160 0000 
018170 0000 
018180 0000 
018190 0000 
018200 0000 
018210 0000 
018220 0000 



COSTUN Listing (Continued) 

2ti4 ~OR"AT(/ 1 ' **** ~ARNIMG **** CUT AND COVER BOX IN SE~ME~T · ,:s, 
1' IN REA~H ' IS, ' EXCEEDS 100 FEET ' SX ~2 t1H* II 

28i5 ~ORMATC / ,' fATAl ERROAL OPEN CUT B~AC iNC IN SEGMENT' , ! S, ' IN RE~ 
1CH ' IS,' UAS NOT SPECifiED BY USING CCDE ZE~O< OR 8LANK) ,1 2 OR 3 ') 

2181 FOR~ATUL ' FATAL ERROR, BRACING CODE FOR UERTICA!. vPEt. CLot il'l 5E 
1G"£NT ' ,I~, · IN REACH ' ,IS, ' WAS NCT SPECIFIED BV USI~G CODE 1,2,0R 
1 3 ' ) 

2185 ~OR"AT (/ , ' FATAL ERROR, DECKING CODE IN SEGME~T ' ,IS, ' IN REA~H' , 
1IS ' UAS NOT SPECIFIED BV USING CODE ZERO <OR BLAN( I OR 1 ' > 

2115 FO~"AT C /, ' FATAL ERRORL STABitiTV NUMBER IN SEGMENT ' ,IS, ' IN REA 
1CH ' ,IS, ' IS TOO HIGH ~XCAUATION IS IMPOSSIBLE ' I 

2128 FORMAT(/ i ' FATAL ERROR, STABILIZATION METHOD IN SEGME~T ' LI SL ' IN 
1 REACH ' , 5, ' UAS NOT SPECIFIED BV CODE ZERO tOR BLANK 1 ,1,G, 0~ 3 ' I 

2125 FORMAT C/ t ' FATAL ERROR, STABi l iZATION USE CODE IN SEG~ENT ' ,IS, 
1' IN REA~H ' IS, ' UAS NOT SPECIFIED BY CODE 1,2,3, 0R ~ ·1 

2130 FORMAT( / , ' fATAL ERROR, AIR PRESSURE IN SECMENT' ,I5, ' IN REAC~ ' , 
1ISL ' WAS NOT SPECIFIED WHEN STABI LITY NUMBE~ UAS INPUT AND AIR P 
2RE~SURE '/' STABILIZATION SPECIFIED ') 

2135 FORMAT( / , ' FATAL ERROR, STABILITY NUMBER WAS SPEC I~IEC I~ SEGMEN 
1T ' IS ' IN REACH' IS, ' , BUT STABI LIZATION USE CO~E DOES NE 4 '1 

2137 FO~MAf (/ , ' FATAL ERROR, AIR PRESSURE IS SPEC IFIE~ IN SEGMENT ' ,IS, 
1' IN REACH' ,IS, ' BUT STABILIZATION METHOD NOT COMPRESSED AIR ' I 

2140 FORMAT (/ , ' FATAL ERROR, STABILIZATION USE CODE IN SEGMENT ' ,IS, 
1' IN REACH ' ,IS, ' DOES NOT AGREE WITM METHOD SPECIFIED ' l 

2145 FORMAT!/, ' **'*WARNING**** STABILIZATION METHOD Ih SEGMENT ' , 
1IS, ' IN REACH ' ,IS, ' IS NOT ACCEPTABLE ' ,SX,39 C1Hl l) 

2147 FORMAT C/L' FATAL ERROR, INPUT IN SEG~ENT ' ,IS, ' IN REACH' ,I5, 
l' REQUIR~S USE OF AN UNACCEPTABLE STABILIZATION METHOD' l 

Z150 FORMAT !/ , ' FATAL ERROR, TUNNEL SIZE IN REACH' ,IS, ' INDICATES CU 
1T AND COVER SECTION, BUT SHAPE CODE IS NOT ZERO' l 

Z151 FORMAT (/ , ' FATAL ERRORL TUNNE L SHAPE IN REACH' ,IS, ' INDICATES C 
1UT AND COVER SECTION, BUT SIZE IS SPECIFIED IN WRONG COLuMN' l 

2152 FORMAT (/ , ' FATAl ERROR, SHAPE IN REACH' ,IS, ' INDICATES CuT AND 
1COUER, BUT A MUCK TRANSPORT METHOD UAS SPECIFIED ' l 

Z153 FORMAT (/ , ' FATAL ERROR, TUNNE L REACH ' ,IS, ' IS NOT CUT AND COUER 
1, BUT NO MUCK TRANSPORT METHOD WAS SPECIFIED '> 

2155 FORMAT C/ , ' FATAl ERROR, WORK HOURS IN REACH ' ,I5, ' WERE NOT SPEC 
1IFIED BY A NUMBER FROM0 TO 2~ ' I 

2160 FORMAT C/ , ' FATAL ERROR, WORK DAYS IN REACH ' ,IS, ' WE~E NOT SPECI 
1FIED BY A NUMBER FROM ~ TO 7 ' > 

2165 FORMAT (/ , ' FATAL ERROR, ONE OR BOTH BOX DI MENSI ONS IN REACH' , IS, 
1 ' WERE NOT INPUT '> 

2170 FORMAT( / L' ****WARNING ***t TOTAl CLEAR BOX WIDTH IN REACH' , 
liS, ' EXC~EOS ~0 FEET ' ,5X,55 C1Hi ll 

2175 FORMAT (/ , ' FATAL ERRORt OPEN CUT IS SPECIFIED IN REAC H' ,IS, 
1' AND NUMBER Or BOX UN1TS NOT SPECIFIED FOR A SINGLE LEUEL BOX'> 

2180 FORMAT (/ , ' lJJl WARNING**** BOX HEIGHT IN REACH' ,IS, ' IS GRE 
lATER THAN 20 FEET FOR A SINGLE LEUEL BOX' ,5X,3S C1Hi ll 

2185 FORMAT C/ , ' ****WARNING**** TOTAL ClEAR BOX HEIGHT IN REACH' , 
liS ' IS GREATER THAN ~0 FEET FOR A DOUBLE BOX',5X,39 <1Hl )l 

2190 FOkMAT C/ , ' **** WARNING **** DEWATERING MAY BE USED AS A STABI 
lLIZATlON METHOD IN SEGMENT ' ,IS, ' IN REACH ' ,IS, ' AND IMPERUIOUS LA 
2VER IS '/20Xt ' INCORRECTLY PLACED ABOUE THE TUNNEL. ELIMP WILL BE 
JASSUMED AT UNNEL INVERT. ' l 

2195 FORMAT C/L ' FATAL ERRORL COMPRESSED AIR WAS REQUIRED I N SEGMENT' , 
1I5 ' IN "EACH',IS ' ANu TRUCK MUCK TRANSPORT SPECIFIED ') 

2280 FO~MAT C/t ' FATAL ERROR, CAST IRON TUNNEL SUPPORT WAS SPECIFIED I 
1N SEGMEN ' ,IS, ' IN REACH ' ,I5, ' , BUT CIRCULAR SHAPE NOT SPECIFIED '> 
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01a2::0 aa0e 
01a2_.0 0000 
018250 0000 
018260 a0ce 
018270 3300 
018280 0300 
018290 00e0 
318300 0000 
018310 0000 
018320 0000 
018330 0000 
0183-40 0000 
018350 0000 
018360 0000 
018370 0000 
018380 0000 
018390 0000 
018~00 0000 
018~10 0000 
018420 0000 
018-430 0000 
018"~0 0000 
018453 0000 
018~60 0000 
018A70 0000 
018 .. 80 0000 
018~90 0000 
018500 000a 
018510 0000 
018520 0000 
018530 0000 
0185~0 0000 
018550 0000 
018560 0000 
018570 0000 
018580 0000 
018590 0000 
018600 0000 
018610 0000 
018620 0000 
018630 0000 
0186o40 0000 
018650 0000 
018660 3000 
018670 0000 
018680 0000 
018690 0000 
018700 0000 
018710 0000 
018720 0000 
018730 0000 
018H0 0000 
018750 0000 
018760 0000 
018770 0000 
018780 0000 
018790 0000 
018800 0000 



COSTUN Listing (Continued) 

2211 FOR~ATC/L ' FATAL ERRORL SEGMENT ' tiSi ' IN REACH ' ,IS, ' 15 NOT CuT 
1 AND COV~R. BUT NO SHA~E WAS SPE~IF ED 'l 

2212 FOR~AT ( /, 1 FATAL ERRORt SHAPE SPECIFIE~ ~OR SE~ME~T · ,t5 ,' IN ~EA 
1CH' IS, ' IS NOT FOR CU AND COVER ' l 

2283 FORAAT(/t ' **** WARNING **** SOUND ROC< EtEUATIO~ ~IES ABOVE B 
lASE OF THENCH IN SECMENT '

0
IS( ' IN REACH' ti5, ' AND RQD IS BETWEE~ 

225-S8. ' /20X ' ROD MAV BET 0 OW FOR DESiuN AS SOU~C RO~K. l 
228~ FOR~AT C /t ' FATAL ERROR, SOUND ROCK ELEVATION tiES ABOUE BASE or 

1 TRENCH ~N SECMENT ' tiSt ' IN REACH ' t!s0• AND ROD IS tESS THAN 25. '1 
2 13~,' ROD IS TOO toW FOR DESIGN A~ S UND ROCK ') 

22t5 FORMAT (It' FATAL ERROR, DEYATERING MUST BE AL~OWED IN S~OOING CU 
1T SEC~EN ' ,IS, ' IN REACH ' LI5, ' BECAUSE WATER TABLE IS ~BOVE BASE 
cOF TRENCH AH0 '/ 1~X • ABOV~ IMPERVIOUS LAYER '> 

22t7 FOR~ATCit ' FATAL EkROR, SHAFT TYPE IN SEGMENT ' ,IS, ' IN SMAFT ', IS, 
1' YAS NO SPECIFIED BV USING CODE 1,2 OR 3 ' l 

2208 FORMAT CI L' **** WARNING '**** NO METHOD OF EXCAVATI O~ OR LI NIN 
1G TYPE ~~RE INPUT FOR SEGMENT ' ,I5, ' IN SHAFT ' ,l5, ' . A DUMMY SHAFT 
2 IS ASSUMED ' > 

2210 FORMAT!/, ' FATAL ERROR , EXCAVATI ON METHOD IN SEGME~T ' ,45 ,' I N SH 
1AFT ' ,I5, ' DOES NOT MATCH SHAFT TVPE SPECIF!ED ') 

2212 FORMAT!/, ' FATAL ERROR, ROD IN SEGMENT' ,IS, ' IN SHAFT ' ,l5, ' 15 
lLESS THAN c$ IN A ROCK SHAFT. USE SOFT GROUND oq CUT A~~ COVER '> 

2215 FORI'IATCI, ' **** WARNING**** RQO IN SEGMENT ' ,l5, ' IN SHAFT ' ,IS, 
1' IS GREATER THAN 25 FOR A SOFT GROUND SHAFT ' ,5X,30 11Hl l) 

2228 FOR"ATC / , ' FATAL ERROR, LINING TVPE IN SEGMEHT ' ,IS, ' IN SHAFT ' , 
liS, ' DOES NOT MATCH SHAFT TVPE SPECIFIED ') 

2225 FORMAT! / , ' FATAL ERROR, WATERTIGHT LINING REQUIREMENT IN SEGMENT ' 
1,15, ' IN SHAFT ' ,I5, ' WAS NOT SPECIFIED BV USING CODE ZEROC OR BtA 
1NK > OR 1') 

2227 FORMATC / , ' ****REMINDER**** ALL CUT AND COUER SHAFT SEGMENT 
1S ARE DESIGNED AS WATERTIGHT-- INPUT IGNORED IN SEGMENT ' ,I5, 
c ' IN SHAFT ' I5/ 20X ' AND WATERTIGHT DESIGN USED '> 

2238 FORMAT( I L' FATAL EkROR, NO LINING OR SUPPORT WAS SPECIFIED IN SE 
1GMENT ' ,I~, ' I N SHAFT ' ,I5, ' BUT A WATERTIGHT SHAFT WAS SPECIFIED'> 

2235 FORMAT C/ , ' ****WARNING**** ~ROUND WATER ELEVATI ON IN SEGMENT ' 
1,I5t ' IN SHAFT ' ,IS, ' IS EITHER ZERO OR BLANK- ELEVATION ZERO WI 
2LL ~E USED IN '/' COMPUTATI ONS ' ,$~ 11~ C 1Ht >J 

22~8 FORMAT C/L' FATAL ERRORi GROUND WAfER ELEVATI ON LOCATED U IT~I N SE 
1GMENT ' ,I~, · IN SHAFT ' , 5, ' -NEED TO DEFINE HEW SEGMENT AT CUT '> 

22~5 FORMAT CI , ' FATAL ERROR, EFFECTI VE GRAIN SIZE IN SEGMENT ' ,IS, ' IN 
1 SHAFT ' ,I5, ' WAS NOT INPUT '> 

2250 FORMAT (/, ' FATAL ERROR, SOil STRENGTH !PHI ANDIOR COHESI ON> INS 
1EGMENT' ,I5, ' IN SHAFT ' ,IS, ' WAS NOT SPECIFIED '> 

2251 FORMAT(/, ' llll WARNING**** POSSIB LE ERROR IN PERMEABILITY IN 
1 SEGMENT ' ,I5, ' IN SHAFT ' ,IS, ' -INPUT IS GREATER THAN 10 CMI SEC ' , 
a5x 12 C1H* >> 

2252 FORMAT !/, ' **** WARNING lilt FRICTION ANGLE IN SEGMENT' ,I5, ' I 
1H SHAFT ' ,IS ' IS GREATER THAN ~5 DEGREES ' ,5X,35C1Hl ll 

2253 FORMAT( / , ' FATAL ERROR, FRICTION ANGLE IN SEGMENT ' ,IS, • IN SHAFT ' 
1LI5~ ' IS GREATER THAN 100 . CHECK FOR NUMBER SHIFTED ON DATA CARD '> 

225~ ~OR~AT I/ , ' FATAL ERROR, UN IT WEI GHT OF SOIL IN SEGMENT' ,IS, ' IN 
1SHAFT ' ,I5, ' IS TOO LARGE FOR SOI L OR POOR ROCK'> 

2255 FORMAT C/L' FATAL ERROR, DEWATERING REQUIREMENT IN SEGMENT' (IS, 
1' IN SHA~T ' ,IS, ' UAS NOT SPECIFIED BV USING CODE ZERO COR BANK > 
cOR 1') 

226e FORMAT( / , ' ****WARNING llll IMPERVI OUS LAVER ELEVATION IN SEC 
1MENT ' 1 I5L ' IN SHAFT ' ,ISL ' IS EITHER ZERO OR BLANK- ELEVATION ZER 
20 Wit~ 8~ USED ' / ' IN COnPUTATIONS' ,SX,111 C1Hl l) 
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918810 0000 
018820 G000 
0181330 0000 
01a9~0 0000 
018850 G000 
018860 0000 
018870 0000 
018880 0000 
0188510 0000 
0185100 0000 
018910 0000 
018920 0000 
018930 00a0 
018i~0 0000 
018950 00a0 
01896e 00a0 
018~70 0000 
018980 0000 
018990 0000 
01g0Ge 0a0e 
01~e1e 0000 
019020 0000 
019030 0000 
0190~0 0000 
019050 a0e0 
019060 0000 
019070 0000 
019080 0000 
0190S0 0000 
019100 0000 
019l10 0000 
019!20 0000 
019130 0000 
0191•0 0000 
019~50 0000 
019160 0000 
019170 0000 
019180 0000 
019190 0000 
019200 0000 
019210 0000 
019220 0000 
019230 0000 
0192~0 0000 
019250 0000 
019260 0000 
019270 0000 
019280 0000 
019290 0000 
019300 0000 
019310 0000 
019320 0000 
019330 0000 
0193~0 0000 
019350 0000 
019360 0000 
0151370 0000 
019380 0000 



COSTUN Li s ting (Continued) 

22&2 FOR"ATtt,' FATAL ERROR1 IMPERviOUS LAYER ELEv~·IoN i~ SEGMENT ' ,IS 
1 ' IN SHAFT',IS, ' IS A~OVE BASE OF SEGMENT. NEED TO DEFI~E NEU I 
2~PERVIOUS't ' LAVER BELOU SEGMENT OR D~FINE NEU SEC"ENT AT IMP£R~I 
JOUS LAVER' > 

2265 FORMATCtt' FATAL ERROR1 SUPPORT TYPE IN SOFT GROUND SEG"ENT · ,:s, 
1' IN SHAfT' IS, ' UAS NuT SPECIFIE~ JV CODE 1 2 3,~ OR 5'> 

2271 FOR~ATCI~' fATAL ERROR, SUPPORT TvPE IN SEGMtH+ ', I~, · IN SHAF~ · . 
liS ' DOE~ NOT MATCH SHAFT TVPE SPECIFIED '> 

2275 FO~MATCIL ' FATAL ERRORL LINING TVPE IN SEGMENT ' ,I5, · Ih SHAFT·, 
liS ' DOE~ NOT MATCH SU~PORT TVPE SPECIFIED '> 

2285 FO~~ATCI,' FATAL ERRORL STABILITV HUMBER IN SEGMENT ' ,I5, ' IN SHA 
1FT ',I5,' IS TOO HIGH ~XCAVATION IS IMPOSSIBLE '; 

22~e FORMATtt, ' FATAL ERRORL STABILIZATION METHOD !N SEGMENT ' ~I5L ' IN 
1 SHAFT ' ,LS, ' WAS NOT S~ECIFIED BV CODE ZERO <OR BLAN( l ,l,~,O~ 3' l 

22~5 FORMATCIL' FATAL ERROR, STABILIZATION USE CODE IN SECMENT',IS, 
1 ' IN SHA~T ' IS, ' UAS NOT SPECIFIED BV CODE 1,2 3,0R ~ · l 

2300 FORMATCt, ' fATAL ERROR, AIR PRESSURE IN SEGMEN4 ' ,I5, ' IN SHAFT', 
liS,' WAS NOT SPECIFIED WHEN STABILITV NUMBER WAS INPUT A~~ AIR P 
2RESSURE' t' STABILIZATION SPECIFIED ' l 

2306 FORMATCti ' FATAL ERROR, STABILITV NUMBER UAS SPECIFIED IN SEGME~ 
2307 1~~~~~t ~~ .~ f~*~l ' t~~6~1 8~IRs~~~§~~~~Ti~Ns~~~I~~~5 ¥~E~E~~E~~ ~ .1s, 

. 1' IN SHAFT ' , IS,' BUT ~TABILIZATION ~ETHOD NOT COMPRESSED AIR ' l 
2310 FORMAT Ct , ' FATAL ERROR, STABILIZATION USE CODE IN SEGMENT ' ,IS, 

1' IN SHAFT',IS, ' DOES NOT AGREE WITH METHOD SPECIFIED ' l 
2315 FORMAT CI1 ' IJII WARNING 1111 STABILIZATION METHOD IN SEGMENT ' , 

1IS, ' IN ~HAFT ' ,IS ' IS NOT ACCEPTABLE ', 30<1HI )J 
2320 FORMAT Ct , ' FATAL ERROR, I~PUT IN SECMENT',IS, ' IN SHAFT ' ,l5, 

1 ' REQUIRES USE OF AN UNACCEPTABLE STABILIZATION METHOD 'l 
2325 FORMAT Ct , ' FATAL ERROR! SHAPE IN SHAFT ' ,IS, ' UAS NOT SPECIFIED 

1BY USING CODE ZERO COR ~LANK l ,l,OR 2 'l 
2327 FORMAT Ct , ' **** RE~INDER llll SHAFT ', I5, ' IS A DUMMv. IT HAS 

1HO CONSTRUCTION COST'> 
2330 FORMAT Ct , ' FATAL ERROR, SHAFT SHAPE IN SHAFT',IS,' I~DICATES A 

1DUMMY SHAFT BUT A SIZE IS SPECIFIED '> 
2332 FORMAT CI~ ' FATAL ERROR, SHAFT SIZE IN SHAFT ' ,I5, ' INDICATES AD 

1UMMY SHA~T, BUT SHAPE CODE IS NOT ZERO 'l 
2335 FORMATC/, ' FATAL ERROR, WORK HOURS IN SHAFT ' ,I5, ' WERE NOT SPEC 

1IFIED BV A HUMBER FROMe TO 2~ ' l 
2348 FORMATC I , ' FATAt ERROR, WORK DAYS IN SHAFT ', I5, ' WERE NO~ SPECI 

1FIED BV A HUMBER FROM ~ TO 7' > 
2345 FORMAT <tt ' FATAL ERROR, SEGMENT ' ,IS, ' IN SHAFT ' ,IS, ' :s ·~ROCK 

1 BUT SHA~E IS SQUARE ' l 
2350 FORMAT Ct , ' FATAL ERROR, CAST IRON SHAFT SUPPORT WAS SPE~IFIED IN 

1 SECMENT ' ,IS, ' IN SHAFT ' ,IS, ' , BUT CIRCULAR SHAPE NOT SPECIFIED'> 
2355 FORMAT <t , ' FATAL ERROR, CIRCULAR SHAPE WAS HOT SPECIFIED FOR MOL 

lED E~CAUATION IN SEGMENT ',IS, ' IN SHAFT ' ,IS> 
c ------------------------------------------------------------------c 
c 

END 
SUBROUTINE SFTSETCA,B,CNP,SHAFT,TRDATA,NTSMAX,NSSMAX,NPMAX,NSMAX, 

lHTRMAX l 
c ------------------------------------------------------------------
c ------------------------------------------------------------------c 
C THIS SUBROUTINE WILL CREATE AN ARRAV CALLED SHAFT WHICH CONTAINS 
C ~ERTIHENT SHAFT INFORMATION 
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ASS 

019390 00~0 
019~ee 0030 
019~1~ 0000 
019420 0000 
(l19430 0000 
019~~0 a0ae 
~19~50 0000 
31!1~60 0000 
019470 0000 
01~480 ee00 
019~90 0000 
a~9500 0000 
019510 0000 
019520 0000 
3~9530 0000 
0195~0 0000 
019550 0000 
019560 0000 
019570 0000 
0~9580 0000 
019590 0000 
019600 0000 
0:9610 0000 
3:9620 0000 
019630 0000 
019640 0000 
019650 0000 
0!9660 0000 
019670 0000 
019680 0000 
019690 0000 
019700 0000 
019710 0000 
019720 0000 
019730 0000 
0197~0 0000 
019750 0000 
019760 0000 
019770 00e0 
019780 0000 
01n9e 0000 
019800 0ee0 
019810 0000 
019820 0000 
019830 0000 
019840 0000 
019850 0000 
019860 0000 
019870 0000 
019880 0000 
019890 0000 
019900 0000 
019905 
019910 0000 
01992e 0000 
019930 0000 
01994e 0000 
019SJSe 0000 



c 
c 
c 
c 

c 
c c 
c 

c 
c 

c 
c 
c 
c 

c 
c 

c 

COSTUN Listing (Continued) 

------------------------------------------------------------------------------------------------------------------------------------CO~MON /BASICI NSS,HTS 
CO~MON 1A/ lOLLILPM,OMLLIST < ~0 l ,irTLE < 160 l ,STA8EG,lTYPE 
co"~N I F I IEMROM,ISTOP 
DIMENSION A<NTSMAX,68 l ,8 C NSSMAX,~3 > ,CNP <NPMAX,2 > ,SMAFT C NS~AX ,23 , , 

1 TRDATACNTRMAX,cJ) 
------------------------------------------------------------------
INITIALIZE 

NPT•B <1.3 l 
NPB•B <L4 l 
NSECS•0 
1•1 
NSSEC1•1 
------------------------------------------------------------------

10 IP•I 
I•I+1 
NSECS•NSECS+1 

CHECK FOR LAST SHAFT SEGMENT CARD 
IF <I.CT . NSS l GO TO 30 

SEE IF PREVI OUS SEGMENT WAS IN SAME SHAFT AS THI S SEGMENT 
Ir <B<ILl l .EQ . B<IP,l ll CO TO 20 
GO TO .:10 

20 NPB•B < I.~ l 
CO TO 10 

30 HSHAFT•B <IP 1 > 
SHAFT <NSHAFf,1 l •NSSEC1 
SHAFT <NSHAFT,2 l • NPT 
SHAFT <NSHAFT,3 l •NPB 
SHAFT < NSHAFT,~ l •NSEGS 
IF<I.GT.NSS > CO TO <49 
NPT•B <I, 3 > 
NPB•B < I,~ l 
NSSECl•I 
NSECS•6 
CO TO 10 

-40 CONTI NUE 
CHECK FOR SHAFTS CONTAINING BOTH CUT AND COVER AND NON- CC SEGMENTS 
DO see NSHAFT• l ,NSMAX 
IFCSHAFTCNSHAFT,l l .LT . -10.£29 > CO TO 800 
NSSEG1•SHAFT CNSHAFT,1 l 
NSECS•SHAF TC NSHAFT,~ > 
00 700 J•1, NSECS 
NSST~P•B < NSSEG1,15l 
IF <J. EQ.l ) CO TO 700 
IF<NSSTYP.LT.3 > GO TO 700 
SEGMENT IS IN CUT AND COVER 
IFCNSST~P.EQ.BC NSSEG1- 1 ,1S >>CO TO 700 
ISTOP•1 
NSSEC•B <NSSEC1,2> 
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0151960 aee0 
01515173 G000 
0151Sisa 0000 
G19SISI0 0000 
020000 0000 
020010 0000 
020020 0000 
020030 0000 
0200~0 0000 
020050 0000 
020060 000a 
020070 0000 
01:0080 0000 
020090 0000 
020100 0000 
020110 0000 
020120 0000 
020130 0000 
0201~0 0000 
020150 0000 
e201s0 0000 
020~70 0000 
020180 0000 
020190 0000 
020200 000e 
e20210 0000 
020220 0000 
020230 0000 
020240 0000 
020250 0000 
020260 0000 
020270 0000 
020280 0000 
020290 0000 
020300 0000 
020310 0000 
020320 0000 
020330 0000 
0203<40 0000 
020350 0000 
020360 0000 
020370 0000 
020380 0000 
020390 0000 
020~0e 0000 
020~10 0000 
020~20 0000 
020~30 0000 
020<4~0 0000 
020~50 0000 
020460 0000 
020~70 0000 
020~80 0000 
0204510 0000 
020500 0000 
020510 0000 
020520 0000 
02e5J0 0e00 



COSTUN Listing (Continued) 

URITE<l0,1088 ) NSSEC,NSHAFT 
7te NSSEG1•NSSEG1+1 
let CONTINUE 

c ------------------------------------------------------------------c CHECK FOR AN¥ STO~S FOUND 
IF C ISTO~ . EQ.0 > RETURN 

C FATAL ERRORS DETECTED . TERMINATE RUN AND GO TO NEXT DATA DECf. 
WRITE < LO, 2000 > 
CALL NEXSET <LO, Ll l 

c ------------------------------------------------------------------1118 FORMAT C/L' FATAL ERROR, SEGMENT ' ,IS,' I~ SHAFT ' ,IS, ' IS INC~! 
lAND COVEK,BUT NOT ALL OTHER SECM~NTS ARE '> 

2800 FORMAT (///,1Xt119 C 1Hl >,/2SX, ' ~ROCRAM STO~~ED BECAUSE OF ERRoqs I 
1N SUBROUTINE ~FTSET ' 1 / lX,11911Hl ll 

c ------------------------------------------------------------------c ------------------------------------------------------------------c 
RETURN 
END 
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0205-'0 ae00 
a2a550 ae00 
020560 oae0e 
020570 0ee0 
020580 ae00 
320590 a0e0 
020600 00e0 
020610 0000 
020620 0000 
020630 0000 
0206-40 0000 
020650 0000 
020660 0000 
020670 0000 
020680 0000 
020690 0000 
020700 0000 
020710 0000 
020720 0000 



c 
c 
c 
c c 
c 

c 
c 
c 

c 
c 
c 
c 
c 

c 

c 
c c 
c 
c 
c 

COSTUN Li s t ing (Cont inued) 

END 02012~ 0e00 
SUBROUTINE lENQTH CA,B,CNP,SH~rT,TRDATA,CU~Sl,NTSMAX,~SS~~X, ~20730 0000 
1NP"AX,NS~AX,NTRMAXl 020?35 
------------------------------------------------------------------ 0207~0 0000 
------------------------------------------------------------------ 0201se 0000 THIS SUBROUTINE CAlCUlATES All SEGMENT lE~GHTS A~D MUC( TRA~SPO~T 020?60 0000 
DISTANCES 020?70 0000 
------------------------------------------------------------------ 020780 0009 
------------------------------------------------------------------ 0201ge eeee COMMON /BASIC/ NSS,NTS 020800 0000 
COMMON /A/ lO,li,P~.OM,liSTC~0 l ,TITlEC160 l ,STABEG,ITYPE 020810 000e 
COMMON /r/ IERROR,ISTOP 020820 0000 
DI~ENSION ACNTSMAX,68l,BCNSSMAX,~J l ,CNP C NPMAX,2 > ,SHArT C NS~AX,23 l , 020830 0000 

1 TROATACNTRMAX,23 l ,CUMSl<NPMAX l 0208~0 0000 
------------------------------------------------------------------ 020850 0000 
------------------------------------------------------------------ 020860 0000 CAlCUlATE SHAFT SEGMENT LENGTHS 020870 0000 
DO 20 I•1,NSS 020880 0000 
NPT•BCI,Jl 020890 0000 
NPB•BCI,4l 020900 0000 
ELNPT•CNPCNPT,2 > 020910 0000 
ElNPB•CNP<NPB,2 l 020920 0000 
SSEGL•ELNPT-ElNPB 020930 00e0 

20 8CI,35l•SSEGL 020940 0000 
------------------------------------------------------------------ 020950 0000 

020960 0000 
CALCUlATE SHAFT HOISTING DISTANCES FOR EACH SEG~ENT AND EACH SHArT 020970 0000 
SUM .•..•.... RUNNING SUM Or SHAFT SEGMENT LENGTHS IN SHArT I 020980 0000 

DO 50 1•1 NSMAX 
IrCSHAFT<i,1l.LT.-10.E29> GO TO 50 
NSSEG1•SHAFT CI,1> 
NSEGS•SHAFT<I.~ > 
SU"•0. 
00 ~0 J•l,NSEGS 
SSEGL•B<NSSEG1 1 35l 
HH•SUM+.SlSSEG~ 
B<NSSEG1,36 l•HH 
SUM•SSEGt+SUM 

~0 HSSEG1•NSSEG1+1 
SHAFT<I,Bl•SUM 
CHECK rOR SHArT DEPTH GREATER THAN 3000 FEET 
IrCSHAFTC I,8l.GT.3000. > URITE Cl0,1071 l I 

50 CONTINUE 

02e9g0 0000 
021000 0000 
021010 0000 
021020 0ee0 
021030 0000 
021040 0000 
021050 0000 
021060 0000 
021070 0000 
021080 ee0e 
021090 0000 
021100 0000 
021110 0eee 
021120 0000 
021130 0000 
0211~0 0000 

------------------------------------------------------------------ 021150 0000 CALCULATE ACTUAL TUNNEL SEGMENT lENGTH <LENGTH AlONG THE SEGMENT >. 021160 0000 
AS AH INTERMEDIATE STEP CALCULATE THE STATIONING OF THE TUNNEl 021170 0000 
NODAl POINTS ALONG THE lENGTH OF THE SEGMENTS CNOT THE HORIZONTAl 021180 0000 
LENGTH>, AND THEN CAlCUlATE HORIZONTAl STATIONING 021190 0000 

021200 0000 
STA•STABEG 021210 0000 

~~~sf~~PE~-0.e :~i~~= :::: 
CNPCHPl,1 >•STABEG 0212~0 0000 
DO 60 I•l,NTS 021250 0000 
TS£Gl•A<I,45l 021260 0000 
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H~t·A<I,2 > 02~210 a000 
H~R•A<I.3> 0212s0 a000 
ELHPL•CNP<HPL,2l 02:290 ~00e 
ELNPR•CHP I H~R,2l 921~00 ~000 
SEQL•SQRTC<ELNPL-ELNPR >li2+TS£GLIS2 > 32:310 a000 
CU"SLCHPR>•CUMSL<NPL>+SEGL 321320 a000 
STA•STA+TSEQL 021330 a000 

C THE NEXT STATEMENT CONVERTS TSECL ~ROM HORIZ. TO TRUE LE~GT~ 021340 0000 
TSEQL•SECL 021350 0000 
A<I.45l•TSEGL 021360 3000 

60 CNPCNPR,1>•STA 021370 0000 
c ------------------------------------------------------------------ 021380 9000 c 02!390 0000 
C CALCULATE AVERAGE MUCK TRANSPORTATION DISTANCES AND SLOFES lTO 321400 0000 
C MIDPOINT Or SEGMENTS> USING NODAL POIN~ STATIOHIHC 021410 0000 
c 021420 0000 

DO 70 I•1,NTS 321430 0000 
NPL•ACI,2 l 321440 0000 
NPR•A<I,3l 321450 0000 
ELNPL•CNPCNPL,2 l 021460 000a 
ELNPR•CNP CNPR,2l 021470 0000 
NREACH•ACI,4 l 321480 0000 
NSHA~T•TRDATACNREACH,1 l 021490 0000 
NPBS•SHArT < NSHA~T,3> 021500 0000 
ELNPBS• CNPlNPBS 2 l 0E1510 0000 
DM•ABS<CUMSL <NP6S J-<CUMSL<NPL J+CUMSL<NPq ll12. l15280 . 021520 0000 
RL•DMl5280.•ABS <CUMSL CNPL>-CUMSL lNPR ll12. 021530 0000 

C CHECK rOR REACH LENGTH GREATER THAN 105600 ~EET < 20 MILES> 021540 0000 
Ir<RL.GT.105S00. l URITE<L0,1061> NREACH 021550 0000 
Ali 46 l •DM 021560 0000 

C CAL~ULATE ELEVATION Dir~ERENCE rROM BASE Or SHA~T TO SEC. MIDPOINT 021570 0000 
ELEV•ELNPBS-l£LNPL+ELNPR >I2. 021580 0000 
HSLOPE•ELEU I SQRT C< DM15280. lJJ2-E~EUl12l 021590 0000 

70 A<I,47 >• HSLOPE 021600 0000 
c --------------------------------------------------------- --------- 021610 0000 C CHECK rOR DUMMV SHA~T ADJACENT TO AT LEAST ONE CUT AND COVER REACH 021620 0000 

DO 200 I•t,NSMAX 321630 0000 
Ir<SHArT I IL1 l. LT.-10.E29> GO TO 200 021640 0000 
ISHAPS•SHA~T <l ,16l 021650 0000 
l~ C ISHAPS.NE.0 l GO TO 200 021660 0000 
N~ORT•SHArTCI,23 l a21670 0000 
Ir l NPORT.EQ.l l GO TO 200 021680 0000 
NPBS•SHArT<I,3 l 021690 0000 
STA•CNP CNPBS,1 l 021700 0000 
IF<STA.CT.STABEC > GO TO 100 021710 0000 
NTSTVP•Ail 16 > 021720 0000 
I~<NTSTVP.t0.3l GO TO 200 021730 0000 
GO TO 175 021740 0000 

100 STA•STA-1.0 021750 0000 
IJK•0 021760 0000 
DO 150 J•1,NTS 021770 0000 
NPL•ACJ,2 l 021780 0000 
NPR•A<J,3> 021790 0000 
l~CSTA.CT.CNPCNPL,1l.AND.STA.LT.CNP C NPR,1ll CO TO 160 0

0
2
21

18
8
0
1
0
0 

0
0
0
00

0
0
0 

150 CONTINUE 
160 NTSTVP•A<J 16l 021820 0000 

IrCNTSTVP.t0.3 l GO TO 200 021830 0000 
IF<J.EQ,NTS l GO TO 175 021840 0000 
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NTSTVP•A<J+1,16l 
IF<NTSTVP.EQ.Jl GO TO 200 

176 IERROR•1 
URITE<L0,2ttel I 

288 CONTINUE 
c ------------------------------------------------------------------1861 rOR~AT(/t' 1111 YARNING 1111 TOTAL ~ENQT~ Or AEACH',I5,' EXCE 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 
c 

c 

SEDS 28 MlLES',5X,51<1Hill 
1071 FORMAT(/,' 1111 YARNING Ill& SHAFT',I5, ' IS OVER 3000 FT tEEP · 

1 SX,63< H.jJ l l 
2000 foRMAT(/ 1 ' FATAL ERROR, SHAFT',l5,' IS A DU~MY SHAFT, BUT T~ERE 

1 ARE NO ADJACENT CUT AND COUER REACHES ' l 
RETURN 
END 
SUBROUTINE INOUTCI,A,B,CNP,SHAFT,TRDATA,NLINES,IP,NTSMAX,NSSMAX, 

1NPMAX,NSMAX,NTRMAX l 
------------------------------------------------------------------------------------------------------------------------------------
THIS SUBROUTINE LISTS OUT THE I~PUT DATA 
SEGMENTS ARE LISTED IN THE ORDER OF APPEARANCE ALONG TME Rou•E 

I• SEGMENT SEQUENCE NUMBER, NUMBER IN ORDER OF APPEARANCE 

------------------------------------------------------------------------------------------------------------------------------------
COMMON /BASIC/ NSS,NTS 
COMMON / A/ LO,LI,PM,OM,liSTC40 l ,TlTLE C1 60 l ,STABEG,ITVPE 
DIMENSION A<NTSMAX,68 l,8 CNSSMAX,43 l, CNPCNPMAX,2 l ,SHArTCNSMAX,23l, 

1 TRDATACNTRMAX,23l 
DIMENSION FMT1 C21 l,FMT2<15 l ,FMT3C7 l, FMT4 C20 l,FMTSC13l 
*************************************'**************************** DOUBLE PRECISION STATEMENTS ARE REQUIRED FOR LITERALS HAUING 
5 TO 8 CHARACTERS ON COMPUTERS THAT HAVE 4 CHARACTERS PER WORD, 
SUCH AS THE IBM 360 FORTRAN IV COMPILER. 
REMOUE THE FOLLOWING DOUBLE PRECISION STATEMENTS FOR COMPUTERS 
THAT HAUE 6 CHARACTERS PER WORD SUCH AS THE UNIVAC 1108, 
FORTRAN U COMPILER. 
All LITERALS IN THIS SUBROUTINE HAUE A MAXIMUM Or 6 CHARACTERS 
TO BE COMPATABLE WITH BOTH SYSTEMS. 
DOUBLE PRECISION BLANK,CONU,TMOLER,TMOLES,HANDS,RIPPER,VERTCC, 

lSLOPCC,HORSE,BASKET,CIRCLE,BOX,TWOBOX,SOUARE,CONVYR,TRUCK,TRAIN, 
2CONTRK,TNONETWET,DRV,ANO,VES,CIRSEG,CONSEG,STLSEG,STLSET,SOLDER, 
3SLURRV,OPENC ,AIRPRS,DEUATR,GRDINJ,USENO,PRErNO,STRUT,ANCHOR, 
4STRANC 

DOUBLE PRECISION SHAPE,REMK,EXCAU,WTLIN,AR,TL,HOURS,DAYS,SUPORT, 
1DUATER,STABIL,GAMMA,PERM,STABNO,AIRPR,DECK,BRACE,BFT,EXMS, 
2SHAPS GRDU 

REALtS JBLANK,NONE,ISHOT,ICONC,IPREC,IFNEC,MUSTUS,l USE,LTVP 

····································••**************************** CHARACTERt6 FM1/ ' 2X,A6, '/ ,FM2/ ' A5, '/ ,FM3/'A5 l'/ ,FM4/ 
1'<1X,Ao4 '/ , 
1FMS/'1X,A4,'',rM6;'SX,A4,'/,FM7/'1X,A6,'/,FM8/'4X,A6, '/, FM9/ ' ~6, •; 
2LFM10/'A6l'/,FM11/' C1X,I4'/LFM12/'F8.1,'/,FM13/' F5.1, '/ , 
3~1U4/'F5.1 l'/,FMlS/'15, •; ,Fn16/ ' 3X,I6, '/ ,FM17/'F7.1, •; , 
4FM18/'E1e.2,';,FMl~/ ' F6.l, '; ,FM20;'F6.1 l'' •FM21/'F7.2, '/ , 
SFM22/'3X,A4, '/ ,FM23/ ' I7,•; 
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e21ssa 0000 
e21a6a 0000 
G21870 0000 
021880 0000 
021a9e 000a 
021900 0003 
021910 0ri:l00 
021920 0000 
021930 0000 
021940 0000 
021950 0000 
021960 0000 
021970 0000 
021980 0000 
021990 0000 
021995 
022000 0030 
022010 0000 
022020 0000 
022030 0000 
022040 0000 
022ese 0000 
022060 0000 
022070 0000 
022080 0000 
022090 0000 
022100 0000 
022110 0000 
022120 a0e0 
022130 0000 
022140 0000 
0221s0 0000 
022160 0000 
022110 0000 
022180 0000 
022190 0000 
022200 0000 
02221e 0000 
022220 0000 
022230 0000 
022240 0000 
022260 0000 
022270 0000 
022280 0000 
022290 0000 
022300 0000 
022310 0000 
022320 0000 
022330 0000 
022340 0000 
022370 0000 
022380 0000 

0223!il0 0000 
022 .. 00 0000 
022410 0000 
022 .. 20 0000 
022430 0000 



c 

c 

c 

c 
c 
c 

c 
c 

COSTUN Listing (Continued) 

1 9~~~~:!ER*' F'I'ITli' C 1X,H ' , ' ,IS, ' , ~ Is, · , · rs, · . ~ xs, · . · n,ax, · , · As, •, aa2 .. 40 e0ee 

1 , • 2x, A&, I • • 2x, A& L ' , 'FS • 1 L ' , ~ Jx, 1 s, · , • ! s, • , • r s, ' I • r 5, • I • 2x, Ati, • , 
2 1F'S.l ' 1A6, ' •F-r.1, ' , ' F'I:).1 ~ ' F'5.1 l'l 

CHARAtTtRJ6 F'MT21'C 10X, ' , ' IS,iS, ' , ' E10.2,' , ' F7.1 ,' , FS.0, · , 
1'F?.0, ' , 
1 IE 10.2, , , ' I 5, ' I I A6, ' ' • FS. 1, • • ' 2)(, A6. I • • F6. 1, ; , I 1 )( , '16, I , ' 1 X. A6. ' , 
2 1 F6.1> 1 1 

CHARACTER16 F~T31'C 10X, ' , ' F7 .1, ' , ~ 1X,A6, ',' 2X ,A6, · , IS,' , ' F9.2, · 
1 'F7. 2 ) I I 

CHARACTER*& F~T41'< l><,I4 ' , ' ,IS~ · , · ts, · , · ts, · ~ ' 2X,A6, ' , ' F6.2, ' , 
l 1 1X,A6, ' , 

a2c4Se 00ae 
a22460 0eee 
022470 0000 

a224B0 00ee 
022490 0000 
022500 000 

022s1e 00ee 
1'F8.1, ' , ' 3X,I6, ' L' I5, ' 1 ' A6, ' , ' A6, ' , ' F6.1. ' , •A6, ' , ' F7,1. ' , ' l8, ' 1 022520 00e0 
2'17 ~, · Fg.1, ' , ' F'b.1 ' , ' F'5.1 l'1 322530 0000 

cHARACTER•& FMTSI'< a0x, ~ ~ ' F7.1, ' , ' F5 . 0, ' ~ ' F7.ei· . · E 10.2, ' , 022540 0000 
1'E10.2, ' , 
1 ' 4XIA6, ' , ' F8.1 1' , ' 2X,A6, ', 1F6 . 1, ' , ' 2X,A6, ' , ' 1X,P6, ' , ' F6.! l'l 022550 0000 
---------------------------------------------- - - ------------------ 022560 0000 DATA BLANK/' 'I ,JBLANKI' 'I ,IBLANKI' 'I 022570 0000 
DATA CONVI' CONV 'I ,TMOLERI' MOLER 'I, TMOLESI'MOLES 'I ,HANOSI' HAN~ 022580 0000 

1S 'I ,RIPPERI' RIPPER 'I , VERTCCI'VERTCC'I ,SLOPCCI'SLOPCC'I 022590 0000 
DATA HORSEI' HORSE 'I ,BASKETI' BASKET 'I , CIRCLEI'C IRCLE 'I ,BOXI' BOX 022600 0000 

1 ' 1 TUOBOXI' TWOBOX'I ,SQUAREI' SQUARE 'I 022610 0000 
DAfA CONUYRI'CONVVR'I ,TRUCKI' TRUCK 'I, TRAI NI' TRAIN 'I , CONTRKI'CONT 022620 0000 

1RK '/ 022630 0000 
DATA NONE/' NONE 'I , TNONEI' HONE 'I 022640 0000 
DATA ISHOTI' SHOT 'I,ICONCI' CONC 'I , IPRECI' PRECST'I 022650 0000 
DATA UETI' UET 'I ,DRYI' DRY 'I 022660 0000 
DATA ANOI' NO 'I , VESI' YES 'I 022670 0000 
DATA CIRSEG/'C lRSEG'I , CONSEGI'CONSEG'I, STLSEG/' STLSEC 'I ,STLSETI ' S 022680 0000 

1TLSET 'I ,SOLDERI' SOLDER 'I ,SlURR VI'SlURRY'I , OPENCTI'OPENCT'I 022693 0000 
DATA AIRPRSI'AIRPRS'ILDEUATRI' DEWATR 'I ,CRDI NJI' GRDINJ'I 022700 0000 
DATA USENOI'NO USE 'I ,~REFNOI' NOPREF 'I 022710 0000 
DATA IF'NECI ' IF NEC 'I ,MUSTUS;• MUST 'I 022720 0000 
DATA STRUTI ' STRUT 'I ,ANCHORI'ANCHOR '/,STRANCI' STRANC 'I 022730 0000 
-------------------------------------------------- ---------------- 0227~0 0000 Ir<ITVPE.E0 . 2 l CO TO 150 022750 0000 
IF CLIST C2J.£Q.0 l GO TO 10 022760 0000 
SET VALUES OF GAMMA, PERM, HOURS AND DAVS IF NOT INPUT 022770 0000 
MREACH•A < I.~ > 022780 0000 
MTSTVP•A CI,16 l 022790 0000 
IF C NTSTYP. EQ. 1 > GO TO 5 022800 0000 
IF CACI,22 J. tT.0.1 > A<I,22 l •120 . 022810 0000 
!F CAC1,25 l .GT,10.E-10 > PERM•-A CI,25 > 022820 0000 
D10•ACI,19l 022830 0000 
IF CACI,25 l .lT.10.E-10 l PERM•D10~S21 10. 022840 0000 
ACI,25 J•PERM 022850 0000 

5 CONTINUE 022860 0000 
IFCTRDATA CNREACH,8 J.LT .0.1 l TRDATA C NREAC~.B l •2~. 022870 0000 
IF<TRDATA CNREACH,9 l .LT.0.1 l TRDATA CNREACH,9 l •6.0 022880 0000 
RETURN 022890 0000 

022900 0000 
022910 0000 

-------------------------- ------ ----- ----------------------------- 022920 0000 10 NliNES•NLINES+l 
IFCNliHES.LE.~0 l GO TO 30 
WRITE OUT COLUMN HEADINGS FOR TUNNEL SEGMENTS 
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022g3e 0000 
022940 0000 
022950 0000 
022960 0000 



c 
c 
c c 
c 

c 
c 

c 
c 

c 
c 

c 
c 

c 

COSTUN Listing (Continued) 

WRITECt.0,1tttl 
WRITE C t0,1111 l 
loiRITECL0,1t02l 
NLINES•t 

3t HIIIEACH•AC 1.<4) 
NTSEG•ACI 1l 
NSHAFT•TR5ATACNREACM,1l 
IFT•TRDATA<NREACH,2l 
IFIR•IP 
------------------------------------------------------------------FIND THE HORIZONTAL SEG~ENT LENGTH OF EACH SEGMENT, MSEGLL 

<HORIZONTAL SEGMENT LENGTH AS GIVEN IN THE INPUT 
MUST BE CALCULATED SINCE IT WAS PREVIOUSLV DESTROVE' ~HEN 

IT WAS CONVERTED TO LENGTH ALONG THE SEGMENT, TSEGLCi ll 
NPL•AC I ,2 l 
NPR•A CI 3l 
SEGL•CN~CNPR,ll-CNPCNPL,1l 
LSEGL•SEGL 
------------------------------------------------------------------FIND ALPHA NAME FOR SHAPE 

40 ISHAPE•TRDATA CNREACH,3l 
IBOX2•TRDATA CNREACH,l3l 
IFCISHAPE.EQ.0 l SHAPE•BOX 
IFCISHAPE.EQ.0.ANO.IBOX2.EQ.l l 
IFCISHAPE.EQ.l l SHAPE•CIRCLE 
IFCISHAPE.EQ.2 l SHAPE•HORSE 
IF CISHAPE.EQ.3 l SHAPE•BASKET 

SHAPE•Tt.IOBOX 

------------------------------------------------------------------FINO THE ALPHA NAME FOR THE LINING TVPE 
LIIWiG•ACI 10l 
IF C LINING.~Q.0l LTVP•NONE 
IF CLINING.EQ.1 l LTVP•ICONC 
IFCLINING.EQ.2l LTVP•ISHOT 
IF CLINING.EQ.3 l LTVP•IPREC 
IFCLINING.EQ.<4 lLTVP•IPREC 

022~10 a000 
e229ae 0000 
022990 0000 
023000 0000 
023019 0000 
0230:0 0000 
023030 0000 
023040 0000 
023050 0000 
e23ese 00ee 
023070 0000 
023080 0000 
023090 0000 
023100 0000 
023110 0000 
023120 0000 
023130 0000 
0231~0 0000 
023150 0000 
023160 0000 
023170 0000 
023180 0000 
023190 0000 
023200 0000 
023210 0000 
023220 0000 
023230 0000 
0232<40 0000 
023250 0000 
023260 0000 
023270 0000 
023280 0000 
023290 0000 
023300 0000 

------------------------------------------------------------------ 023310 0000 FINO ALPHA NAME FOR MUCK TRANSPORT METHOD 023320 0000 
50 ~T~•TRDATA<NREACH,<4l 023330 0000 

IFCMTM.EQ.tl REMK•TRUCK 0233~0 0000 
IFCMTM.EQ.2l REMK•CONVVR 023350 0000 
IFCMTM.EQ.3) REMK•TRAIN 023360 0000 
IFC~T~.EQ.4 l REMK•CONTRK 023370 0000 
------------------------------------------------------------------ 0233Se e0ee FINO ALPHA NAME FOR METHOD OF EXCAVATION 023390 0000 

60 MEX•A CI 7) 02~~0~ he~~ 
IF tMEX.EQ.1 l EXCAV•CONV 02J~1e e0ee 
IF CMEX.E0.2 l EXCAV•TMOLER 023~20 0000 
IF CMEX.EQ.3 l EXCAV•TMOLES 023<430 0000 
IF t MEX.EQ.~l EXCAU•HANDS 023<440 0000 
IF CMEX.EQ.Sl EXCAV•RIPPER 023<450 0000 
1F CMEX.EQ.6) EXCAV•VERTCC 023~60 0000 
IF CMEX.EO . ?> EXCAV•SLOPCC 023470 0000 
FIND ALPHA NAME FOR WATERTIGHT REQUIREMENT 023480 0000 
LINWT•ACI 15 l 023~ne 000~ 
IF<LINUT.~Q.0 l WTLIN•ANO 023S00 000e 
IF<LINWT.E0.1 > UTLIH•VES 023510 0000 
NTSTVP•A<I 16l ~a3s2~ 0000 
1F CHTSTVP.EQ.3l ~TLIN•VES e23S3e 0000 

• 
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e ------------------------------------------------------------------ ~23S4e 0eee 11 AA·~ci,I> 023550 0000 
JRS•AC! S> 023560 0000 
JRQD•A<i,6> 023570 0000 
JRTE"P•ACI,1a> 023580 0006 

~~~~~~L~~~{,~e> INFLOU•0 :~~~~: ~~=: 
TL•ACI 11) 023610 0000 
IFCTL.{E.t.> TL•e. 023620 0000 

~~~=~~T=~lt1~~REACHL8l ~~~~!= :::: 
DAVS•TRDATACNREACH,~ l 023650 0000 

c ------------------------------------------------------------------ 023660 eeee C CHECK TO SEE IF THIS IS THE SAME REACH AS FOR PREVIOUS SEGMEMT 023670 0000 
BS IFCIPR.EQ.NREACHJ GO TO 90 023680 0060 

C SET VALUES OF HOURS AND DAYS FOR PREVIOUS REACH IF ~0~ INPUT 023690 0000 
IFCI.EQ.1 l GO TO 88 023700 0000 
N•ACI-1 4 ) 023710 0000 
lFCTRDAtA CN,8J.tr.0.1 ) TROATA CN,8 J•24.0 023720 0000 
IFCTRDATA CN,9l.LT.0.1 l TRDATACN,9 l •6 .0 023730 0000 

88 URITECLO 1004) 023740 0000 
90 IFCIPR.EQ ,NREACHJ WRITECL0,2000J 023750 0000 

NLINES•NLtNES+l 023760 0000 
c ------------------------------------------------------------------ 023770 0000 C ADJUST FORMAT AND URITE STATE~ENTS TO PUT BLANKS IN OUTPUT WHEN 023780 6000 
C VARIABLE C~ECKED IS NOT SPECIFIED IN INPUT DATA 023790 0000 

91 IF CAR.GT.0.0 J GO TO 92 023800 0000 
AR•BLANK 023810 0000 
FMT1 C11 l •FM1 023820 0000 

92 IFCTt.CT.0.0 l GO TO 93 023830 0000 
TL•BLANK 023840 0000 
FMT1 C17l •FM2 023850 0000 

93 IF<HOURS.GT.0.0 > CO TO 94 023860 0000 
HOURS•BLANK 023870 0000 
F~T1 C 20 l •FM2 023880 0000 

94 IF <DAVS.CT.e.e > CO TO 95 023890 0000 
DAVS•BLANK 023900 0000 
F~T1 C 21>•FM3 023910 0000 

95 IFCIPR.NE.NREACH l CO TO 98 023920 0000 
NREACH•IBLANK 023930 0000 
FMT1Ct>•FM4 023940 0000 
HOURS•BLANK 023950 0000 
FMTtC20 l •FM2 023960 0000 
DAVS•BLANK 023970 0000 
FMT1<21J•FM3 023980 0000 

98 IF CNTSTVP.CT . 1 l GO TO 100 023990 0000 
c ------------------------------------------------------------------ 024000 0000 C ~OCK TUNNEL 02~010 0000 

W~ITE CtO,FMT1 > NREACH NTSEG,NPt,NPR NSHAFT,LSEGL,SHAPE,BFT,REMK, 02~0c0 0000 
lEXCAU,AR,JRS,JRQD,J~TEMP,INFLOW,LTVP,TL,WTLIN,EtUATR,HOURS,DAVS 0c4030 0000 

GO TO 140 02~040 0000 
c ---------------------------------------- ------------------------- - 024050 0000 C SOFT GROUND TUNNEL OR CUT AND COUER BOX 024060 0000 
C FIND ALPHA NAME FOR SUPPORT TVPE 024070 0000 

100 ISUPPT•A CI 26l 024080 0000 
IFCISUPPT.EQ.0 ) SUPORT•TNONE 024090 0000 
IF<lSUPPT.EQ.l ) SUPORT•CI~SEG 02~100 0000 
IFCISUPPT.EQ.c > SUPO~T·CONSEG 024110 0000 
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IF<ISUPPT.EQ.3 > SUPORT•STLSEC 
IFCISUPPT.EQ.4 > SUPORT•STLSET 
IF<ISUPPT.EQ.5 l SUPORT•SOLDER 
IF CISUPPT.EQ.6l SUPORT•SLURRV 

C FIND ALPHA NA"E FOR ALLOWING DEW~TE~ING 

~~~It:r~~~t57~ > OWATER•ANO 
IFCI~ATER.EQ.1 > DUATER•VES 
HPLS•ACI,17 l 
NPRS•A< I.18 l 
D10•A <I.19 l 
PHI•0.0 
COHESN•0.0 
IFCA CI,20 l. CT.0.0 > PHI•A CI,20 > 
IFCAC1,21 l .CT.0.0 > COHESN•A CI,21 j 
CAI'II'IA•A <I,22 > 
ELIMP•A CIL24 ) 
PERM•A CI,c:5 > 
STABNO ·~ < I,30 > 

C FIND ALPHA NAME FOR USE OF STABI LIZATION MET~OO 
MUST•A <I 32 > 
IF CMUST.E0.2 l iUSE•IFNEC 
IF CMUST.E0 . 3 >IUSE•IFNEC 
IF CMUST . E0.4 JIUSE•MUSTUS 
AIRPR•A < I.33 J 

C FIND ALPHA NAME FOR STABILIZATION METHOD 
MSTAB•A C 1,31 l 
IF CMSTAB.EQ . 0 .AND .MUST.LE.2 J ST~BI L•PREFNO 
IF <MSTAB . EQ.0 .AND . MUST.EO.• > ST~BIL• USENO 
IF CMSTAB . E0.1 l STABIL•AIRPRS 
IF CMSTAB . E0.2 > STABIL•OEWATR 
IF CMSTAB.E0.3 > STABIL•GROINJ 

C ADJ UST FORI'IAT AND WRITE STATEMENTS TO PUT BLANKS IN OUTPUT WHEN 
C VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 
C DO NOT PRINT TEMPERATURE UNDER ROCK LISTING 

JRTEMP•IBLANK 
FMT 1 C 1'4 > •FM5 

105 IF CJRS .GT.e > CO TO 106 
JRS•IBLANK 
FMT1 C 12 l •FM6 

106 IF CJRQD.CT.0 > CO TO 107 
JRQD• IBLANK 
FMT lC 13 l •FM5 

107 IFCC~MMA.CT.0.0l CO TO 108 
CAMMA•B LANK 
FMT2 C'I l •FM7 

108 IFCPERM.CT . 0.0> GO TO 109 
PERM•BLANK 
FMT2 C7 >•FM8 

109 IF CSTABNO.GT.0.0 ) GO TO 110 
STABNO•Bt~NK 
FMT2 C 12 >•FM9 

110 IFCMUST.GT.1 > GO TO 112 
IUSE•JBLANK 

112 IF <AIRPR.GT.0 . 0 > CO TO 118 
AIRPR•BLANK 
FMT2 C15 >•FM10 

118 IFCNTSTVP.EQ.3l CO TO 120 
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024120 ~000 
02.a130 0000 
02.01'10 0000 
024150 0e00 
024160 0000 
024170 0000 
024180 0e00 
024190 0e0e 
024200 e000 
024210 0000 
02-4220 0000 
02-4230 0000 
024240 0000 
02-4250 0000 
024260 0000 
02-4270 0000 
02•2se 0000 
02-4290 0000 
02'1.300 0000 
02-4310 00a0 
024320 0000 
02-4330 0000 
02-43-40 00a0 
02-4350 0000 
02<436e 0000 
02-4370 0000 
024380 0000 
024390 0000 
02.-400 0000 
024-410 0000 
024420 0000 
02'1-430 0000 
02'1.40 0000 
02'1'150 0000 
024.60 0000 
02'1470 0000 
024-480 0000 
024490 0000 
024500 0000 
024510 0000 
024520 0000 
024530 0000 
02'1540 0000 
024550 e000 
024560 0000 
024570 0000 
024580 0000 
024590 0000 
024600 0000 
024610 0000 
024620 0000 
024630 0000 
0246'10 0eee 
024650 0000 
02'1660 0000 
024670 0000 
02'1680 eeee 
024690 eeee 



c 
c 

c 
c 
c 

c 

c 
c 
c 
c 

c 

c 
c 

c 

COSTUN Li sting (Continued) 

------------------------------------------------------------------ a2~1~0 eeee SOFT GROUND TUNNEL 02~710 0a00 
~RITE<LO,FMT1) NREACH~NTSEGLMPL,NPRLHSHAFT 1 LSEGL,S~~PE,BFT,P.EMK, 32~720 000e 
1E~CAV~AR,JRSLJRQD,JRT~~P,IN~LCU,LTY~,TL,WTLIN,ELWA•R,HOuRS,DAvs 32•730 0000 
JRTE~~·A<I 1~> 32~7~0 000e 
WRITE<LOLF"T2> NPLS,NPRS,D10,CAMMA,PHI,COHESN,PERM,J~TE~P,DWATER, 32~750 0000 
1ELIMP 1SU~ORT1STABNO,STA8lL,IUSE,AIRPR 32•760 0000 
NLINE~•NLINE~+1 02~770 00e0 
GO TO 1~0 02~780 0000 
------------------------------------------------------------------ 02~7g0 0900 CUT AND COUER 02•800 0000 
FIND ALPHA NAMES FOR DECKING REQUIREMENT 32•810 0000 

120 ~~~l~E~~~t5~~> DECK•ANO ~~:~3: ~=:: 
IF<IDECK.EQ.1l OECK•VES 02•8~0 0000 
FINO ALPHA NAME FOR BRACING SPECIFIED 024850 0000 
IBRACE•A<I 28 ) 024860 0000 
IF<IBRACE.E0.0 J BRACE•TNONE 02~870 0000 
IF<IBRACE.E0.1l BRACE•STRUT 02•880 0000 
IF<IBRACE.E0.2 > BRACE•ANCHOR 02•890 0000 
IF<IBRACE.E0.3l BRACE•STRANC 024900 0000 
ELROCK•A<I,27J 02~910 e000 
NREACH•A<I,4 l 024920 e000 
NBOX•TROATA<NREACH 10J 02•930 0000 
BFBWDT•TROATA<NREACH,11 l 024940 0000 
BFBHT•TROATA<NREACH 12 1 02~950 0000 
ADJUST FORMAT AND WRITE STATEMENTS TO PUT BLANKS IN OUTPUT WHEN 02•960 0000 
VARIABLE CHECKED IS NOT SPECIFIED IN INPUT DATA 02•970 0000 
REMOVE TUNNEL SIZE, MUCK TRANSPORT, SOIL TEMPERATURE, AND 024980 0000 
STABILIZATION FOR CUT AND COVER. 024990 0000 
IF<IPR.EQ.NREACH J NREACH•IBLANK 025000 0000 
BFT•BLANK 025010 0000 
FMT1<8 >•FM7 025020 0000 
REMK•BLANK 025030 0000 
JRTEMP•IBLANK 0250~0 0000 
FMT2 <8J•FM5 025050 0000 
IF<INFLOW.GT.0 J GO TO 138 025060 0000 
INFLOU•IBLANK 025070 0000 
FMT1<1SJ•FMS 025080 0000 
STABIL•BLANK 025090 0000 

138 URITE<LO,FMT1 > NREACH,NTSEG,~Pt,MPR,NSHAFT,lSEGL,SHAPE,BFT,REMK, 025100 0000 
lEXCAU,AR,JRS,JRQO,JRTEMP,INFLOW ,LTYP,Tt,UTLIN,ELUATR,~OURStDAYS 025110 0000 
WRITE<tO,FMT2> NPLS,NPRS,010,GAMMA,PHI,COHESN,PERM,JPTEMP,DWATER, 025120 FMT0 

1ELIMP,SUPORT STABNO,STABIL,IUSE,AIRPR 025130 FMT0 
WRITE<L01 FMTJ> ELROCK,DECK,BRACE,NBOX,BFBWOT,BFBHT 025140 0000 
NLINES•NLINES+2 025150 0000 
------------------------------------------------------------------ 025160 0000 140 NREACH •A <I.~ > 025170 0000 
IF<IPR.NE.NREACH> IPR•NREACH 025180 0000 
SET UALUE FOR GAMMA IN THIS TUNNEL SEGMENT IF NOT INPUT 025190 0000 
IF<NTSTYP.CT.1.AND.A<l,22 l .LT.0 .1 > A<I,22>•120.0 025200 0000 
SET VALUE FOR PERMEABILITY IF NOT INPUT 025210 0000 
1F<NTSTYP.CT.1.AND.A (I,2S l .GT.10.E-10 J PERM•-PERM 025220 0000 
IF<NTSTYP.CT.1.AND.A <I,25 l ,LT.10.E-10 ) PERM•D10**2/10. 025230 0000 
A<I,2S>•PERM 0252~0 0000 
IP•1PR 025250 0000 
RESET FORMATS TO ORIGINAL IN DATA STATEMENT 025260 0000 
FMT1<1>•FM11 025270 0000 
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COSTUN Listing (Continued) 

FPIT 1C 11 l •FI'Il a 
FPIT1< 17 l•FPI13 
FPIT1C20 l •FI'I13 
FPIT1C21 l •FM1<4 
IF CNTSTVP.EQ.l l GO TO 1445 
FI'IT1 < 1'4 l ·~M15 
~I'IT1<12 l •~M16 
FMTlC 13 ) •F'M15 
FI'IT2 C •l> •F'"' 1? 
FI'IT2 C7l•FI'I18 
FMT2 C12l•FM19 
FMT2 C15l•FM20 
IF <NTSTVP.EQ.2 l CO TO 1445 
FPIT1 < S l •~M21 
FI'IT2 <Sl •FM15 
F'PIT1 < 1S l •~M15 

1'45 CONTINUE 
IF' CI+1.LE .NTS l RETURN 
SET HOURS AND DAVS ~OR LAST 
I~ C TROATA C ~REACH,S l .LT.0.l l 
I~ C TROATA < NREACH , 9 l . LT . 0.1 l 
UR ITE < LO, 1 00'4 l 
RETURN 

REACH IF NOT I ~PUT 
TRDATA CNREACH,S l•2<4.0 
TRDATA<NREACH,9 l •6.0 

o252a0 0000 
0252;e 0~00 
ea53~0 0000 
025310 0000 
025320 000~ 
025330 0003 
0253'40 0000 
025350 0003 
025360 0003 
025370 0000 
025380 0000 
025390 0000 
025'400 0000 
025-4!0 0000 
025'420 0000 
025'430 0000 
02544'40 0000 
025-450 0000 
025'460 0000 
0254170 0000 
025'480 000e 
025'490 0000 
025500 0000 
025510 0000 

**********************'*************************•'******'********* 025520 a0e0 llllllllllllllllllllllllllllllltllllllllllllllllllllllllllllllllll 025530 0000 
*''***********''***********''**************'*****'**************** 0255440 0000 ******************'**********'*'*'****'*********•******'*'******** 025550 0000 

150 IF' <LIST <3 l. EQ.0 l GO TO 200 
SET UAlUES 0~ GAMMA, PERM, HOURS AND OAVS IF NOT I NPUT 
NSHArT•B <l,1 l 
NSSTVP•B ( I 15 l 
IF' C ~SSTVP.t0.1 l GO TO 160 
IF' CBCI,18 l. LT.0.1 l B<l,18 l •120. 
I~ C B C II23 l .GT.10.E-10 l PERM•-B CI,23 l 
010•8 ( 16> 
IF' <B<I,a3 l .tT.l0.E-10 l PERM•D10fl2/ 10. 
BCif23 l•PERM 

160 CON II'IUE 
IF' C SHAF'T< NS~AFT ,17 l .LT .0.1 l SHA~T <NSHAFT ,17 l •2<4. 
IFCSHAFT < NSHA~T,18 l .lT.0.1 l SHA~T CNSHA~T,18 l •6.0 
RETURN 
URITE OUT THE DATA CONCER~INC THE SHA~TS 

025560 0000 
025570 0000 
025580 0000 
025590 0000 
025600 000e 
025610 0000 
025620 0000 
025630 0000 
0256'40 0000 
025650 0000 
025660 0000 
025670 0000 
025680 0000 
025690 0000 
025700 0000 
025710 0000 
025720 0000 
025730 0000 

------------------------------ ----- - ---------- -------------------- 0257440 0000 200 ~LI~ES•NliNES+1 025750 0000 
I~ < ~LINES.LE.44S l GO TO 230 025760 0000 

URITE CL0,1010 l 
URITE<L0,1011 > 
NliNES•0 

230 NSHA~T•B< I Ll l 
NSSEG•B CI,c: l 
BFS•SHAFT < NSHA~T,7 l 
NPT•J CI,3 l 
NPB•8Cl,<4 l 
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025770 0000 
025780 0000 
025790 0000 
025S0e 0000 
025810 0000 
025820 0000 
025830 0000 
0258'40 0000 
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COSTUN Listing (Continued) 

HPORT•SHAFT<NSHAFTL23 l 025860 000G 
HPTS•SHAFT < NSHAFT.~ l ~25870 eaae 
HPIS•SHAFT<NSHAFT,J l 02588e 0000 

~=~o!~tt~~ ' ~~~~~~ ::8: 
HSSTVP•I <I,1S l 025S10 0000 
IPS•IP 32592~ 000e 

c ------------------------------------------------------------------ 025930 0000 C FIND THE ALPHA NA~E FOR THE LINING TYPE 025Sl•0 0000 
LI HING•B <I 10 l ~~5~s~ ~0&0 
IF <LINIHG. EQ.0 l LTVP•NONE aa5gse e0e0 
IF <LINING.EQ.l l LTVP•ICOHC 025970 0000 
IF <LINING.EQ.2 l tTVP•ISHOT 025980 0000 
IF <LIHIHC.EQ.3 l LTVP•IPREC 325990 0000 

c ------------------------------------------------------------------ 026000 0000 C FIHD ALPHA NAME FOR EXCAVATION METHOD 026010 0000 
2~0 ~~~M:~~E~~0 l EXMS•TNONE :~~=~: ::~: 

IF <MEX . EQ.l l EXMS•CONV ~260•0 0000 
IF <MEX.EQ.2 l EXMS•TMOLER 026050 0000 
IF!MEX.EQ.J l EXMS•TMOLES 026060 0000 
IF <MEX.EQ .• l EXMS•HANDS 026070 0000 

C FIND ALPHA NAME FOR SHAFT SHAPE 026080 0000 
ISHAPS•SHAFT CNSHAFT,16 l 026090 0000 
IF <ISHAPS.EQ.1 l SHAPS•CIRCLE 026100 0000 
IF <ISHAPS.EQ . 2l SHAPS•SQUARE 026110 0000 

C FIND ALPHA NAME FOR WATERTIGHT REQUIREMENT 026120 0000 
LINWT•B <I 1• > 026130 0000 
IF<LIHUT.EQ.0 l WTLIN•ANO 0261•0 0000 
IF <LINUT.EQ.l l UTLI N•VES 026150 0000 
IF !NSSTVP.EQ.J l UTLIN• VES 026160 0000 
ELUATR•B <I 13 l 026170 0000 
HOURS•SHAFf <NSHAFT,17 l 026180 0000 
DAVS•SHAFT <HSHAFT,18 l 026190 0000 

c ------------------------------------------------------------------ 026200 0000 AR•B <I,B l 026210 0000 
C FIND ALPHA NAME FOR SHAFT GROUNDWATER INFLOW 026220 0000 

INFLOU•B ! l,9 l 026230 0000 
IF<INFLOU.EQ.1 l GRDU• UET 0262•0 0000 
IF <IHFLOU.EQ . 0 l GRDU•DRV 026250 0000 

c ------------------------------------------------------------------ 026260 0000 TL•B CI 11 1 026270 0000 
IF CTL.lE.0. l Tl•0 . 026280 0000 
DDS•SHAFT <NSHAFT,S l 026290 0000 
IARTEM•SHAFT <NSHAFT,11 l 026300 0000 

260 ICDS•SHAFT <NSHAFT,6 l 026310 0000 
c ------------------------------------------------------------------ 026320 0000 C SEE IF THE SHAFT FOR THIS SEGMENT IS SAME AS PREVIOUS SHAFT 026330 0000 

285 IF<IPS . EQ.NSHAFTl GO TO 290 0263•0 0000 
C SET VALUES OF HOURS AND DAVS FOR PREVIOUS SHAFT IF NOT INPUT 026350 0000 

IF<I.E0 . 1 l GO TO 288 026360 0000 
H•BCI-1 1) 026370 0000 
IF <SHAFt <H,17l.LT.0.1 l SHAFT !N,17 l•2•.0 026380 0000 
IF CSHAFT CH,18l . LT . 0.1 l SHAFT CN,18 l•6.0 026390 0000 

288 WRITE<LO 100•> 026•00 0000 
2S0 IF C IPS.E6.NSH~FT l URITE CL0,2000 l 026.10 0000 

NLINES•HLINES+l 026.20 0000 
C CHECK FOR PORTAL 026~30 0000 
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IF<HPORT.IO.I> QO TO 2i2 826440 teet 
WRITE<L0,81tl> NSH~T,NPTS,DDS,ICDS,I~RT£" a3646t 1811 
QO TO 35 136451 1111 

c ------------------------------------------------------------------- 828~7· •••• C D~Y SH~FT IS INPUT WH£" NO SHAFT IS REQUIRED FOR OPEN CUT REACH 126418 ttll 
182 !F<ISHAPS.NE.I> QO TO 311 8264;8 0011 

~RITECL012111> HSHAFT,NSSEQ,HPTS,NPJS,DDS,ICDS,IARTEM 126511 0811 
GO TO 35• 126518 a8el 

c ------------------------------------------------------------------ 12ss2e eeae C ADJUST FOR~AT AND WRITE STATE"ENTS TO PUT ILANKS IN OUTPUT WHEN 026531 ae8t 
~ VARI~JLE CHECKED IS NOT SPECIFIED IH INPUT DATA 8265~1 8181 

311 IFCAR.QT.I.I> GO TO 311 826550 8118 
AR•ILANK 826568 1811 
F"T4<t>•F"1 826578 0ee0 

311 IF<TL.QT.e.t> GO TO 312 826580 8880 
Tt•ILANK 0265ge 8000 
F"T4C13>•F"g 126600 0800 

312 IFCHOURS.QT,e.e> GO TO 313 826610 8100 
HOURS•ILANK 026620 0000 
F"T4ct;>·F~g 826630 eeee 

313 IF<DAVS.GT.e.e> GO TO 385 826640 8001 
DAVS•ILANK 826658 8000 
F"T4C28 l•FM3 826660 8000 

315 IFCIPS.NE.NSHAFT> QO TO 388 826678 1000 
NSHAFT•IILANK 826688 0001 
F"T4<1 > ·F~4 1266;8 ee08 
HOURS•BLAHK 826700 8008 
F"T4<19>•FM9 126710 1000 
DAVS•ILANK 826728 0008 
F"T4<21>•FM3 126738 ee08 

318 IFCNSSTVP.GT.1 l GO TO 311 126748 0000 
c ------------------------------------------------------------------ ee&?se eeee C ROCK SHAFT 826768 0008 

WRITE CLOLFMT4 l NSHAFT1 NSSEG,NPTfHPBLSHAPS,8FSLEXMS,AR,JRS,JRQD. 826778 8800 
1GRDU6LTV~,TL,UTLIN,DD~,ICDS,IAR E~.~LWATR,HOUwS,DAVS 826780 8100 

Go T 351 826798 eee0 
c ------------------------------------------------------------------ e2ssee eeee C SOFT GROUND SHAFT OR CUT AND COUER 026810 0000 
C FIND ALPHA NA~E FOR ALLOYING DEWATERING 026828 8100 

311 ~~~t~=T~~~t8~'> DWATER•AHO =~~=~= :::: 
IFCIWATER.EQ.1l DWATER•VES 026850 8100 

C FIND ALPHA HA~E FOR SUPPORT TVPE 826860 8800 

~~~~~~p=t~f~~~ ) SUPORT•CIRSEG =~~~·= :::: 
IFCISUPPT.£0.2 > SUPORT•COHSEG 0268;0 8880 
IFCISUPPT.EQ.3> SUPORT•STLSEQ 826;00 8808 
IFCISUPPT.£0.4) SUPORT•STLSET 026gle 8080 
IF CISUPPT.EQ.6 ) SUPORT•OPENCT 026ge8 8811 
D1t•J<I,16) 02s;3e 08ee 
GA"~A•ICI,18 ) 026;41 lite 
PHI•e.e 02s;s0 eeee 
COHESN•I.I 826;61 eeee 
IFCJCI,l;),QT.t.e > PHI•ICI 1g l 826g7e 8808 
IFCI CI,17>.GT. t.e > COHESN•i<I,17> 826Q88 0888 
PER~•JCit23l 026~8 eeee 

~~l~o!i c t~~~> =~~:t: :::: 
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C FIND ~L~~ HA~E FOR USE OF ST~JILIZ~TION MET~OD ac712t 8800 
•usT•ICI 2~l ~~713~ 88~~ 
IFC"UST.to~2>IUSE•IFNEC e27e•e eeee 
IFC"UST.E0.3 l iUSE•IFHEC 827858 eeea 
IFC"UST.£Q,4liUSE•~USTUS 827868 8108 
~IAPA•ICI 27> e~717a eeaa 

C FIND ~LPH4 N~"E FOR ST~IILIZ~TION "ETHOD 8a7t8e eeee 

~,r~~T=·~t~~,.AND."UST.L£.2> ST~IIl•PAEFNO =~~r~: :::: 
IF<MST~J.EO.t.~ND."UST.E0.4> ST~IIL•USEHO 827118 8008 
IF<~STAI.E0.1l STAJIL•AIAPAS 827128 8008 
IF<I'tST~J.EQ.2> STAIIL•DEUATR 827138 0008 
IF<MSTAJ.EQ.3l STAIIL•CADINJ 8271•8 0088 

C ADJUST FOA~AT AND UAITE STATE"ENTS TO PUT ILAHKS IH OUTPUT UHEH 827158 0008 
C VAAIAILE CHECKED IS NOT SPECIFIED IN INPUT DAT~ 827168 0088 

IFCCAM"A,QT.t.tl QO TO 328 827178 0088 
QA"~A•ILANK 827189 0088 
FMTSC3l•FM? 827198 0008 

328 IFCPEAM.QT,8.tl GO TO 321 827288 0008 
PER"•BLAHK 827218 0088 
FMT5C6l•FM8 027228 0000 

321 IFCSTAJNO.QT.t.0l QO TO 322 827238 0088 
· STABNO•BLANK 827248 0088 
FMT5C10l•FM~ 027258 008e 

322 IF<"UST.QT.1 l CO TO 324 827268 0888 
IUSE•JILANK 827278 0888 

324 IFCAIRPA.GT.8.tl GO TO 325 027288 0880 
AIAPR•JLAHK 0272it 0088 
F~TSC13l•FM18 827388 0888 

325 IFCJAS.GT.tl GO TO 326 827318 0088 
JRS•IILANK 827328 0088 
F~T•cg>·F~6 827338 0888 

326 IFCJAQD.GT.0l CO TO Jag 8273•8 0088 
JAOD•IILANK a27350 0080 
FrtT•<1tl•FMS 027368 0088 

32i IFCNSSTVP.EQ.3l CO TO 331 027378 0000 
c ------------------------------------------------------------------ t273ae eeee C SOFT GROUND SHAFT 0273i0 0008 

UAITE<LOLF"T4l NSHAFTtNSSEG,NPTtNPB,SHAPS,BFSRE~MS,AR,JRS,JRQD, 027408 8008 
1a:¥¥ttl~~te~is~Thi~;~R~A1~~~f!~~H~~H;~~=~~b~~¥E~;~~~~P.SUPORT, =~~:~: :::: 
1STABNO,S ABIL,IUSE,AIAPR 027430 8880 
~LINES•NLINES+l 027440 8001 
Go To 358 027458 8888 

e ------------------------------------------------------------------ ea1•se eeee C CUT AHD COVER 027470 eee0 
C SHAFT IS BUILT UITHIN OPEN CUT CONSTRUCTED FOR TUNNEL 827488 8018 
C ADJUST FOR~AT AND UAITE STATE"ENTS TO PUT BLANKS IN OUTPUT UHEN 8274ge &810 
C VARIABLE CHECKED IS NOT SPECIFIED IH INPUT DATA 827580 8881 
C AE"OVE VARIABLES THAT DO NOT APPLV TO CUT AND COVER 027510 eeee 

-
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C QRDW,I~RTE~,DW~TER,ELI~P,STAIIL 827528 8811 
33t QRDU•ILANK 827531 8888 

I~TE"•IILANK 8275~1 8811 
F"T4<17>•F"II 127551 eett 
DWATER•ILANK 827561 1888 
ELI~•ILANK 127571 1881 
F~TS<I>•F~l 827588 1881 
STAIIL•ILANK 8275;1 1881 
YRITE<LOLF~T~> NSHAFT1NSSEQ,HPTfNPILSHAPS,IFS,EX~S,AR,JRS,JRQD, 127681 8811 

18:¥¥f~(6~t6.~i~TSI=:&R~Al:~~t!~~H~~N~~~=~~6~~¥E~:~~t~P,SUPORT, =~~=i: :::: 
1STAINO,S AIIL,IUSE,AIRPR e27638 1111 
HLINES•NLINE$+1 8276~8 8881 

c ·----------------------------------------------------------------- 827651 eeee 358 NSHAFT•I<I,l> 827668 8888 
IF<IPS.HE.NSHAFTl IPS•NSHAFT 827678 8188 

C SET UALUE FOR GA~MA IN THIS SHAFT SEGMENT IF NOT INPuT 827688 8888 
IF<NSSTVP.GT.1.AND,J<I,18l.LT.8.1> BCI,18 l•128.8 8276;8 8888 
IF<NSSTVP.GT.1.AND.BCI,23>.GT.18.E-18> PERM•-PERM 827781 8888 
IFCNSSTVP.GT.1.AN0.8CI,23l.LT.18.E-18> PERM•D18t*2/ 18. 827718 8888 
i<It23>•PER" 021120 ee8e 
IP•1PS 827738 1888 
RESET FORMATS TO ORIGINAL IN DATA STATEMENT 8277~8 8888 
'"T4<1>•FM11 8277se ae8e 
F"T4<8>•FM12 827768 8888 
F"T4<13l•FM1Q 827778 8888 
F"T4C1Ql•FM1Q 827788 8818 
'"T4<2t>•FMl~ 8277Q8 8tle 
IF<NSSTVP.EQ.1l GO TO 368 827888 8888 

c 

' 

F"TS<J>•FM17 127818 8818 
F"TS<6>•FM18 827828 8888 
F"TSC18l•FM1Q 827838 8881 
F"TSC13l•FM21 1278~8 8888 
F"T4CQ)•FM16 127851 8888 
F"T4Cli>•F"1S 127861 8881 
IF<NSSTVP.EQ.2> GO TO 368 827878 8881 
F"T4C17l•F"23 827888 8888 
FMTSC8l•F"12 827858 8888 

3&8 CONTINUE 827Q88 8888 
IF<I+1.tE.NSSl RETURN 827518 8888 

C SET HOURS AND DAVS FOR LAST SHAFT IF HOT INPUT 127521 8181 

c 
-

IFCSHAFTCHSHAFT,17>.LT.t.1> SHAFTCNSHAFT,l7 l •2~.8 127i3t 88t8 
IF<SHAFT<NSHAFT,18>.LT.t.1) SHAFT<NSHAFT,18l•&.t 827Q~8 8t88 
YRITECL0,188~> le75SI 88t8 

127i&t 8eee 
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c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 027~7· 1188 
HTU.H t27V81 8181 

c 827881 tt8t 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• eaa811 tilt c 128811 .... 

1 .. t ~O.~~TC1H1~~8C1Hil6 ' T U ~ N E L INPUT DATA ' ,~7 C 1Hil// 821821 tilt 
UX, 'REACH liEG NP I UNDRV EXIT HORIZ TUN~L 'TIJHN£L ~CIC EXCAV 821131 lite 
1~- UHF ADV JROCK PROPERTIESI IHFLOU Ill Ll~ING 1111 GROUND ~OURS D 1288~0 teet 
3AYS'/11Xt'LEFT RIGHT SHAFT LENGTH SHAPE SIZE RE"OVAL !ION 121851 tete 
~R~TE S RENGTH RQD TE"P <QPMl TYPE THICK UAT WATER PEA PER ' 128861 teet 
6/43)(1 't FTl "ETHOD METHO~ CFT/DA't'l CPSi l',7l<, 'tFl',1SX, 'C II'O T 828871 teet 
6CT E~EV. DAY WEEK' l 028188 teet 

1111 FOR"ATC33C2)(,2H--l/13X, ' SURFACE ' ,12<1Ht!L' SOIL PROPERTIES ' L13C 0288it teet 
11HJ), ' DEUAT- I"PERV SUPPORT IIIII STAJILl~ATIOH lllll '/ 11~f ·N~ BO 028180 8880 
2UNDRV GRN SIZE UNIT UT PHI COHESION PER". TE"P ERINC LAV R T~ 028110 0880 
3PE HUMIER METHOD USE AlRPA ' /11X,_'LEFT RIGHT ~~ " l CPCF > 028120 0880 
4 CPSF'> CCPI/SEC> CF'> ALLOU EtEv, ' 38X, 't PSn ·> 028130 0880 

1112 FOR"ATC33C2X,2H--l/ 1tXL' SOUND ICUT AN6 COUERJ IJBOX PROPEATIESil ' 028t•t 0800 
1/tt)(t'ROCIC DECKING INAClNQ UNITS UIDTH HEICHT '/11X,'ELEV. ' ,2SX, 028tS8 0880 
2'CFTJ <FTl'//) 0281600880 

1114 FORMAT<t)(,t31t1H-)) 028t70 8800 
ttti 1~~R~~~~;~1§~!c~~~j6~ND~R~ AS~A1T ~H~F~ ~xlAv~-AU~FAAD~·:=6A~*~R~P. ~~~~~= :::: 

' 21 iNFLOY lal liHlHC **** DISPOSAL DISPOSAL ABOUE GROUND HOURS DAV 028200 8880 
35'/ttXL'UPPER LOUER SHAPE SIZE TION RATE STAENQTH RQD 028210 ete0 
4 TYP~ THICK WAT DISTANCE COST CRND. WATER PER PEA'/3tl< 128220 teet 
s •c FT> "ETHOD <FT/DAV> tPSI> · ,eex. ·ciN> TOT <MILES> <I/ACRE> TEA 028230 eee0 
&P ELEV. DAV YEEK' l 828241 tt00 

tlt1 FORMATC33 C2)(,2H-- l/22)(,1tC1HI >t ' SOIL PROPERTIES ' ,ttC1H*>f ' DEY 128250 18t0 
tAT- INPEAU SUPPORT 1a1a• STAIIliZATIOH 1111J '/22X, ' GRH S ZE UNIT 128268 8880 
2 WT PHI COHESION PEA". EAING LAVER TVPE NU"IER "ETHOD 028271 8811 
3 USE AIRPR'/23)(, 'C PI ~~ <PCFI !PSF' > CCI'I/SEC I AtLOI.I 128280 tete 
4 ELEU. ' ,3tX, 'C PS~l' //) 828290 8t81 

2111 FORMAT< tX I 12838e 8880 
21tt FOR"AT!tX,I4,1StiS~I&,tt)(, ' THIS SHAFT IS A DUPI"V ' f36X1 F7.11 I8.I7 > 128310 8880 
22tt F'OR~ATCIS,t4Xt' HI~ SHAF'T AT HODAl POINT ' ,I~, ' S A~TUALLV A 828321 0888 

1PORTAL' ,14X,F 8.t,I8,I71 128338 8810 
ltt1 FOA .. AT C/ ,1X,I4,IS,lS,I5Ll&{I7L2X,A6.F7.2,2X,A6,2X,A6,F'8. 1,3X,I6, 128331 

ti6LISti5,2X~A6LFS.tLA6,~7. ,F,.t,F5.1, /l 828332 
ltt2 FON"A (/ tt~~Ib1I5~~11.2,F7.1,FS.t,F'7.t,Ett.2,I5,A6,F8 .1, 2X,A6, 828333 

tF6.t,t)(,A61 1~LAb,Fb.t,/l 82833• 
ttt3 FOR"AT C/ ,1~X~~7.1,1X,A6,2X,A6,IS,F8.2,F7.2L/) 128335 
tlt4 FORftAT(/ flX, ~LlS,IS116,2X,A6,F'6.2,1X,A6,F~.t,3X,I6,IS,A6,A6,F6.1, 128336 

1A6LF7.1, 81 17t~S.l,Fb.1,FS.l,/ l 128337 
... , FO~MATC/,2~X{ ti.2,F7.1,F'S.8,F?.I,E10.2,~X,A&,F8.t,2l<,A6,F6.1,2X, 128338 

1Ait1X,A&,F6. ,/) 12833a 
EHu 12834& till 

-
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COSTUN Listing (Continued) 

SUI~UTIHE SIZESTCI.~.I,CNP,SHAFT,TRDATA,NTS~AX,NSSMAX,NP~AX,NS~AX ~28361 lttt 
l,NT~~X ) 128355 
------------------------------------------------------------------ eaal&e eeee 
------------------------------------------------------------------ 828378 '''' I•TUNNEL OR SHAFT SEG~ENT NUMBER 128381 1181 
THIS SUIROUTINE CALCULATES THE FOLLO~ING IN TUNNELS OR SHAFTS 128J;t 0181 
IELIE~ILIE61,Tlr101,10J~I.IOJ68,UEILTPLATEL1SEG,DTRNCH,SIDEL,VIOX, 128~18 1181 
TV~L.FOKMAR,UTUMLE,UTSTRT.UTANCH,UT~P.UTSPu 128~11 teet 
------------------------------------------------------------------ eaa~2e eeee 
----------------------- ------------------------------------------- 828431 •••• 028~~0 0ee0 
****************'***********'***************'******'******•••••••• 028~50 ee10 QENERAL DATA 028460 0881 
'*******************************•••••••••••••••••••*************•* 028471 0080 

128~80 00ee 
CO"~ON / BASIC/ NSS,NTS 028~~0 0880 
CO~~ON / A/ LO LI,P~ OM,LIST C ~I > ,TITLE C 169 > ,STABEG ITVPE 028500 8080 
DIMENSION A C NfSMAX,S8 > ,8CNSS~AX.~3 > ,CNP C NPMAX,2 > .SHArT C NSMAX.23 > . ~28510 0880 

1 TRDATA CHTRMAX,23 > 028520 0800 
REAl MIN.~AX 028530 0800 

028540 ee8e 
I•TUNNEL SEGMENT SEQUENCE NU"BER 028550 8880 

ITVPE•1 INDICATES TUNNEL SEG~ENT 
ITVPE•1 
NREACH•A c I • ~ l 
NTSEG•A CI.1> 
TLIN•At I 11 > 
IFT•TRDAfACNREACH,2 l 
IF•BFT 
LIHIHG•A <I ,1e > 
~EX•A<I 7> 
ISHAPE•fRDATA <NREACH,3 > 
MSTAKE•e 
EUIATR•A< 1,14 l 
NPL•A<I,2> 
NPR•A<I,3> 
ELHPL•CNPCNPL.2 > 
ELHPR•CNPCNPR 2> 
ELAUG• CELNPL+tLNPRl/ 2. 
LINI.IT•A <I 15 ) 
NTSTVP•IH i.16 > 
NSSTVP•t 
GO TO 10 

(Continued) 
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028560 eeee 
028570 eeee 
028580 8800 
0285Sl0 8880 
028600 8eee 
028610 eee0 
028620 8890 
028630 .... 
028640 8800 
028650 8800 
128660 ee80 
028670 e8ee 
028680 8800 
028&~0 e8ee 
828708 0890 
828718 ee88 
028720 8880 
t2873e eeee 
828748 eee8 
128758 0088 
8287&e 0eee 
028771 8880 
128788 .... 



c c 

c c 

c 
c 
c 
c 
c 
c 
c 

c 

COSTUN Listing (Continued) 

------------------------------------------------------------------ 1aa7;e eeee 
EHT~V SIZESS<I,.,J,CHP,SHAFT,TRDATA,MTS~AX,NSS"AX,NP"AX,NS"A~. 

lHTitM)() 
I•I~FT SEQ"£MT SEQUENCE HUMIER 
ITV~•2 INDICATES SHAFT SE~ENT 
lTVPE•i! 
TLIH•I<I,11) 
HSHAF'T•I<I 1 l 
ISHAPS•SHA,TCHSHAFT,16) 
IF<ISHAPS.EQ.Il RETURN 
MPORT•SHAFTCHSHAFT,23l 
IFCHPORT.EQ.ll RETURN 
NSSEQ•J<I,2 > 
IFS•SHAFTCNSHAFT,7l 
IF•IFS 
LIHIHQ•BCI,18> 
I"'EX•ICI 1 7l 
MSTAICE•" 
ELIJATR•BCI,13) 
LIMWT•BCI 14> 
NSSTVP•B C f. 15) 
NTSTVP•t 
HPT•B<I,3) 
NPI•t<I,-4 > 
ELNPT•CNPCHPT,2> 
ELNPI•CNPCNPI 2> 
ELAVG•CELMPT+tLNPil/2. 

t288ee eeee 
128818 •••• 
1288;5 
828828 .... 
t28838 eeee 
8288<41 8tte 
t28SS8 eeee 
828868 8888 
t288.,e eeee 
828888 •••• 
t288at eeee 
8285188 .... 
828918 eeae 
t28w28 eeee 
8285130 .... 
t2851 .. e ee00 
8285150 eee0 
0285160 0ee0 
t2&SI78 eeee 
0285188 eeee 
82851518 8888 
8251888 8888 
829818 8888 
0251828 eeee 
029038 .... 
t251t<4t eeee 
8251tS8 eeee 
8251868 .... 
8251878 eeee 

------------------------------------------------------------------ eaveae eeee 
CONVERT TL TO FEET 

lt TLIN•TLIN/12. 
IS IT A ROCIC TUNNEL OR SHAFT 
IFCNTSTVP.EQ.l.OR. NSSTVP.EG.1 > GO TO 15 
IS IT A SHAFT 
IFCITVPE.EQ.2> GO TO 12 
PHI•Ali 2tl 
NPt.S•A< L 17) 
NPRS•A C I 18 > 
ElNPLS•CHP<NPlS,2> 
Et.NPRS•CHP<NPRS 2> 
ElSURF•CELNPt.S+fLNPRSl/2. 
QA,."A•ACI 22> 
COHESN•A< i.21 l 
ISUPPT•ACI,26 > 
QO TO 13 

12 PHI•I<I,1SJ ) 
QAI'I,.A•I<I 18> 
COHESN•tc£,17> 
ISUPPT•ICI,22> 
NPTS•5HAFTCNSHAFTt2l 
Et.SURF•CHP<NPT$,8J 

13 Pt•3.1<416SI 
DW~TER•EL&URF-ELWATR 
ICUTNC•t 
IS IT A lOFT GROUND TUNNEL OR SHAFT 

(Continued) 
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82518518 8888 
82511te 8888 
8251118 8888 
829128 eeee 
829138 .. .. 
8291<41 .. .. 
829158 ... . 
829168 .. .. 
829178 ... . 
829188 ... . 
8291518 ... . 
t292tt eeee 
829218 t8tt 
829228 0eee 
t2923t •••• 
t2512 .. 8 eeee 
829258 .. .. 
821i126e .. .. 
129271 .. .. 
t21i1288 ... . 
8292518 .. .. 
821i13te .. .. 
821i1318 '"' t21i1321 ... . 
8251338 ... . 
821i13<48 .. .. 
128358 ... . 



cusruN Listing (Continued) 

I,<HTST~,.EQ.I .OR. NISTYP.EQ.2) QO TO lttt 13~368 teet 
Qo To l ft&A ea&37t •••• c ... aa~31t •••• 

c ea;3ee •••• c ea;4ee •••• 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ea&41t aeee C ~OCK TUHHEL OR 5~FT 12~421 tate 
c •••••••••••••••••••••******•••••••••••••••••••••••••••••••••aaaaaa ee;43t •••• c ta&••• •••• C II II A FLOW INDICATOR 82;461 atte 

c 
c c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c c 
c c c 

11 II•4 ea;•s• ''" 
------------------------------------------------------------------ 12847. • ••• LINING FOR YATER PRESSURE 82;481 tete 
------------------------------------------------------------------ ea;4;e •••• PUATER•62.41CELWATR•ELAVQ ) 82&Set tttt 
IF<ITVPE.EQ.1> RQD•A <I,6l 12iS1t 8888 
IF<ITYPE.EQ.2> RQD•8CI,6> 82i52t tttt 
UEI ·•· ea;s3e eeee 
IF THE UATER LOAD IS ZERO, ASSIGN PUATER•e.tt1 FOR ESTI~ATINQ t2;S4t tttt 
LINING THICKNESS C ZERO VALUE ~AV MAKE RESULT INDEFINITE ) t2i55t tete 
IFCPWATER.LE.t.tll> PUATER•t.t81 82i568 teet 
IFCLINWT.EQ,f) PUATER•t.ee1 ea;s?e teet 
IFCITVPE.EQ.2> CO TO 21 ee;sae teet 

21 ~e .• ?~tl~~~~~~t'~~~::iei.•PUATERl =~=~== :::: 
QO TO 3t t2i618 8tte 

22 TL•t.?7E-1tiiFllt.861PUATERIJ1.iiEXPCSQRT CC 16.;-t.421ALOG<PWATER> > t2i628 8888 
1l12+1.32)) t2i638 •••• 

CO TO 3t 82i641 eeee 
23 Tt•3.8E-71C?.+4.6liF>IPWATERI*1·13SlEXPCSQRTCC6.S-t.5651ALOC t2i658 8888 

1CPYAT£R l )**2+t.17 )) 828668 eeee 
SET MIN. CONCRETE THICKNESS TO BE 8 INCHES. IF SHOTCRETE 828678 tete 
THICKNESS NOT INPUT, SET ~IN. TO BE 3 INCHES ea;&ae ttte 

31 IF(tiNIHG.EQ.l .AND. TL.tT.t.6666l Tt•t.6666 ee;s;t 8888 
IF<tiNINC.EQ.2.AND.TLIN.tT.t.ti1.AHO.Tt.LT.t.25l TL•t.25 t2i718 ttt8 
------------------------------------------------------------------ e2e11e •••• FLOW CONTROtED IV ROD VALUE t2i?28 ttee 
------------------------------------------------------------------ e2e13e eeee IFCRQD.G£.61.) GO TO 211 ea;?•e teet 
IFCRQD.LE.4t. > CO TO 118 82;758 etee 
~~~Et~~~L1ily~~~p~,E~N~oi''~~!~=P~~~T~g~.~: =~~~~EifH~~~~g~=~lHG =~~~~= :::: 
TO OlTAIN SIZE AT ACTUAL RQD t2i?88 tete 
II•t ea;?;e 8eee 
STORE THE ACTUAL VALUES OF LINING THICKNESS AND AQD 82&888 tete 
RQDD•RQO 82i81t 81t8 
TT•TL 82&828 till 
ASSIQN A FICTICIOUS RQD FOR THE FIRST PART OF INTERPOLATION CO"P 12;131 tltt 
RQD•41 82884t 1111 
------------------------------------------------------------------ 828151 .... RQD IS 41 OR LESS t2il&t ee .. 
------------------------------------------------------------------ 121171 •••• HAS A LINING THICKNESS IEEN INPUT. IF SO,C~PUTE AND STORE 828181 tltt 
EXCAVATED DI~HSION USING THIS THICKNESS 12&891 II .. 
CHECK FOR CIRCULAR SHAPE 128ilt till 

C 111 IFCIIHAPE.EQ.l> QO TO C111t121l(.~EX 12&811 teet 
C IH~'E IS HORSESHOE OR lASKE HAND E 128821 till 

COft,UTE DEPTH OF STEEL RII SUPPORT t2883t tete 

(Continued) 
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CQSTUN Listing (Continued) 

WEI •<t.l8<411,+3.35 l~12. 

C i2H~iN·1~N~L EKCAU~TlON 
llt WCI •<t.l54aiF+t.1?•t.t64lRQDl/12. 

QO TO 13t 
C ~L£ EKC~VATION 

lit W£1 •<t.lt7aiF+t.131-t.t521RQDl/12. 
131 IFCWEI112 •• LT.4.tl UEI •4,/12. 

C lS SE~ENT LINED OR UNLIHED 
1~5 IF<LINIHQ.GT.t> QO TO 1St 

c· NO LINING 
IE•IF+W£118. 
TL•t.t 
QO TO 4tt 

C LINED 
C CHECK FOR LINING TvP£ 

151 IF<LINING.EQ.ll GO TO 171 
C CALCULATE EKCAUATED Dl~ENSION FOR SHOTCRETE 

IFCTLIN.CT.I.tl1l CO TO 168 
C CHECK IF RIB THICKNESS + 3 IN. .QE. THE LINING THICKNESS 

162 IFCWEI +8.25 .QE. Tl) CO TO 155 
8E•BF+2.*TL 
QO TO 488 

155 IE•BF+UEB•2.+8.S 
QO TO -488 

C CHECK IF THE QIUEH LINING THICKNESS .LT. THAT FOR UATER PRESSURE 

c 

c 

c 
c 
c 

c 

161 IFCTLIH.LT.TL> ~STAKE•2 
IF<TLlH.LT.TL) QO TO 152 
TL•TUH 

165 IFCWEI +t.2S.GE.TL> GO TO 155 
BE•IF+2.1TLIN 
CO TO 411 
CONCRETE 

171 TL~IH•UEI +1.333 
IFCTL.LT.TL"IN> TL•TLPIIN 
YAS A LINING THICKNESS INPUT 
IFCTLIN.CT.t.ttl> QO TO 175 

17<4 IE•IF+I!.ITL 
QO TO <411 
CHECK IF THE GIVEN LINING THICKNESS .QE. PIIHI~UPI DI~. REQUIRED 

175 IFCTLIN.QE.TLMIN> QO TO 176 
ERROR - TL INPUT IS HOT THICK ENOUGH. PRINT UA~NINQ 
WAS THIS A TUNNEL OR SHAFT 
IF<1TVPE.EQ.1l YRITECL0.1111> NTSEC.HREACH 
IFCITVPE.EQ.2) URITECL0.1t11> NSSEG.NSHAfT 
PISTAKE•1 
CO TO 17<4 
CHECK IF THE GIVEN LINING THICKNESS 

171 IF<TLIH.LT.TL) QO TO 1?7 
IE•IF+2.1TLIN 
TL•TLIN 
QO TO 411 

177 I'ISTAIC£•8 
QO TO 1?-4 

• LT. THAT FOR U~TEA PRESSURE 

t2SJSJ<4t tete 
t2ii5t tete 
t2iilt .. .. 
t2ii71 .. .. 
12i98t "'' 82i9it .... 
13ttee "'' t3tt1t "" neeae Met 
83te31 .... 
0311<41 "" t3eese eeee 
t3tt6t .... 
831878 0118 
138888 ltte 
131898 .... 
838188 eee8 
831110 8888 
838128 8080 
830138 eee8 
038H8 80t8 
030158 eeee 
038168 .... 
830178 8881 
838188 .... 
131190 8888 
838280 ee8e 
038210 8180 
838228 8888 
831238 8181 
838248 .... 
831258 eeee 
838261 eeee 
838271 eee8 
838281 eee8 
838291 8881 
838388 .... 
830318 eee8 
838328 eee8 
138338 eeee 
t31348 8tee 
830358 0881 
131368 tell 
8383?8 8888 
838388 .... 
8383518 eeee 
131<418 .. .. 
131<411 .. .. 
138421 .. .. 
138<431 .. .. 
131<441 ltet 
131<451 ltel 
131<4&1 ttel 
831471 lttl 
131418 .... c c c c 

------------------------------------------------------------------ 138.88 •••• RQD IS GRE~TER THAN OR EQUAL TO 61 131511 ltlt 
------------------------------------------------------------------ 131511 •••• 
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C HAl ~ LINING THICKHESS IEEH INPUT f3QS20 0181 
Itt IF<TLIH.QT.t.ll1> CO TO 231 838531 0081 

C It IE~ENT LINED OR UNLINED 8305~0 8081 
lF<LtNIHQ.QT.I>GO TO 216 131560 lilt 

C UNLIHED 838568 0081 
TL•t.t 83t57e e0ee 
IE•IF 831581 e0ee 
ao To ~.. e3es;e e8ee 

211 IE•IF+2.aTL 831611 8081 
ao TO 411 831610 e8et 

c LINING TVPE e3ee20 eeee 
a31 IFCLIHING.EQ.2l GO TO 251 131630 8881 

C CONCRETE 838640 8808 
IF<TLIN.LT.I.666l GO TO 261 138651 eeee 
GO To a&l 030660 e000 

C INPUT ERROR - Tt INPUT IS NOT T"ICK ENOUGH, USE Tt•8.667 830670 8000 
C IF ERROR ~ESSAQE UAS ALREADV PRINTED,SKIP 1T NOU 838680 0880 

261 IFCMSTAKE.EQ.1l QO TO 216 030690 8000 
IFCITVPE.EQ.l l URITE<L0,1010l NTSEG,NREACH 030700 8000 
IF<ITVPE.E0.2l URITE<t0,1011l NSSEG,NSHAFT 038710 0800 
00 TO 216 838720 0000 

C CHECK IF THE GIVEN LINING THICKNESS .tT. THAT FOR UATER PRESSURE 83e730 0000 
258 IF<TtiN.tT.TLl 00 TO 275 0307~0 8000 

IE•IF+2.tTLIN 030758 0000 
Tt•TLIN 030760 0800 
GO TO ~et 030778 0000 

276 "STAKE•2 030780 0800 
Go TO 216 030790 0ee8 

c ------------------------------------------------------------------ e3eaee eeee C OVERIREAK DIMENSION 030818 0800 
c ------------------------------------------------------------------ e3es2e eeee C UHAT IS THE E~CAUATION METHOD 830838 8808 

411 IFC~E~.£0.2> BOI•IE 038840 8008 
IFC~E~.EO.l> BOB•IE+C258.-ROD>*CBE+10.>/2S80. 838850 8800 

c 838860 000e 
c ------------------------------------------------------------------ e3es1e eeee C ROD IETUEEN ~8 AND 68 830880 8000 
c ------------------------------------------------------------------ eJesge eeee IF<II.tT.3> co TO 45t e3esee 0eee 

BE4t•BE e38910 0000 
IE61•1E 030920 00ee 
IOI4t•IOI e3e;30 eeee 
80I6t•BOB 038940 0000 
co To see 030;s0 ee0e 

451 IFCII.GE.2> 00 TO 501 038960 8080 
C STORE IE AND 101 COMPUTED USING FICTICIOUS ROD•48 830;70 0881 

8E4t•IE 030;90 e000 
IOI~t·IOI eJegge e8ee 

C REDEFINE ROD TO A FICTICIOUS VALUE OF 60 FOR SECOND PART Or 831880 0808 
C INTERPOLATION CO"PUTATION 031818 080t 

RQD•&e. e31ea0 eeee 
C RE-ESTABLISH INPUT UALUE OF ~INING THICKNESS FOR PURPOSES OF 031838 eeee 
C THE CHECK IN STATE~ENT 211 831t~8 1888 

Tt•TT 131ese ee00 
C REDEFINE FLOY INDICATOR 831868 8018 

II•II+l 831170 tilt 
C 

oo To ae1 1311ae eeee eJtese &eel 
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c ------------------------------------------------------------------ 131111 , •• , C STORE IE AND 101 CO"'UTED USING FtCTICIOUS AQD•6t 031118 0008 
Itt IE .. •IE 031121 0811 

10111•101 131131 •••• 
c 1311~· •••• 
C CALCULATE IE AMD 101 tv INTERPOLATINC IETWEEN IE ~MD 101 t31l&t ettt 
CC VALUES AT RQD•~t AND RQD•6t 031161 teet 

131171 0tlt 
IE•IE~I+CRQDD-~I.l/ci •• <IE61-IE~tl 131181 0081 
IOI•IOI~t+CRQDD-~I.l/21 •• <10161-IOI~Il 8311;t ttlt 

c 131211 tttl 
661 IF<LIHINC.HE.1l CO TO 6tt 831210 0101 

C CO~UTE THE AVERAGE THICKNESS FOR THE CONCRETE LINING 031220 0088 
C WHEN THE RQD IS IET~EEN ~~ AND 61 031230 0080 

TL•<IE-IFl/2. 0312•0 0eee 
c 031250 0000 
c 031260 eeee 
c ------------------------------------------------------------------ e3121e eeee C SET VARIABLES FOR SHAFT OR TUNNEL SEGMENTS 031280 0800 
c ------------------------------------------------------------------ 031290 eeee 6tt IF<ITVPE.EQ.2l CO TO 780 031380 8800 
C TUNNEL SECMENT DATA 031310 8880 

Ati,3;>•BE 03!320 0eee 
ACI,~tl•BE~t 031330 8880 
ACI,~1l•BE6t 0313~0 8000 
A<I,~2>•BOB 031350 0000 
ACI,~3>•toa~e 031360 ee0e 
Ati,~~>·Boase 831370 0000 
ACI,62l•WE8 831380 8080 
ACI,6~>•PYATER 0313;8 0800 
ACI 11> • TL 031~08 8088 
IFtASTAKE.EQ.2> YRtTE<L0,2718l NTSEC,NREACH 031410 8080 
GO TO ~~•• 031~20 0eee 

c 031.30 0ee0 
C SHAFT SEC"ENT DATA 031 •• 0 8880 

?tt t<I,2;>•BE 031450 eeee 
ICI,31>•1E~I 031.60 0000 
1<1,31>•BE&e 031478 eeee 
ICI,32>•BOI 031.88 0808 
J<I,33>•BOB~I t3t•;e 0000 
1<1,3~>·BOI6t 031508 0eee 
J<l,~t>·~EI 031518 0eee 
BCI,~3l•P~ATER 031528 8800 
B<I 11> • TL 031530 8801 
1Ft~STAKE.EQ.2l UAITE<l0,2711> HSSEG,NSHAFT 031548 0888 
ao To •eee 031551 0000 

c t3156e 0000 
c 131570 0eee 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 131580 0100 C SOFT GROUND TUNNELS AND SHAFTS 1315;8 0008 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 031688 1108 
lilt BE•IF 131618 01ee 

M•t 131620 eeee 
t2•t 031638 0eee 
TANPHI•TANCPHIIPI/188.) 0316~0 0100 

c ----------------------------------------------------------------- 131&51 ., •• C "INI~U~ SUPPORT SIZE 831661 8810 
c ----------------------------------------------------------------- 8316?t .... 
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QO TOC11t11 1111.11131 111SltlSUPPT 831681 8081 
C CAST I~OH tEG"EHTED ~UPPOR 031651 tate 
1111 TIEGftH•I.IIII 831781 tltl 

"L"IH•I.tl 131718 1118 
,,.4 t317a8 eeee 
GO TO 1114 831738 1188 

C ~EC~ST CONCRETE SEGNENTED SUPPORT 8317~8 1118 
1ttl TSEG~•l 831768 1188 

TPL"IN•I.125 131768 1118 
FF•2 131778 8118 
QO TO 111~ 831788 1188 

C STEEL SEQ"ENTED SUPPORT 8317it 8118 
1113 TSEC"N•t.683 831888 8888 

TPL"IH•t.l3 831818 8188 
FF•4 831828 8tte 

111~ IF<TLIN.CT.I •• AND. TLIN.LT.TPLNIN l GO TO 1118 831838 8888 
IF <TLIN.CT.TPLNIN l CO TO 1825 8318~8 8888 
co TO 18ts 831858 8tte 

1125 IFCEL~ATR.LT.ELAVG .OR. LINWT.EQ.t ) GO TO 1826 831868 8088 
GO TO 188S 031878 8088 

C WHEN WATER PRESSURE•t1 INPUT LINER THICKNESS GREATER THAN ~INI"u~ 831888 8088 
C VALUE WILL BE ACCEPTEv 8318i8 0088 

112& I2•1 831i88 8t8t 
TPLATE•TLIN 831i18 1008 
CO TO 2354 831i28 0888 

C STEEL SEGMENTED SUPPORT 831i3t 0888 
1115 IF<LINING.EQ.2 ) CO TO 1186 831i~t 8818 

TLNIN•I.6666 831iS8 tttt 
IFCTLIH.CT.I •• AND. TLIN.LT.TL~INl CO TO 1888 831968 0818 
CO TO 111; 831;78 tttt 

1116 TL"IN•I.333 831988 0188 
IFCTLIN.CT.I. l TL~IH•I 831998 8888 
00 TO 1tiS 832888 8088 

C INPUT LINEA OR LINING THICKNESS LESS THAN NINI"U" VALUE 832818 8088 
1118 "STAK£•1 832828 8888 

c ----------------------------------------------------------------- e3ee3e eeee C UNIT WEICHT OF SOIL 8328~8 tt88 
c ----------------------------------------------------------------- e32ese eeee 111; IIEE•BE 832861 8888 

H•N+1 132870 8ee0 
SEQDEP•ELSURF-ELAVQ 832888 8180 

C CHECK FOR QUT ABOVE GROUND SURFACE 832098 8811 
IFCELUATR.CT.ELSURFl CO TO 18~6 832188 8181 

C CHECK FOR SEGMENT BElOW CUT 832110 8818 
IFCELAVC.LT.ELUATR) 00 TO 1815 832128 ett0 

C CWT IS IELOW SEC~HT 832138 8818 
SICCAH•SECDEPIOAM~A 13a1~e 8888 
IF<SEQDEP.LE.2.&1E > CO TO 1812 832161 tell 
CAftftAA•CAMMA 832168 1181 
CANMAI•GAMMA 832171 1111 
GO TO 1151 132181 tell 

1112 CANMAC•QA~NA 1321it 8811 
GO TO liSt 132218 1181 

C SEG~EHT IS IELOU CUT 132211 1181 
1115 SIGCAH•DWATERIGA""A+ C ELWATR-ELAVQ )t(QA~MA-62.~ > 132221 1181 

IFCSECDEP.L£.2.11E > CO TO 1131 132231 1111 
IFtDUAT£R.QT.2.11E l GO TO 1121 1322~1 1111 

C SEGMENT IS DEEPER TH~N 21E AND GWT IS WITHIN 21E OF GROUND SURFACE 132251 1111 
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Q-""~•CQ~~"AIDW~TER+CGA~-&2.4 )1 C a.atE-DW~T£R) )/I i.tiE l 132261 8881 
Q~AI•CG-M"~-12.4> 132271 eee8 
QO TO Stst 132281 etet 

C IE~T ~HD QWT ~E lOTH DEEPER T~H 21E 1322il 1811 
Slit G~·~~ 132311 eeet 

G~"AI•CQ~~AI CD~TER-2.11E >+CCA~-6a.4 >t 1 ELWATR-ELAV~ ll 83a318 teet 
1/CSEGDEP-a.atE > 132328 eeet 

QO TO 1tll 832338 teet 
C SEQ"EHT IS WITHIN 21E OF ~ROUND SUR~~CE 132341 eeat 
ttlt Q~"AC•CQA"ftAIDW~TER+ IGA~-&2.4 > 1<ELWATR-ELAVG l l/SEGDEP 1323&8 ee88 

GO TO 1161 132l&t ~8ee 
C GWT IS -lOVE GROUND SURFACE 132378 1181 

1146 QA~~~A•QA~~A-62.4 132388 teet 
a~~A•·~M~-62.4 t32Jae eeee 
QA""AC•G~~A-62.4 t324te t81t 
SIGCAH•SECDEPICGAM"A-6S.4 > 832418 0eee 

C ADJUST UNIT ~EIGHTS OF SOIL ~OR DRAINED SEGMENT 032428 0888 
1151 IF CliNWT.EQ.l> GO TO 1111 032438 0880 

GA"~AA•GA"~A 832440 t88t 
GAM"AB•GA""A 032458 0888 
GA""AC•GA""A 032460 00tt 

c ------------------------------------------------------------------ eJa•?e eeee C E~PRESS SOil STRENGTH IN TER"S OF EQUIVALENT PHI 032488 0880 
c ------------------------------------------------------------------ e324;e eeee 1ltt PHIEOR•ATAH<COHESNtSIGQAH+TANPHI > 032500 8880 

PHIEQ•PHIEQRt18t. t PI 832510 8880 
IFCPHIEQ.QT.45. > PHIEQ•4S. 832520 eeee 

c ----------------------------------------------------------------- e3253e eeee C TUHHEL AND SHAFT lOADS 032541 eeee 
C ----------------------------------------------------------------- 132SSI eeee C ESTAtLISH SEQMEHT TVPE AND SHAPE FACTORS 832560 8888 

IF CSEGDEP.lE.2.11E> CO TO 1381 832570 8880 
F•t.e 032581 e888 
FSHAPE•1.1 8325;8 8888 
IF CITVPE.EQ.1) CO TO 1110 832600 1818 

C SHAFT SEC"EHT 032618 1888 
F•l.s 032628 8881 
FSHAPE•I.S 832638 0088 
IFCISHAPS.EQ.2 ) F•l .6 132641 8881 
IF CISHAPS.EQ.2 > FSHAPE•8.6 832658 0088 co To 12e1 0326&1 0010 

C TUHNEL SEGMENT 832678 0888 
1111 IF<ISHAPE.EQ.3 > FSHAPE•1.2S 132688 8888 

c ------------------------------------------------------------------ e3asve eeee 1211 PSOil•2.tiEIGA~MAAIF+ C SECDEP·2.1BE >I C 8 . 34-PHIEQ112 ,/6181. >1 032781 8888 
1 GA~MAitFSHAPE 032718 8101 

QO TO 1311 132728 8818 
1311 F•1.1 832731 8811 

IF<ITVPE.EQ.1> QO TO 1311 132748 8188 
C SHAFT SEGMENT 032761 8111 

F•l.s t327&8 e1e1 
1FCISHAPS.EQ.2> F•t . 6 132778 1188 

1311 PSOIL•SEGDEPtQAM"ACIF 132788 8811 
e ------------------------------------------------------------------ e3e?ve •••• 1311 IFCLINUT.EQ.1> GO TO 1321 832818 8188 
C DR~INED 832118 till 

PWATER•I 132121 8811 
QO TO 1331 138131 lett 
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C ~TERTIQMT 832148 ~811 
1311 PW~TER•II •• aCElWATR•ElAVQ l 132861 0111 

C QWT l£l0W SEQ~EHT 132868 3111 

IFCPW~TER.LT.t. l PWATER•I 132878 0181 
1331 ,CISUPPT.LE.l .AND. TLIH.CT.TPl~INl CO TO 1331 132888 ltlt 

PTOTAL•PSOil+PUATER 132&;8 1111 
QO TO 81.. 132&11 1111 

C INPUT LINER THICKNESS GREATER THAH MINI"U~ VALUE WILl BE CHECKED 132;11 tete 
C ~OR WATER PRESSURE 132;21 1111 

,331 PTOTAL•PWATER 132&38 8118 
C IF PSOILL PUATER1. OR PTOTAL EOUAl t, THEN ASSIGN A VALUE OF t.tll 132;~e till 
C FOR ESTI"ATINC SuPPORT SIZE 132951 1111 
2ttt IF<PSOIL.LT.I.tt1l PSOIL•I.tt1 832;&e 1111 

IFCPWATEA.LT.I.tl1 l PWATER•I.tl1 132978 8818 
IFCPTOTAL.lT.I.It1l PTOTAL•t.tl1 832;88 8118 

c ----------------------------------------------------------------- e3agge eeee C SUPPORT SIZE 833088 1110 
c ----------------------------------------------------------------- e33e1e eeee GO TOC2108~221t,23ttL2~tlltiSUPPT 833020 8000 
C CAST IRON ~EG~ENTED ~UPPOR 133031 0000 
21tl TPLATE•7.E-6aBF**8.68iPTOTALiJ8.78 8330~0 0000 

CO TO 2350 833151 0010 
C PRECAST CONCRETE liNER 833060 0011 

2211 IFCITVPE.EQ.2l CO TO 2235 833171 0010 
C TUNNEL SEGMENT 833080 0088 

2211 ~~t~~~~~~S~~-i~~=:f!i~.~~~~FlJPTOTALI11.6JEXPCSQRT CC 6 .6-0.56JALOG =~~t~: :::: 
lCPTOTALlll12+8.t16)) 833118 8008 

GO To 2358 833128 ee88 
2221 TPLATE•2.6E-71C8.1+8.8~~11Fl*PTOTAL*il.38iEMPCSQRTCC~.25-8.?751 833138 0881 

1ALOCCPTOTAL>>JI2+8.t~8l> 8331~8 0808 
co TO 235t 833158 0ee8 

2231 TPLATE•6.SE-81Ct.1+8.t4~11F>IPTOTALIJ1 •• 8JEMPCSQRTCC11.3·8.~~~ 833168 0088 
lALOGCPTOTALlll*2+t.21)l 833171 0888 

CO TO 2358 833188 8800 
C SHAFT SEC~ENT 8331~0 8808 
2235 IF<ISHAPS.EQ.1l CO TO 2218 133288 8888 

TPLATE•6.8E-7*C5.+ •• 711F>JPTOTAL1i8.~3*EXPCSORTCC5.22-8.451ALOG 833218 8800 
lCPTOTALl>*l2+8.88ll 133220 8880 

Go To 2351 833238 e8ee 
C STEEL SEG~ENTED SUPPORT 833248 8818 

2311 IFCITVPE.E0.2> GO TO 2335 833258 8888 
C TUNNEL SEG"EHT 833268 8888 

IFCISHAPE-2> 2318,2328,2338 833270 8888 
1318 TPLATE•6.i5E-71BF**I.81PTOTAL118.88 833281 8811 

oo To 2351 833298 8888 
1321 TPLATE•6.6E-41IFJII.?~IPTOTAL1Jt.3~ 033388 8818 

QO TO 2361 833318 eeee 
2331 TPLATE•8.SE-~11Fiat.?11PTOTAL*18.38 133328 t8tt 

00 TO 2351 833338 ee .. 
C SHAFT SEGMENT 8333~8 8818 

2336 IFCISHAPS.EQ.1> QO TO 2311 133351 1818 
TPLATE•t.ttli1Falt.7S*PTOTALI11.38 133368 tttt 

13St IF<TPLATE.lT.TPL"IHl TPLATE•TPL"IH 133378 8881 
C IHPUT LINER THICKNESS GREATER THAH CO"PUTED VALUE WILL IE USED 833388 1811 

IFCTPLATE.tT.TLIH> TPLATE•TLIN 833388 1888 
IFCTLIN.OE.TPL"IN .AND. TLIN.LT.TPLATE> "STAKE•3 833~11 lltl 

13&4 T8EO•FFJTP~ATE 133~11 8111 
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----- - -------------- --------------

c 

I'<TIEO.LT.TIEQ"N) TSEG•TSEC"h 833~20 eeee 
IE•IF+I.ITSEQ 833~30 &aa~ 

;
'<ITVPE.EQ.2 l QO TO 2361 ~ ~~vv '~l $[QM£Wf 833~~~ 8180 
~ , n e33~St teee 

~<1,38>•1£ t33•&e eee0 
~CI,88)•TPL~TE 833.78 tete 
~<I,ll)•fSEQ 133~88 teet 
~<I,Ill•PSOIL t33~&t ttt8 
~CI,I~)•PW~TE~ 833518 08tt 
ACifiSl•PTOTAL 833518 tee~ 
QO 0 2611 833528 8888 

C SHAFT SEGMENT 033538 8888 
2361 J<I,2Q)•IE e335~e eeee 

ICI,41)•TPLATE 833558 0888 
ICI,11l•TSEC 833568 8888 
I<I,31)•PSOIL 833570 8888 
ICI,~3)•PWATEA 033588 8088 
I<It31>•PTOTAl 0335;0 0888 
co o 2688 033600 eeee 

C STEEL RIB ~ITH LINING 033610 0880 
C liHINQ THICKNESS 033620 0680 
C FOR CUT-AND-COVER SHAFT CONCRETE liNING IS TO RESIST PSO:L+PUATER. 033638 0860 
C UMEN INPUT LINING GREATER TMAN 8 IH •• THICKNESS IS CHECKED FOR 033648 0680 
C UATER PRESSURE OHLV 033650 0880 
2411 IFCICUTNC.£0.1 .AND. TLIN.LT.t.666 l PUATER•PSOIL+PUATER 833660 8888 

IFCITVP£,£0.2) GO TO 2435 833670 8688 
C TUNNEL SEG"ENT 033688 8880 

2411 fl~l~~:;~;~~A~~A~c~:;:,~~~=UATER l =~~~~= :::: 
GO To 2~45 833710 0ee0 

2421 TL•t.77E-1811FIJI.861PWATERI11.QIEXPCSQRT<< 16.8-1.~2JAtOG CPUATEA ll 033720 8888 
1112+1.32> > 033738 0000 

co To 2~45 033748 0100 
2~31 TL•3.8E-71 < 7.+~.611F >IPUATER111.0351EXP C SQRT IC 6.S-8.565JALOQ 833758 8880 

1 ( PIJATER) )112+1 .17 l ) 033768 8880 
oo To 24~5 033778 81t0 

C SHAfT SEG"ENT 033788 8880 
2~35 IF <ISHAPS.EQ.1 > GO TO 2418 0337&8 8888 

TL•3.6E-S1<7.+4 . 611F l iPYATEA118 . 681EXP ISORT CC 2 . -t.1851AtOCCPUATER l 033888 8888 
1>112+1.84 >> 033818 000e 

2~45 IF CTL . LT.TLMIN > TL•TLftiN 033828 8888 
C INPUT LINING THICKNESS GREATER THAN CO"PUTED VALUE UILL BE USED 033838 0818 

IFCTL.LT.TLIN l TL•TLIN 033848 00tt 
IF<TLIN.GE . TL~IN .AND. TLIN. tT.TL > ftSTAKE•3 033850 0888 
IFCICUTHC.EQ.8 ) GO TO 2581 833860 0808 
IJEI•8 e33B70 000e 
QO TO 25~5 833888 0008 

2588 ll•BF+B.ITL 0338&8 0808 
C STEEL RII SIZE 133818 8818 

IFCITVPE.EG.2> QO TO 2536 t33i11 0eee 
IF<ISHAPE-2> 2511,2521,8638 833&21 eeee 

C TUNNEL SEQ"'NT 833Q31 1881 
2611 UEI•I.t11518111t.3QIPS01LIIt.33 833Q41 ltte 

QO TO 2548 t33QSt eete 
8&21 W£1•8.1&6111118.761CPSOIL11881. l ll(l.611111(-1.3)l 1338&1 1881 

QO TO 2&48 833Q71 1118 
2&31 WEI•I.t67li1118.711CPSOIL11IIt. >ll<t.S66*1111 C-t.28) ) 833881 teet 

QO TO 25~1 t33QQ8 tete 

, 
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C I~T IEQ"EHT 13~881 8811 
1131 I'<I~PE.EQ.1> GO TO 1&11 83~811 8111 

W£1•1.1111111.?1CPSOIL11Itt. )lltl.31&•t.tl27111 > :~:=~= :::: 
1141 I'<WII.LT.t.S> W£.•1.5 13~8 ~1 1~11 141 !E•I,+I.ITL+I.IWI ~ ~ • 

'<ITVPE.EQ.2l QO TO 2551 134151 1111 
~ci.l8>•1E 13~861 la8t 
~<,.&&>•WEI 13~178 8188 
~( 11 >•TL 83<4888 1811 
~ci:83>•PSOIL 834181 1811 
~<l.l4l•PW~TER 134181 1881 
~Cif&Sl•PTOTAL 834111 8811 
QO 0 2811 134128 8181 

ISSt IC1.28l•IE 13<4131 8181 
ICI,41l•WEI 83~148 8188 
JCI.ll l •TL 83~158 8881 
I <I,31 >•PSOIL 834168 8888 
ICI,43 >•PUATER 834178 8888 

C ~l~~1 lFPI~~o' THICKNESS ACCEPTED WHEN WATER PRESSURE•t :~:1:: :::: 
2818 IF<I2.EQ.1> GO TO ~ttl 834288 8888 

C CHECK IF ASSU"ED ' IE ' IS WITHIN ONE PERCENT OF CO"PUTED ' BE ' 834218 tete 
IF<JEt BIEE.LT.e.;g .OR. BEt BIEE.GT.1.81 > GO TO 1888 834228 8888 
IF<ITVPE.EQ.2 > GO TO 2615 834238 8818 
IFCMSTAKE.EQ.l > URITECLO,ll18> HTSEG,NREACH 834248 8888 
IF<MSTAKE.EQ.3 > URITE<L0.271t > NTSEG,HREACH 834258 1888 
GO TO 41tt 134268 8888 

2&1& IF<MSTAKE.EQ.l ) WRITE<L0,1111 > HSSEG,HSHAFT 134218 1088 
IF<MSTAKE.EQ.J l URITE<L0,2711 l NSSEG,HSHAFT 134288 1088 
Go TO 4ttt 834288 eee8 

c 834388 8108 c 834318 1881 
c 834321 1888 
c 834338 8888 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 834348 8888 
C CUT AHD COVER ONLV 834351 1888 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• e3•3&8 eee8 c 834370 eeee 
c ------------------------------------------------------------------ 83~381 •••• c DATA 8343;8 8te8 
c ------------------------------------------------------------------ e344ee •••• 2811 IF<ITVPE .EQ.2> GO TO 33tt 834418 tete 

ELROCK•A < I~27> 834428 tete 
ELI"P•A c t6~4> 834431 eeee 

~f="~~~i 1 2~ ) =~:::: :::: 
DROCK•ELiURF-ELROCK 834<468 teet 

~·~~ot~~=~=~~~~=~~~~'1 lt > :~::•: :::: 
IFIHT•TRDATA C HRE~CH, a > 134<4;1 tell 
IIOK2•TRDATACHREACH,13 > t34Stl tltt 
IDECK•A<I,IS> 134S1t etee 

!·O~~~i=~A,~IlAuc :~:~~ :::: 
IF<IIOK2.EQ.1 > QO TO 3111 134&48 tilt 
IOMWDT•IFIWDTtNIOK t3•Sse 1811 
IOKHT•I,JHT 134&1t tilt 
QO TO 31t1 t34&71 ttlt 
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3tlt IO~DT•IFIYDTII. 83~581 1888 
IOXHT•IFJHTII. 83~Sgl 8888 

3ttl ~~i:i!.... 83~681 •••• 
TROOF•I.t 134611 tlt8 
TIHUT•t.t 134621 ttl~ 
TlNtl•t.t 834638 tttt 
TIN~L•t.e 034641 tilt 
T£KYL•t.l =~:::: :::: 
~~~2,:::: =~:=~= :::: 
K•t t34&8e •••~ 

c ------------------------------------------------------------------ eJ~?ee eeee 3tt2 DTRNCH•DTUN+IFIHTI2+TINVT+TINSI/ 2. 034?11 teet 
DSOIL•DTRNCH 834?21 8888 
IF<DROCK.LT.DTRNCH > DSOIL•DROCK 834?38 8808 
TOTIOX•IFIHT+TINVT+TROOF+TIHSI 034?41 0888 
DROOF•DTRNCH-TOTIOX 834?58 8088 
YATPRI•t 834?68 eeee 
UATPRR•t 034??8 0000 
IFCDUATER.GE . DTRHCH> QO TO 3805 034?80 8800 
UATPRI•62.41 CDTRHCH-DUATER > 834?88 8088 
IFCDUATER.LT.DROOF> UATPRR•~ATPRI-62.4JTOT80X 034888 8888 

c . ------------------------------------------------------------------ 13~811 eeee C TRENCH PRESSURE FOR SUPPORTS 834821 8808 
c ------------------------------------------------------------------ el~a3e eeee 3116 SIG"AT•CA""AIDSOIL 8348~8 0888 

SIC"A1•QA~"AIDSOIL 834858 8808 
IYATER•ACI,23> 834860 8888 
STAINO•ACI 31> 8348?8 8t8e 
IF CDUATER.(T.DSOIL.AND.IUATER .EQ.t > SICMA1•GA~"AIDWATER+ C GAM~A- 834888 8888 

162.4>1CDSOIL-DUATER> 834881 1808 
IFCSTAINO.LT.8.t1 > STAIHO•CSIG"AT+SURCE >/C COHESH+CSIG~A1+SURCE >12. 834881 8818 

11C1-SIN<PHIIPI118t. >>lTANCPHilPI/ 188.>> 834811 tt88 
IFCISUPPT.EQ. S,OR.MEX.EQ.?> CO TO 3818 834821 8888 

C SLURRV UALL TRENCH SUPPORT 834831 8888 
TREHPR•I.31SIC~AT 834S~I 8888 
IF CIYATER.EQ.1.AHD.D1t.CT.I.t8S> GO TO 3t2S 83~S5t 0811 
IFCDYATER.LT.DSOIL) TRENPR•I.3 l C GA"MAIDUATERli2 . +<CA""A-62.~ )l 834g68 8888 

1CDSOIL-DWATER >JI2.+2.tQAMMAlDYATERICDSOIL-DUATER >+2.l62.41<DSOIL- 134S?0 8800 
2DUATER lll2. )/ DSOIL 834g&0 8888 
co To 3t25 e34gs0 0eee 

C SOLDIER PILE 1 LAQCIHC TRENCH SUPPORT 835808 8818 
3111 TE"P1•1.61QA~"AIDSOILI C TANCPI 118t.IC45.-PHI/2 .>>>112. 835818 eeee 

TE"P2•2.41COHESNITAHCPI/ 18t.IC46.-PHI12. >> 136821 8111 
IF<STAIHO.LE.4 > QO TO 3115 835838 881t 
Tft•1.1-t.1lSTAINO 135141 8111 
IFCTM.LT.I.~ > TM•t.4 136851 lttt 
TREHPR•TE~P11 < PHI+t.83)/C PHI+I.62 >-TE"P21 < PHI+t.l3 l/CPHI+I.62llT" 135168 ttee 
QO TO 3128 t3St?t tilt 

311& TRENPR•TEMP11<PHI+t.14)/CPHI+I.3S > -TE~P21PHl /C PHI+I.2 > 135181 tttl 
31il IF<TRENPR.LT.t.l> TRENPR•8.t 135181 1181 

c ------------------------------------------------------------------ 135111 ••• , C EARTH PRESSURE FOR 10~ "'"I£RS 835111 t8tt 
3tl5 ERTHPR•I.SIQA~"AIDTUN 135121 1118 

e ------------------------------------------------------------------ t3&131 •••• C THICKNESS OF lOX ~E"IERS 135141 lite 
C ------------------------------------------------------------------ 13S1SI etll 
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ULTCO"•S.I11t.ll3. 83516~ 8080 
~LLCO"•t.~&IULTCO" 835170 0080 
~xr~L~·•·• 83518~ t08e 
~xi~Ls·•·• 0351et 00te 
PSOIL•ERTHPR+SURCE 835210 0088 
J•t tJ5210 0000 

C SOIL ~ND U~TER LO~DS ON lOX "E~IERS 835228 8081 
C INPUT THICKNESS UILL NOT IE USED 035230 aeee 

IFCTLIN,QT.t.tl URITECL0,3588 1 NTSEG,NREAC~ 035240 0000 
c ------------------------------------------------------------------ e3s2se eeee C ~XIAL LOAD ~ND UNIFOR" LOADS 035260 8080 
3t3t J•J+1 035270 e0ee 

ao To <3t4t,305e,3t60,3t7e,3eae >.J 035280 ee00 
C ROOF SLAI 035290 0000 

3148 PTOTAL•GAM~AJDROOF/1,1+~TROOF+SURGE 035300 0080 
oo To 3152 835310 a8e0 

3158 TROOF•THICK/12. 035320 0000 
WTROOF•158.JTROOF 035330 0800 

C INVERT SLAB 835340 0000 
P~ATER•UATPRI-UATPRR 035350 0000 
PTOTAL•PTOTAL+PUATER 835360 0000 

3052 IFCUATPRI.EQ.0 . 0 ) GO TO 3855 835370 0000 
IFCUATPRR.GT.8.0> AXIALU•8.25JBOXHTI C~ATPRI+UATPRR > 835380 8000 
IF CUATPRR.EQ.8.0l AXIALU•8.25JBOXHTIUATPRit CDTRNCH-DUATER l/TOTBOX 035398 0000 

3tSS IF<DROCK.GE.DTRNCH > GO TO 3057 035400 0000 
IF CDROCK.LE.DROOF l GO TO 3058 835~18 0008 
PSOIL•PSOILJ CDROCK-DROOF )/TOTBOX 035~28 0000 

3157 AXIALS•8.51PSOILIBOXHT 835430 0000 
3158 AXIAL•AXIALU+AXIALS 0354~0 0000 

SPANL•BOXUDT 035458 0808 
GO TO 3188 835468 0000 

3t60 TIHVT•THICK/ 12. 835478 0000 
C INTERIOR SLAB 035480 0008 

IF CIBOX2.EQ. 1 ) GO TO 3162 835498 8000 
THICK•e.e 035580 e000 
oo To 3830 035518 8000 

3162 PTOTAL•4t0 . +UTINSB 835528 8000 
IF<WATPRI.EQ.0.0> GO TO 3865 835530 0000 
AXIALU•2.01AXIALW 835540 8000 

3065 IF<DROCK.LE.DROOF > GO TO 3067 835550 8880 
AXIALS•2.0.AXIALS 835560 0800 

3867 A~IAL•AXIALS+AXIAtU 035570 0800 
SPANL•BO~UDT 035580 8800 
GO TO 3100 035590 e000 

3178 TINSB•THICK/ 12. 035680 0880 
UTINSJ•158.1TINSB 035610 8000 
K•K+1 035620 eeee 
IF CK.EQ.1 ) GO TO 3002 835630 0088 

C INTERIOR ~All 035640 eeee 
AXIAt• <GA"~IDROOF/1,1+SURGE+UTROOF+UTIHSI+4&e. liiOXUDT 035650 8801 
SPANL•BOXHT 035660 0881 
IF<NBOX.QT.1 ) GO TO 3185 035670 eeee 
THICK•e.e 035688 e0e0 
GO To 3138 e356;e 1e0e · 

3881 TINUL•THICK/ 12. 835700 teee 
C E~TERIOR UAtL 835718 0080 

AXIAL•AXIAL/ 2, 035728 tete 
SPANL•IOXHT 035738 tete 
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lF(~T£R,Q£,DTRNCH.AMD.ISUPPT.EQ,6, lGO TO 3115 035740 0008 
IF(ISU,PT.EQ.&,OR,DROCK.tE.DRCOF > PSOIL•t.e 035758 eea8 
PW~TER•t.t ~35760 8188 
IF(~TPRI.EG.t.tl CO TO 3186 035778 0818 
IF<WATPRR.QT,t.l l PUATER• <UATPRI+WATPRR l/2, 035780 0008 
IF<WATPRR.EQ.t.l l PUATER•t .&•WATPRI* <DTRNCH-DUATER >/TOTIOX 0357;0 0800 

311& PTOTAL•PSOIL+PUATER 835880 0880 
c ------------------------------------------------------------------ eJsa1e eeee C THICKNESS CO~PUTATION 035828 0088 

31 .. ~O"ENT•I.liPTOTALlSPANL112 . 035830 0880 
THICK•AXIAL/ C24.1ALLCO" >+SQRT << AXIAL/C l2.*ALLC0~ >>*•2.+24.*MO"ENT/ 835840 0008 

1Attco" >/2, 035850 eeee 
Go To 3118 035860 ee8e 

311& THICK•AXIAL/ 18880. 035870 0808 
C COSTUN "INI~U" 035888 0088 

3111 IF <THICK.LT.8.8 l THICK•8.8 035890 0880 
C ACI REQUIREMENT 035980 0080 

IF <THICK.LT.SPANL*12, / 25. ) THICK•12.*SPANL/ 2S. 035910 0000 
IF CJ.LT.5 l GO TO 3030 035920 eeee 
TEXUL•THICK/ 12. 035930 0000 

c ------------------------------------------------------------------ 035940 eeee C FINAL OVERALL BOX Dl"ENSIONS 035950 0000 
TOTBOX•BFBHT+TROOF+TINVT+TINSB 035960 0000 
UDTBOX•BFBUDT+2.1TEXUL+<NJOX·1 l*TINUt 035970 0000 
BE•WDTBOX 035980 0000 

C FINAL TRENCH DEPTH 035990 0000 
DTRNCH•DTUN+8FBHT/ 2,+TINVT+TINSI/ 2, 036000 0800 
DSOIL•DTRNCH 036010 0000 
IFCDROCK.LT.DTRNCH> DSOIL•DROCK 036020 0000 
DROOF•DTRNCH-TOTBOX 036030 8000 
coNSTR•6.e 036040 0000 
IFCDROCK.GT.DROOF.AND.ISUPPT.NE.6 l BE•BE+CONSTR 036050 0000 

C INITIALIZE 036060 8000 
~TUALE•I. 036070 0800 
~TSTRT•e. 036080 ee00 
UTANCH•I, 036090 8080 
UTSP•t. 036~00 eee0 
uTSPD•e . 036110 e0e0 
SPDLT•e. 036120 0ee0 
DSP•0. 036130 0ee0 
DSPD•e. 036140 eee0 
SIDESL•e. 036150 0000 
DSLURV•0.0 036160 e0ee 
IF<MEX.EQ.7 ) QO TO 3140 036170 0000 
IF<DROCK.LT.8.1 > GO TO 3198 036180 0880 
IF<ISUPPT. EQ.S l GO TO 3120 036190 0000 

c ------------------------------------------------------------------ e3saee eeee C SLURRV WALL SUPPORT SVSTE" 036210 8880 
c ------------------------------------------------------------------ e36221 eeee C CO~PUTE LENGTH OF SLURAV UALL 036230 8808 
C IS ROCK LIHE ABOVE TRENCH BOTTO" 836248 8018 

IF<DROCK.LT.DTRNCH> GO TO 3117 836258 8808 
C IS ROCK LINE SMALLO~ER THAN 8 FT BELO~ TRENCH 036268 8808 

IFCDROCK,LT.DTRHCH+8, > QO TO 3116 836270 8080 
C IS QROUNDUATER TAitE BELOW TRENCH BOTTO~ 036288 8810 

IF<DUATER,QT.DTRNCH > QO TO 3115 036298 8881 
IF<IUATER.EQ.1 .AND. D18.CT.t.ttS> CO TO 3115 t3

6
63tt

1 
t
8
1!! 

IF CD1t,QT.t.IIS> GO TO 3112 83 31 t ~~ 
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C WIIQHTED CREEP RATIO DETER"INES SLURR~ UALL PENETRATION 836328 8~81 
C~E,""•C3~1.+t.&SICOHES~ l/COHESN 836~31 ~~81 
QO TO 3113 8363~8 1111 

3111 CREP""•~.3-l.IJALOQ11<SORT < 18,tAIS < PER~ lll 
8
1
3
3
6
6
3
3
6
6! t

11
t!

1
8 

3113 DtLURY•DTRHCH+1t. w w 
CREEP• C i.IDSLURV-D~ATER-DTRHCH l/C DTRNCH-D~ATER > 136378 ttee 
IFCCREEP,QT.CREPMH l QO TO 3121 836388 8881 
DSLURY• CCREP"HICDTRHCH-DWATER l+DUATER+DTRHCHl/2, 8363;8 8888 
DTI"P•ELSURF-ELI"P 836~88 ttee 
IF<DTI"P,QE, DSLURY.OR.D1t.L£.t.te5 l GO TO 311~ 836~10 8188 

C SLURRY WALL PENETRATES IMPERVIOUS LAYER 836~21 8188 
H1•DTI"P-DUATER 836438 8880 
IFCH1.LT.e. l Hl•l, 836~48 8800 
H2•DTI"P-DTRNCH 836458 8100 
H2DN•H2 836460 8080 
H2UP•DTRNCH-DTIMP 836470 8000 
IFCDTI"P.QE.DTRNCHl H2UP•8. 836488 8000 
IF<DTI"P,LT.DTRNCH l H2DN•8 . 8364;8 8088 
AA•4. 836588 8e8a 
BJ•4.tABSCH2 l+41H2 036518 0080 
CC•Hllt2,+H2112,+2,1H11AISCH2 >+2,1H2UPI CH2-H1 l+CREPMNI CH2-Hl lt 036528 0000 

1CH2DH+H1l 036538 8008 
PENIMP• C-BB+SQAT IBBti2.-4.1AAICC>>/2, / AA 036548 0008 
IF CDTI"P.QE.DTRNCH> DSLURY•DTIMP+PENI"P 836558 8888 
IFCDTIMP.LT.DTRNCH > DSLURV•DTRNCH+PEHI"P 836568 8088 

C "INIMU" E"IED"ENT FOR ALL SLURRY UALLS IN SOI L 036518 000a 
IFCDSLUAV.LT.DTRNCH+18, ) DSLURV•DTRNCH+10. 836588 0088 

311~ IFCDSLURV,QT,DROCK+2,) DSLURV•DROCK+2. 8365;0 0008 
QO TO 3128 836688 8088 

C "INI"UM E"IED"ENT FOR ALL SLURRY UALLS IN SOIL 836618 8008 
3115 DSLURV•DTRNCH+11, 836628 0088 

GO TO 3121 836638 0008 
C "INIMU" E"BED"ENT FOR ALL SLURRY UALLS IN ROCK 136648 0888 

3116 DSLURV•DROCK+2. 036658 0080 
co To 3128 036668 8000 

C IS ROCK LI~E AT LEAST 2 FT AIOVE ROOF 0~ 80~ 836678 8008 
3117 1F(DROCK+2, .LT, DROOF) GO TO 3118 836688 8008 

OSLURV•DTR~CH+2, 8366;8 8000 
co TO 3128 836708 ee0e 

3118 OSLURV•OROCK+2, 836718 8008 
c -----------·------------------------------------------------------ eJ&72e eeee C SOLDIER PILE/ LAGGING SUPPORT SYSTE~ 036738 eeee 
c ------------------------------------------------------------------ e3&?•e eeee 3121 TRENPR•TRENPA+SUROE 836768 8880 
C ANCHORS AHDI OR STRUTS 036760 8818 

~TSTRT•8.822SITRENPR+8.811E 836778 8818 
ANCHDI•t.;4JSQRTCTREHPRI 1088, l 036788 8888 
IF(ANCHOI.LT.8.S> ANCHDI•I.S 83&7;8 8888 
UTANCH•PII CANCHOI / 2, )112.18.283t12. 036888 8818 
IF<IIRACE.EQ.1 ) WTANCH•8. 836818 8881 
IF(IJRACE.EQ.2 > WTSTRT•8. 836828 8818 
IF(l5UPPT,EQ.6 > 00 TO 31;8 836838 8811 

C WALES 836841 lltl 
~TUALE•SQRT C S.61TAENPR > 836851 8811 
IFCUTUALE.LT.13. > UTWALE•13. 836861 1888 
DWALE•SQRT C S.IUT~AL£)-5,8 0368?8 till 

C SOLDIER PILES 136888 8188 
C NON DECKED SOLDIER PILES 8368;1 1881 

(Continued) 

A86 



COSTUN Listing (Continued) 

c 

c 

UTI' •tQRTCT.EMPR> t36~ee tee& 
lFCWTtP.LT.13. > WTSP•13. • v DtP•I~TC,,IUT5'>-&.t e3sg1e teee 
IFctD£CK.£Q,I> QO TO 3125 IJ6~ae eeee 
DECKED IOLDtE• PILES e3&gle eeee 
SP~X~L•15.1IE/2,1411. =~~~a: :::: 
WTIPD•SQRTCTRENPR>+I.2221SPAXAL,1808.1C1.1-1.2SICTRENPRI1888. > 836g&e eee0 

1J:tu~~~~.LT.13. > UTSPD•13. 03&g7e eeee 
DSPD•SQRTC&.IUTSPD>-S.t 83&;Bt eee0 
IS ROCK LINE AIOUE TRENCH lOTTO" 836gg9 eee0 
IFCDROCK.LE.DTRNCH> GO TO 3124 :5~:~: :::: 
DPILEH•1,/6,1SQRTC1.SIUTSPD> 837920 0009 
IFCPHI.QT.t.) GO TO 3122 037839 0089 
SPDLT•DTRNCH+C1.7SISPAXALIC9.51PliDPILEHl-6.7tCOHESNlDPlLEH12. >1 0378~0 eee0 
1C2.1COHESN+DPILEH12,1GAM~A> 037050 0000 
co TO 3123 037060 eee0 

3122 CNQ•EXPCPIITANCPHIIPl118t.>>ICTANCPli~,+PHII?I1360. ))112 03?a70 0880 
CNC•CCNQ-1. )/TANCPHIIPI/18e. l 037880 0080 
IFCPHI.QT.e. l CNGAM•e. 0370;0 0000 
IFCPHI.QT,te. > CNGAM•8.31<PHI-10.l 037100 0000 
IF<PHI.CT.20. > CNGAM•CPHI112-33S. )122.3 037110 0000 
IFCPHI.GT.3S. > CNGA~•S.ICPHI-35. >•~0. 037120 0800 
IFCPHI.QT.~0.) CNGAM•32.1CPHI-40.l+80. 037130 a800 
AA•CA~MAlTANCPHIIPl/188.> 0371~0 0000 
BB•2.1COHESN+DPILEH12.1CAM~AICNQ 037150 0880 
CC•1.31COHESNIDPILEH12.1CNC+t,61GA~"AICt.51DPILEHli121CHGA~ 037160 0880 

1-1.751SPAXAL/C8.51PIIDPILEH> 837170 0000 
SPDlT•DTRNCH+C-BB+SQRT C 88112-~.IAAICC> >IC 2.1AAl 037180 8800 

3123 IFCSPDLT.LT.DTRNCH+1t.> SPDLT•DTRNCH+1e. 037190 0000 
IFCSPDLT.CT.DROCK+2. > SPDLT•DROCK+2. 037200 0080 
co To 3125 037210 0000 

3124 SPDLT•DTRNCH+2. 037220 0800 
c ------------------------------------------------------------------ e372le eeee C FOR ROCK DESIQH, CHECK IF E~TERIOR BOX UALL IS SMALLER THAN DEPTH 037240 t800 
C OF SOLDIER PILE E~IEDDED IN UALL ~37250 eee0 
3125 IFCDROCK.QT.DROOF> GO TO 313e 037268 0800 

c c 

IFCDROCK+18 •• QT.DROOF.AND.TEXUL.lT.DSPI 12. l TEXUL•DSPI12. 037270 00t0 
IF<TEXUL.LT.DSPD/12. > TEXUl•DSPDI1c. 037280 0880 
------------------------------------------------------------------ e3?a;e eeee IH ROCK' EXCAVATED TRENCH UIDTH EQUALS BOX UIDTH 037388 0008 
WDTIOX• FBUDT+21TEXUL+CNIOX-1l1TIN~L 03731~ 0800 
IE•UDTJO~ 037328 0008 
co TO 31ge 037338 eee8 

c ------------------------------------------------------------------ t373~e eeee C CO~PUTE FINAL EXCAVATED TRENCH WIDTH FOR 10~ IN SOil 837350 0000 
3138 IF<IDECK.EQ.~liE•BE+C2 •• DUALE+2.tDSP>I12. 037368 0008 

IFCIDECK.EQ.ll BE•IE+C2.1DUALE+2.tDSPDl/12. 837378 0008 
co To 31ge 837388 e0ee 

c ------------------------------------------------------------------ IJ?3Se eaee C SIDE SLOPE FOR OPEN CUTS IN SOIL 8374te 8808 
c ------------------------------------------------------------------ t3?~1e ee•e C ALL SLOPINQ CUTS EXCEPT CLAVS CD1t.LE.t.8tS> UILL IE DEUATERED 837428 8888 

3148 IF<COHESH,QT.e.t> GO TO 3151 837~31 8888 
C ~ATERIALS CHARACTERIZED IV PHI ONLV 8374~8 tete 

SIDESl•1.2S/TA~<PMI*PI/181.> 837~58 8880 
QO TO 31g1 137469 eeee 
"~TERI~LS CHARACTERIZED IV COHESION OHLV OR IV PHI AND COHESION 83?47t tete c 
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31St SIQQAH•QA~"AJDSOIL 037~8t 0t88 
IF<DWATER.LT.DSOIL.AND.D18. LE.8 .886 l SIQQAH•GAM"AIDYATER+ IQA"r.A- 83749' a0ee 

t&a.~ >J<DSOIL-DUATER l 837500 8888 
PHIDEV•ATAN CTAN<PHIIPI/ 118. )/1 ,25 > 837510 8881 
SIDESL•t.577 037520 a0ee 
TE"P1•C1.8-COSCATANC1. / SIDESL >-PHIDEU>)/( 4.1SINIATAN Cl. / SIDESL l > 03763' 0088 

1JCOS<PHID£V>> 837548 8088 
T£~2•COHESN/C 1.2SJSICGA~ > 837550 8808 
IF C TE"P1.LE.TE~2> GO TO 31i8 837560 8880 

c ------------------------------------------------------------------ t37&7e eeee C SLOPE ANCLE IS BETWEEN PHIDEU AND 68 DEGREES 837580 8088 
IFCPHI.EQ.t . e > "AX•11.8 8375g8 8800 
IF<PHI.CT.t.0 > "AX•1/ TAN <PHIDEU > 837600 8800 
"IN•e.S77 837610 0000 

C ITERATION REQUIRED TO DETERMINE DESIGN SlOPE 837620 8800 
3168 SIDESL•<MIN+MAX )/2. 837630 8800 

TEMP1•C1.0-COSCATANC1 ,/SIDESl >-PHIDEU>>/C 4.1SlNI ATAN<l. / SIDESl l>J 037640 8800 
1COS<PHIDEU>> 837650 0008 

IF<TE"P1.GT . TEMP2 > GO TO 3170 837660 0000 
"IN•SIDESL 837670 8000 
IFCMAX-"IN . LE.0.81 > GO TO 3188 837680 0000 
co To 3168 0376g0 0000 

3171 "AX•SIDESL 837780 0000 
IF<MAX-"IN . LE.0.01 ) GO TO 3180 037710 0000 
co To 3160 037720 0000 

3188 SIDESL• <"IN+"AX)/2. 037730 0000 
c ------------------------------------------------------------------ e3?7~e eeee C SUMMARY CUT AND COUER 037758 0000 
c ------------------------------------------------------------------ e3?7&e eeee C VOLUME DISPLACED BY BOX 037778 0000 

3198 VBOX•TOTBOXJUDTBOX/ 27. 037780 0000 
c ------------------------------------------------------------------ e377ge eeee C TOTAL VOLU~E OF CONCRETE PER FOOT OF BOX 837800 0000 

VL• CUDTBOXJ CTROOF+TINVT+TIHSB >+BFBHTJ C2lTEXWL+CNBOX-1 >JTINUL >>/27. 837810 0000 
c ------------------------------------------------------------------ e37aae eeee C FORMUORK FOR CAST IN PLACE CONCRETE 837830 8800 

FORMAR•8. 0378~0 0000 
IFCLININC. NE.1> GO TO 320t 837850 0000 
FORMAR•BFJHTJC2+ 1NBOX-1 >J2 l+IFBUDT 037860 8800 
IFCISUPPT.EQ.S.AND.DROCK.CT.DROOF > FOR~AR•FO~AR+2.lTOTBOX 837870 0800 
IF CIBOX2 . EQ.1 > ~OR~AR•FORftAR+BFBYDT 037880 8800 

c ------------------------------------------------------------------ e37age eeee C STORE TRANSFERED VALUES IN ' A' ARRAY 937g00 0080 
c ------------------------------------------------------------------ e31g1e eeee 3288 A<Ii3e >•STAJNo e31g20 00ee 

IF C SUPPT.EQ.S > AC1,38 >•SPDLT 937;30 8080 
IF CISUPPT.EQ.6 > ACI,38 >•DSLURV 037g4e 8880 
A<I.3g >•BE e37;se 8888 
JOJ•IE 037i60 888t 
ACI,42 >•BOI 837i78 eeee 
ACI,43 >•TOTBOX 037i88 eeee 
ACI,62 >•DTRNCH 937g;e eeee 
A<I,63 >•SIDESL 838880 0188 
A<I.S4 l•UJOX 838818 8818 
A<I,SS l•Vl 838828 8888 
ACI,S&>•FOR~AR 838838 8088 
ACI,63>•UTWALE 038848 8888 
ACI,64>•UTSTRT 831858 ttt8 
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~ct.I&>•YT~NCH e3a0ae 0eee 
~Cl,II>•UTSP 038078 8000 
~Cl 17>•UTSPD s~sea~ 8888 

QO to •ttl el8e;e eeee 
c ------------------------------------------------------------------ eJs1ee eeea C CUT AHD COVER SH-~TS 038110 0008 
c ------------------------------------------------------------------ eJa12a eeee 3311 ICUTNC•l 038138 0000 

ISUPPT•• 0381~0 0000 
LIMIN~•l 038158 0100 
REDUCE UNIT UEIQHT 0~ SOIL DUE TO BUL~IN~ DURING IACK~ItLING 038168 0088 
~A"MA•GAMMA/1,1 038170 0008 
~o To tete 038188 0000 

•eet CONTINUE 0381;0 0000 

c 

I~CNSSTVP.EQ.J,OR.NTSTVP.E0.3> RETURN 038200 eeae 
C CHECK I~ ~ACE IN~LOU INPUT UHEN GROUND UATER TABLE BELOU SEGMENT 038210 0000 

c 
c 

c 

~I·A<I,9> 038220 eee0 
ELAVG•CELNPL+ELNPRl/2, 038230 0000 
BE•A<I,3;> 0382~0 0000 
ELBOTM•ELAVC-BE/2, 038250 0008 
I~CISHAPE.E0.3> ELBOT"•ELAUG-BE/., 038260 0000 
I~<ITVPE.E0.1.AHD.CI.GT.0.0.AND.ELBOTM.CE.ELWATR > URITECL0,3600l 038270 0080 

1NTSEG.NREACH 038280 0000 
------------------------------------------------------------------ e3aa;e eeee CHECK IF SHA~T SEGMENT IS WET UHEN UATER TABLE IS BELOU SEGMENT 038300 0000 
CI•B<I 9> 038310 0000 
I~CITV~E.E0.2.AND.GI.QT.0.0.AHD.ELHPB.CT.ELUATRl URITECL0,3605> 038320 0000 

1HSSEG,NSHAFT 038330 0000 
RETURN 0383•0 0000 

038350 0e0e 
Slit PUATER•62 •• 1<EL~ATR-EtAVC> 

IFCPYATER.LE.t.881lP~ATER•.081 
TL•TtiN 
I~•BF+2JTL+.333 
IE•e•BE 
IE68•BE 
IOI•BE 
aoa•t•IOB 
10160•101 
A<I,J;>•BE 
ACI,~8>•BE~t 
A<I,~1l•BE60 
A<I,~2>•BOB 
ACI,~J>•BOB•e 
A<I,~•>•I0168 
ACI,6•>•PUATER 
A<I,11>•TL 

c ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~••• t3837e 00ee 1111 FOR~ATC/,' 1111 UARHIHG 1111 ---THICKNESS INPUTED FOR SEG~EHT ' , 038388 0088 
1 I•L• IH REACH',I~,· IS UESS T~AN IH STANDARD DESIQN. INPUT ION 
aoREu' > t3s~ee ttte 

1111 FOR~ATC/,' IJII ~ARNINQ 1111 ---THICKNESS INPUTED FOR SEGMENT ' 1 038.18 tete 
l I~L' IH SHA~T•,t•,• IS t£55 THAH IM STANDARD DESIGN. INPUT I~N 038.28 tete 
aoREu' > t3B•3e 0eee 

2?11 FOR~ATC/,' 1111 ~ARHIHC JJII ---THICKNESS IHPUTED FOR SEGMENT ' ,I~ t38 •• 8 tete 
1,' IN REACH',!~.' APPEARS TO IE INADEQUATE FOR WATER PRESSURE. ' 03B•Se 0881 
2/ ' COMPUTED THICK. ~OR UATER PRESSURE USED'> 838468 088t 

2?11 ~6A"ATC/,' 1111 UARHING 1111 ··-THICKNESS INPUTED FOR SEQMENT ' ,I~ 0384?8 teet 
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1.' IN SH~FT',I4,' ~PPE~RS TO IE INADEQUATE FOR WATER PRESSURE. 038~80 eete 
I/ 1 CO~PUTED THIC(. FOR UATEA PRESSURE USED ' l 838•;e 0880 

3511 F6-~TC/1~ 1 'tllJ RE~INDER llll A liNIHO THIC(HESS UAS INPUT FOR 038500 eete 
1 ~CUT AND COVER IOK IN SEQ~ENT ' ,I•, • IN REACH',I•, ' · INPUT IQ~OR 838518 0881 
aED' , aJ8628 e88e 

38 .. FOR~AT < ~L' lttl ~AAHINQ **** A GROUND UATER IHFLOU WAS SPECIFIE 838538 0880 
lD IN SE~ENT ' tl51 ' IN REACH',I6,' UHEN UAT£R TAll£ IS IELOw lAS£ 0 838648 1888 
2F TUNNEl.'/' HF~O~ IGNORED 1H ~OST COMPUTATIONS.' > 838550 0881 

)&IS FOR~TC/L ' ttll UARNINQ tltl WET GROUND SPECIFIED IN SEQMEHT ' 6 838561 8818 
liS,' IN ~HAFT',I5t' ~HEN WATER TAIL£ IS IELOU SEC"ENT. ' / ' WET QR U 838578 8880 
2ND ICNORED IN ~OS CO"PUTATIONS. ' l 838588 8811 

c •••••••••••••••••••••••***********'*'******'*********************• 93a5g0 8tel c e3a6ee 8eee 
c 838610 eeee 

RETURN 838615 

c c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

END 838620 ee00 
SUBROUTINE STAIIlCI,A,I,CNP,SHAFT,TRDATA,NTS"AX,NSSr.AX,NPMAX,NSMAX 838630 8800 
1,NTR"A~ l 838635 
------------------------------------------------------------------ 9386~0 9000 ------------------------------------------------------------------ e3ssse eeee THIS SUBROUTINE SELECTS THE STABILITY NUMBERLSTABILIZATION METHODt 838660 8000 
AND EXCAVATION METHOD TO IE USED IN SOFT G~OUND TUNNEL AND SHAF 838670 8000 
SEGMENTS 838688 8000 
------------------------------------------------------------------ e38&9e eeee 
------------------------------------------------------------------ eJs?ee eeee CO~MON /BASIC/ NSS,HTS 938718 eeee 
CO~~ON /A/ lOLLILP",o~LLISTC40l,TITLE<160l,STAIEC,ITVPE 038728 0088 
CO~~ON /F/ IEwRO",l)TO~ 838738 0000 
DI"ENSIOH A<NTS"AX,68l,ICNSS~AX,43l,CNP C HPMAX,2l,SHAFTCNSMAX,23l, 838748 0008 

1 TROATACHTRMAX,23l 838750 8000 
------------------------------------------------------------------ 83876e eeee 
------------------------------------------------------------------ 83877e eeee DO NOT COMPUTE A STABILITY HUMIER IF OHE WAS INPUT. ALSO, DO HOT 838789 1008 
COMPUTE ONE FOR PORTALS, DU"MV SHAFTS, AND CUT-AND-COVER SEG"ENTS. 838798 0008 
IFCITYPE.EQ.ll QO TO 1tee 838800 8800 
------------------------------------------------------------------ e3SB1e eeee THIS IS A SHAFT SEQ~ENT 838820 0808 
CHECK FOR ROCK OR CUT AND COVER SEG~EHTS AND FOR A PORTAL OR 038838 eeee 
A DU""V SHAFT 0388~0 8800 
HSSTVP•I<I 15 l 838850 eeee 
IFCHSSTYP.f0.1l CO TO see 838860 9800 
1FCNSSTYP.EQ.3) RETURN 838870 0080 

~~~~!s~~~t~~SHAFT,23l =~~~== :::: 
IFCHPORT.EQ.1) RETURN 138988 eeee 
ISHAPS•SHAFTCHSHAFT,16l 8J8;te 8888 
IF<ISHAPS.LT.1l RETURN 838928 eeee 
IE •1<1,29> 03a;31 t8t8 
STAIHO•ICI 24) 838i•l eee1 
IF<STAIN0.6T.t.l1l CO TO 1838 138951 8etl 
HSSEG •I<I,2l t38;&e eeee 
"Ex •B<I,7> 138i7e e1ee 
EL~ATA•ICI,l3> t38S8t teet 
D1t •ICI,16l 138991 8818 
COHESH•ICI,17) 138881 8108 
CA""A •I<I.18l t3Stlt eeee 
PHI •ICI,18l t3;t28 tete 
IW~TER•ICl,21l 138t3t ttlt 
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,E~ •1<1,23 > ~J~t~l e~ee 
"'T~I •I<I,IS > e~;ese 8eee "uST • <I,21l eJ;e&8 eeee 
"''~c •I<I,21l e3;e1e etee 

~'2'':1~l~~'~SHAFT,2 l =~~=~= :::: 
E~IURF•CNPCNPTSfl ) ~~;tee eeee 
E~~VG •ELSURF-S GDEP eJg118 eeee 
GO TO 1113 03g1at eeee 

C ROCK SHAFT 03;138 eeee 
Stt AIRPR•I eJg1~8 teet 

I CI,27 l•AIRPR 03i15t 0008 
~STAI•I 03;168 8008 
J t 1~25 l •"STAI 03g118 000e 
RETuRN 03;1&8 ee0e 

e ------------------------------------------------------------------ e3~l;e eeee C THIS IS A TUNNE~ SEG"ENT 03g2e8 0008 
1
''' ~~~~t~;e~:tA~l , GO TO 1eea =~~~~= :::: 

IF CNTSTVP.EQ. J ) RETURN 03g2Jt 0008 
BE •A t i,JV > eJga~e eeee 
STABHO•A <I 3e> e3;as8 eee8 
IF CSTABN0.6T.t.81 l GO TO 1838 03V269 0088 
NTSEG •A CI ,ll 039279 0080 
NPL •ACI,2l 03V280 eeee 
NPR •ACI,3l 0392;0 0888 
NREACH•A < I.~ l 03g390 eeee 
I'IEX •ACI,? l 039310 088t 
ELUATR•A < I,l~l 03;321 eeee 
NPLS •ACI,l?l 03V33t 8888 
HPRS •ACI,l8l 03VJ~0 0860 
D1e •A <I,t9> e3vJse eeee 
PHI •A CI,2tl t39J6t 0068 
COHESN•ACI,21l t3i37t 0888 
GAM~A •ACI,22l 839388 0888 
IYATER•A CIL23l 039398 0888 
ELI,.P•A < If~~ ) 839~88 0088 
PER,. •A< ,25 l 839~18 00et 
"STAI •A CI,31 > 039~28 0008 
~usr •A <I,32 > 93;~38 00e8 
MSTAC •A C I,J~ ) 039~~8 0888 
ISHAPE•TRDATA CHREACH,Jl 839~58 0088 
ELHP~ •CNPCNPL,2l 839~68 8088 
ELHPR •CHPCNPR 2l 039~78 8088 
E~HPLS•CNP < NPLS,2 > 839~88 9008 
E~NPRS•CNP <NPRS 2 l 839~98 8088 
E~SURF• < E~NPtS+tLNPRS l/2. t3;Se8 eeee 
EtAUQ •<EtNPt+ELNPR )/2. 83VS10 tt08 
SECDEP•ELSURF-E~AVG 839628 10ee 
GO TO 1113 t3;sJe eeee 

C ROCK TUHNE~ 8395~1 8881 
1112 AIRPR•t 83;SS0 8811 

ACI 1 33>•AIRPR 839568 8111 
I'ISTMI•t e39570 tete 
ACI~31l• .. STAI 839581 ette 
RETuRN n;s;0 eete 

1113 AIRPR•I. e39611 1 .. 1 
C COI'IPUTE STAIILITV HU,.IER lASED 0~ INPUT PARA~ETERS tJg&1t 8etl 
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~STAIT•t 
CALL STAINUCCOHESN,ELAVG ELSUR~ EL~ATR GA"MA,ISHAPE,ISHAPS,ITYPE 

1 PHI 6SHRSTR,SIG~AT,STAINM,BE,~StABT,GA~MAA,GA~MA8,GArMAC,~.~S~APE, a SEQ EP> 
STAINO•STAIN" 
CHECK UHETHER A PREFERRED STABILIZATICN METHOt WAS !hFUT. iHE 
PREFERENCE COULD IE FOR USE OF NO METHOD AT ALL. 
IFC"UST.G£.3> GO TO 1500 

C NO METHOD IS PREFERRED BV USER. CHECK IF SEG"ENT CAN BE EXCAVATEO. 
t411tt •••• 

C THE PRE~ERRED METHOD IS DEUATERINQ 0•0110 0000 
1e1e "STAB•2 e•0120 0000 

"STABT•2 0•0130 0000 
CALL STABNUCCOHESN,ELAVG ELSURF ELWATR GAMMA,ISHAPE,ISHAPS,ITVPE 0•0140 0000 

1 PHI~SHRSTR,SIGMAT,STABNA,BE,MSfAJT,GAAMAA,GA~~AB,GA~~AC,F,FSHAFt, 040150 0000 
2 SEGuEP> 040160 0000 

GO To t030 040170 0000 
C THE PREFERRED METHOD IS COMPRESSED AIR 040180 0000 

1015 CALL AIRPRSCAIRPR,D10,ELAVG,ELUATRLIERROR,ITVFE,PHI,SHRSTR,SIQMAT, 040190 0000 
1STABNM,STABNO,LO,NREACH,NSHA~T.NSS~G,NTSEGl 040200 0000 

MSTAB•t 040210 0000 
1030 IFCITVPE.EQ.ll ACI,30l•STABNM 040220 0000 

IF<ITVPE.EQ.1l ACI,31l•MSTAB 040230 0000 
IF<ITVPE.EQ.1l ACI,33l•AIRPR 0402•0 0000 
IF<ITVPE.EQ.2l BCI,2~l•STABNM 040250 0000 
IFCITVPE.EQ.2> B<I,25>•MSTAB 040260 0000 
IF<ITVPE.EQ.2l B<I 27>•AIRPR 040270 0000 

C CHECK WHETHER THE SEGMENT CAN BE EXCAVATED AFTER STABILIZATION 040280 0000 
1035 IF<STABN".LE.9 •• AND.PHI.LT.29 .• OR. S~ABNM.LE.7 •• AND.PHI.GE.29. l 040290 0000 

1 GO TO 1050 040300 0000 
C SEG~ENT CANNOT BE EXCAVATED EVEN AFTER USING A STABILIZATION ~ETH. 040310 9000 

IERROR•1 049320 0000 
IFCITVPE.EQ.1l YRITECL0.2008>NTSEG,NREACH 049330 8000 
IFCITVPE.EQ.2l YRITECL0.3099>NSSEG,NSHAFT 0~93~0 0000 
RETURN 049350 0900 

C SEGMENT CAN HOY BE EXCAVATED. STORE THE NE~ STABILITY NU~BER a49360 0900 
1050 STABNO•STABN~ 0•0370 0000 

GO TO 1809 040380 8000 
c ------------------------------------------------------------------ e~eJge eeee C SEGMENT CAN BE EXCAVATED ~ITHOUT BENEFIT OF STABILI2ATION 040~00 0000 
C I~ USER WILL ALLOU A STABILI2A~ION METHOD AND STABILITY NUMBER IS 0~0410 0000 
C HIGHLCHECK UHETHER USE OF STABILIZATION WILL DECREASE STABILITY 0~0~20 0000 
C NUMB~A BV AT LEAST 1.0 0~0430 0899 
c ------------------------------------------------------------------ e~e•~e eeee 1200 IFCSTABNO.LE.4.l GO TO 1300 0•0450 0090 

IFCMUST.GT.1l GO TO 1300 e•0460 0000 
USER WILL ALLOW STABILIZATION TO BE USED 0•0470 0000 
IFCD10.tE •• 005> GO TO 1215 040480 0000 
AIRPA•0. 0•0499 0000 
IFCELAUG.GE.ELUATA .OR.IWATER.E0.0> GO TO 1205 t•0508 0000 
IF<PER~.LT.e •• AND.ABSCPERM l .GT.0.8006l GO TO 120g 0•0518 0000 
IF<PER~.GT.e •• AND. D10.GT.0.08l GO TO 120g 040520 0009 

C THE FIRST CHOICE METHOD IS GROUND INJECTIONS 0~0530 0000 
1205 "STA8•3 0405~0 0000 

COHSGI•200e0.JSQRTC10.lABSCPEAM>> 040559 0000 
STABNM•SIG"AT/CSHRSTR+COHSGil 040568 0000 
IFCSTAINO-STABN~.QE.1.l GO TO 1235 141570 0190 
DECREASE IN STABILITY HU"BER CAUSED BV USE 0~ GROUND INJECTIONS IS 040580 0090 

c 

c 

(Continued) 

A92 



COSTUN Listing (Continued) 

C ~~~~. IF CO~PRESSED ~IR IS ~CCEPTAILE,CHECK I~ IT OIVES GREATER 
C DECR£~SE. 

IFC"R~.LT.t •• AND. AIS < PER~ l .GT.t.~ l GO TO 1235 
IFCP£RI'I,QT.t •• AHD.D18.QT.2. l GO TO 1236 
I~Ct~AUQ.OE.EL~ATRl GO TO 1287 
JFCELW~TR-EL~UO.QT,11S. l GO TO 1235 

C CO"PR£SStD AJA IS AN ACCEPTABLE ~ETMOD. 
111? CALL AIRPAS<AIAPA,D1t1 ELAUGtELUATRLIERAOR1 ITVPE,PHI,SHRSiR,SIQI'IAT, 

1STAINMtSTAIHO,LO,NREA~H,HSHAFT,HSS~G.NTSE~ > 
I'ISTAI•l 
QO TO 1236 

12ti IFCSEQDEP.L£.168. > CO TO 1210 
C QAOUND YOUlD BE DEUATERED EXCEPT THAT SEGMENT IS DEEPER THA~ IS 
C USUALLV DESIRED. TRV GROUND INJECTIONS FIRST. IF STABILITV NuMBER 
C DOES NOT CHANGE IV "UCH,TRV DEWATERING INSTEAD. 

COHSGI•28808.1SORTC18.*ABS<PERM>l 
STABNM•SIGMATIC SHRSTR+COHSGI> 
IF CSTA8NO-STA8NM.CE.1. > GO TO 1235 

C THE PREFERRED I'IETHOD IS DEWATERING 
1218 MSTAB•2 

I'ISTABT•2 
CALL STABNUCCOHESN,ELAUG,ELSURF ELUATR,GAMMA,!SHAPE,ISHAPS,ITVPE 

1 PHILSHRSTR,SIC"AT,STABNM,BE,MSfABT,GAMI'IAA,GAM"AB,GA"MAC,F,FSHAPt, 
. 2 SEC.uEP > 

GO TO 1235 
C THE PREFERRED METHOD IS COMPRESSED AIR 

1216 I'ISTAB•l 
CALL AIRPRSCAIRPR,D1t,ELAUG,ELUATR1 IERRORLITVPE,PHI,SHRSTR,SIGMAT, 

C 
1c~l~:H~6~T~,~~it~t~R~e~~t~S~~~~t~~~EgfN~f~r~AST 1.8 

1236 IFCSTAIHO-STABNI'I.GE.1. > GO TO 12~5 
C STABILITV NUMBER DECREASE IS LESS THAN 1.8 FORGET STABILIZATION 
C METHOD AND EXCAVATE USING ORIGINAL GROUND CONDITIONS 

MSTAI•t 
AIAPR•t. 
IF CITVPE.E0.1l GO TO 1248 
WRITECL013818l HSSEG,HSHAFT 
I CI,24l•::JTAINO 
ICI,25>•~STAB 
ICit27l•AIRPR 
GO 0 1888 

1241 WRITECL01 2818 ) NTSEG,NREACH 
ACI,Jtl•::iTAINO 
ACI,Jl )•I'ISTAB 
ACit33>•AIRPR 
GO 0 1888 

C STAIILITV NUI'IBER DECREASED B~ AT LEAST 1.8 USE STABiliZATION 
C I'IETHOD AND ~EU STABILITV NUI'IIER 

124& IFC"STAJ,CT.1> AIRPR•8. 
IFCIT~PE.£0,1) QO TO 1258 
ICI,24>•STAINM 
I C I, 25 l •,.STAB 
1Cl,2?>•AIRPR 
STA NO•STAJN" 
QO TO 1818 

12&8 ACI,3t)•STAIN" 
ACI,31 >•MSTAB 
ACI,33>•AIRPR 
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ST~INO•ST~I~ 841170 8ate 
ao TO 1111 8411&0 e~ee 

13 .. lFCITYPE.EQ.1) ACI,3t>•STAih0 8411;0 tttt 
lFClTYPE.EQ.I) ICI,a•>•STAINO 841200 8180 
QO TO 1111 t41210 eaee 

e ••••••••••••••••••••••••••••••••••••************'***********•••••• 8•122~ ee00 C A PREFERRED STAII~IZATION "ETHOD ~AS INPUT. THE ~REFERENCE COU~D 841238 8888 
C IE FOR USE OF NO METHOD AT A~~. 8•1240 8880 
C CAN THE SEGMENT IE E~CAUATED YITHOUT STAIILIZATION 841250 8880 

1511 IFCSTAINO.L£,g, .AND.PHI.~T.2g, .OR.STAJNO.LE.7 •. AHD.PHI.GE.2g, > 141260 8800 
1 QO To 16tt 841278 8800 

c ------------------------------------------------------------------ ••12ae eeee C CHECK IF USER WILL ALLOY SO~£ METHOD TO BE USED. 0•12;0 8808 
IF<MSTAI.GT.tl GO TO 1582 841380 eeee 
IERAOR•1 8•1310 8800 
IFCITVPE.EQ.1) WRITE < ~0,2850 l HTSEG,NREACH 841320 8880 
IF<ITVPE.EQ.2l WRITE <L0,3850 > HSSEG.HSHAFT 841330 8800 
GO TO 1530 841340 8000 

c ------------------------------------------------------------------ 8413Se eeee C SEGMENT CANNOT BE EXCAVATED WITHOUT STABILIZATION. CHECK WHETHER 041360 0000 
C USERS PREFERRED METHOD IS ACCEPTAI~E 041370 8000 

1512 IF<ITVPE.EQ.2 l GO TO 1585 841380 0000 
IF<MSTAC.EQ.1 l GO TO 1518 841390 0008 

C "ETHOD IS UNACCEPTABLE 641400 0088 
IERROR•1 6~1410 0000 
WRITECL0,3838 l NSSEG,NSHAFT 841428 0000 
RETURN 641438 0000 

1585 IFC~STAC.EQ.l > GO TO 1618 841 •• 0 0000 
C "'THOD IS UNACCEPTABLE 8.1458 8800 

IERROR•1 0•1•se ee00 
URITE <L0,2038 l HTSEG,NREACH 841~78 0088 
RETURN 841~80 8008 

c ------------------------------------------------------------------ e414ge eeee C STABILIZATION ~ETHOD INPUT IS ACCEPTABLE t•1500 0008 
C CHECK FOR PREFERRED ~ETHOD 841510 8000 

1511 IF<MSTAB.EQ.1 l GO TO 152t 841520 8808 
IF<MSTAB.EQ.3 l GO TO 1518 841538 8800 

C THE PREFERRED METHOD IS DEUATERIHG 8.1540 8000 
"STABT•2 841550 0800 
CALL STABNU CCOHESH,ELAUG ELSURF ELWATR GAM~A.ISHAPE,ISHAPS.ITVPE e•tS68 0800 

1 PHitSHRSTR,SIG~AT,STABHA,JE,~StAJT.GAAMAA,GA~MAB.GA~~AC,F,FSHAPt. 841570 8880 
2 SEGuEP > 8•1580 0ee0 

GO To 1525 8415g0 0000 
C THE PREFERRED ~ETHOD IS GROUND INJECTIONS 841600 8800 

1&18 COHSGI•21810.JSQRTC1t.JABS<PER~ll 041610 8880 
STAIH~•SIG~AT/CSHRSTR+COHSGI> 041620 0888 
oo To tses 841630 0000 

C THE PREFERRED "ETHOD IS CO~PRESSED AIR 8~1640 eeee 
1521 IF CITVPE.EQ.1 l AIRPR•A<I,33 > t41650 0888 

IFCITVPE.EQ.2 l AIRPR•B<I,27 > 8.1660 0880 
C IF AIR PRESSURE IS INPUTLUSE IT AND CO~PUTE STABILITY NU~JER.IF 841678 0881 
C HONE IS INPUT,COMPUTE AI~ PRESSURE 141680 0188 

IF<AIRPR.QT.t.) GO TO 1&22 8416;8 eett 
CAL~ AIRPAS C AIRPR~D1tLELAUQ,ELUATRLIERRORLITVPE,PHI.SHRSTR,SIG~T, 841718 0018 
1STAIH~rSTAINO,LO,nREA~H,HSHAFT,NSS~G,NTSE~ > 841718 teet 

GO TO 1525 841728 tete 
1522 5TAIHM•CSIQMAT-AIRPRI1~4. l/SHRSTR 14173e 1108 

C CHECK WHETHER SEG~ENT CAN IE E~CAVATED AFTER STABILIZATION 1~17.1 8118 
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1181 IFCST~IN".LE.8 •• AND.PHI.LT.a9 •• OR.ST~IN~.~£.7 •• AND.PMI.~E.2i. l 04175a 8108 
1 GO To 1&31 841768 880e 

C SE~ENT C-NNOT IE E~CAVATED EVEN AFTER USIN~ A STAIILIZATIO~ METk. 041778 8108 
IERROR•1 841788 eee8 
IF<ITVP£,£Q.1) YRITE <L0.2135 >NTSEQ,NREACM t41?QI eeee 
IF<ITVPE.EQ.2> WRITE <L0£3135 >NSSEQ,NSHAFT 041881 00t8 
IF<ITVPE.EQ.1) A<l,Jt > ·~TAINM 041818 t808 
IF<ITVPE.£0.1> A<I,JJ >•AlRPR 041828 eeee 
IF<ITVPE.EQ.2) I<I.24l•STAINM 041831 eee8 
IF<ITVP£,£Q.2) I<I,27>•AlRPR 041148 eee8 
oo TO l83t 841158 eeee 

c ------------------------------------------------------------------ ~~1861 eeee C SEQ~ENT CAN HOY IE EXCAVATED 041878 0008 
1531 IF<ITYPE.EQ.l ) QO TO 1535 041888 0008 

I <I,24>•STAIN" 8418i8 0088 
I<I,2?>•AIRPR 841Q88 0088 
5TA NO•STABNM 041Q18 0008 
co TO 1888 041920 0000 

1535 ACI,30>•STABN~ 041Q30 0080 
A<I,33)•AIRPR 041i40 0088 
5TA NO•STAINM 041Q58 0080 
co TO 1888 041960 0000 

c . ------------------------------------------------------------------ e•ti70 eeee C SEC"EHT CAN BE EXCAVATED UITHOUT BENEFIT OF STABILIZATION "ETHOD 841Q80 0880 
c ------------------------------------------------------------------ e~1;;e eeee C CHECK IF NO METHOD IS TO IE USED 042800 0880 

1688 IF<"STAI.E0.8> CO TO 1640 042010 8880 
C CHECK UHETHER USER REQUIRES STABILIZATION ~ET~OD TO BE USED 042820 8880 

IFC"UST.EQ.4l GO TO 1618 042030 ae00 
C STABILIZATION IS HOT REQUIRED.FORCET STABILIZATION AND EXCAVATE 042840 0808 
C USIHC THE ORIGI~AL GROUND CONDITIONS. 042850 8880 

IF<ITVPE.EQ.1> CO TO 1685 042860 8880 
YRITE<L0,381S> HSSEG,NSHAFT 042870 8880 
"STAB•t 042880 0000 
t<I.24>•STABHO 0428g0 0000 
B<It25>•~STAI 042188 0t8t 
co o 1see 042110 ee00 

1685 URITE<L0,281S l HTSEC,NREACH 042128 0088 
~STAB•t 042138 0000 
A<I,38>•STABNO 042140 0008 
~~It51la:~TAB ::~i~: :::: 

c ------------------------------------------------------------------ e~211e eeee C USER REQUIRES USE OF A STABILIZATION ~ETHOD. CHECK IF SPECIFIED 842180 0008 
C "ETHOD IS ACCEPTABLE. IF ~ETHOD IS UNACCEPTABLE,BASE COSTS ON 8421gt 0088 
C UHSTABILIZED GROUND 042208 8008 
161t IF<ITYPE . EQ.1> GO TO 1615 842218 1080 

IF < ~STAC.EQ.l) GO TO 162t 842228 8000 
URITE<L0 13t2t > NSSEC,NSHAFT 842238 8000 
co To 1a~e 042248 1000 

1615 IF<"STAC.EQ.1) QO TO 162t 842258 8880 
WRITE<L0 12t28> HTSEQ,NREACH 842268 tt80 
co To 18•8 842278 e0ee 

c ------------------------------------------------------------------ e•aaae taee C STAIILIZATIOH ~ETHOD INPUT IS ACCEPTAILE 842290 t888 
C CHECK FOR PREFERRED "ETHOD 842380 tete 

1&21 IFC~&TAJ.EO.l > GO TO 1631 842311 ttt8 
IF<"STAJ.EQ.J> QO TO 1626 142321 ... 8 
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C THE PREFE~RED METHOD IS DEYATERINQ e~a330 eeee 
"'T~IT•2 e~23•e ee0e 

1c~~~~~~~~!i~~~1~:~~=~2A~i~~~~t~i¥~~=M~==~~AA~~;~~AA~~~~~:~~~:~t. ::~~~= :::: 
e S£Qg£P> 0~2370 eeee 

GO To 163& e~2380 eee0 
C TH£ PREFERRED ~ETHOD IS GROUND INJECTIONS ~~23;0 0000 

1125 COHSGI•211tt.ISQRT C18.1AIS<PERM >> 0~2400 0101 
STAIH~•SIG~AT/CSHRSTR+COHSGI > 0~2410 0880 
oo TO 1635 042420 e0e0 

C THE PREFERRED ~ETHOD IS COMPRESSED AIR 042430 0080 
1&3t IFCITYPE .EQ.1 > AIRPR•A CI,33 > 042440 0800 

IF<ITVPE.E0.2> AIRPR•J CI,27 > 042450 0000 
C IF AIR PRESSURE IS INPUTLUSE IT AND COMPUTE STABILITY NUM8ER.IF 042460 0000 
C NONE IS INPUT,CO"PUTE AI~ PRESSURE 842470 0000 

IF CAIRPR.GT.t. ) GO TO 1632 0~2~80 8800 
CALL AIRPRS CAIRPR,D10 ELAVG,ELUATR IERROR ITVPE,PHI,SHRSTR,S!G~AT, 0424ge eeee 

1STABN",STABHO,LO,NREACH,NSHAFT,HSStC, NTSEG > 042500 0000 
ao To 1635 042510 ee00 

1632 STABN"• C SIC"AT-AIRPRtl•~. l/SHRSTR 042520 0000 
c ------------------------------------------------------------------ e~2s3e eeee C CHECK FOR STABILITY NUMBER DECREASE OF AT LEAST 1.8 0425.0 0000 

1635 IFCSTABHO-STABHM.GE.l. l GO TO 16.0 042550 0800 
C STABILITY NU"BER DID NOT DECREASE BY AT LEAST 1.0 INFORM US~R e•2560 0000 

IFCITYPE.EQ.1 l URITE <L0,2825l NTSEG,NREACH 042570 0000 
IF<ITVPE.EQ.2 l URITE CLOL382S l NSSEG,NSHAFT 042580 0000 

1648 IF <ITVPE.EQ.1 l ACI,38 ) •~TABHM , 0425g0 0000 
IF<ITVPE.EQ.1l ACI,33 >•AIRPR 042600 0000 
IF <ITVPE.EQ.2 l BCI,24 l •STABHM 842610 0000 
IFCITYPE.EQ .2 l J(I,27 >•AIRPR 842620 0008 
STABNO•STAIN~ 842638 8000 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 042648 0000 C CHECK FOR ACCEPTABLE EXCAVATION ~ETHOD FOR THE STABILITY NU~BER 842658 8000 
C TO IE USEDtTHE CHECK FOR CO"PATI8ILITV WITH SHAPE IS IN SUB INPUT 042668 0008 

1818 IF<ITYPE.E~.l l GO TO 1815 8~26?8 8000 
IF<~EX.EQ •• l GO TO 1830 0~2680 8000 
IF<MEX.EQ.3 .AND.STABNO.LE.6. l GO TO 1830 8426g0 0880 

C "ETHOD IS UNACCEPTABLE,SELECT HAND METHODS INSTEAD 842700 8800 
"Ex·• 042710 0000 
B<I ? l•MEx 042720 0000 
WRitE <LOL304Il NSSEG,NSHAFT 042730 0000 
Go To 18~0 842740 0000 

1816 IF<~Ex-•> 182t,1838,181e 842750 8ee0 
C RIPPER EXCAVAT!ON 842760 0801 

1818 IF<STABNO.LE.7. ) GO TO 1831 0~2770 8000 
GO To 1825 042780 e0ee 

C MOL£ EXCAVATION 8427g0 eeee 
1821 IF CSTABHO.L£.6. l GO TO 1831 842811 8181 

C ~OLE OR RIPPER ARE U~ACCEPTABLE,SELECT HAND INSTEAD 842811 1881 
182& MEX•• 0•2821 8ttl 

O~it~liS~~e48 ) NTSEG,NREACH ::~=~= :::: 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 142851 •••• 
C IF STAIILITY NU~IER IS LO~fSHIELD IS VERY THIN AND LEAVES LITTLE 8•2861 lilt 
C S~ACE FOR BACKFILL IEHIND HE LINING OR SUPPORT 842871 1181 

1131 IOI•BE+1.t 142881 tete 
IF<STAIHO.LT.2. l IOI•IE 0428Vt 8118 
IF<IT~PE.EQ.ll A<I,42l•IOI t42&tt 8111 
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-IFC1TVPE.£Q,J) I<I,l2l•IOI 0A2g13 0006 
RETURN e•agaa ee0e 

c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• e•agJa ee0e 21111~g~~I~~~· I~-~Ss ~~~~Rtos~~~~bi~~c~~~¥i~N!~v~~~~~~tR·i~A.iLi~~~io ::~~:: :::: 
2N'> e•ag&e 0000 

Btll FORMAT(/,' 1111 REMINDER 1111 USE OF~ STABILIZ~TIO~ METHOD IN 0A2g70 0000 
1SEQMENT',IS,' IN REACH',IS,' IS HOT VERV EFFECTIVE, NO METHCD USE 0~2g10 0080 
2D' > 0~agg0 0000 

2115 FOR~AT</1 ' llll REMINDER 1111 USER PREFERRED STABILIZATION ~ETM 043000 0080 
10D IN SEuMENT',IS,' IN REACH',IS,' IS HOT REQUIRED, ~ETHOD ~OT US 0~3810 0000 
2ED' ) 0~3820 0000 

2028 FORMAT</,' 1111 UARNING 1111 USERS STAB. METHOD IH SEGMEHi ' ,ISL 043030 0000 
1 ' IN REACH',IS,' IS NOT ACCEPTABLE NOR REQUIRED, METHOD NOT USt 0~30~0 0000 
2D'> e•3ase 0000 

2025 FORMAT</,' llll REMINDER 1111 USE OF STABILIZATION METHOD IN SEC 0•3060 0000 
lMENT',IS,' IN REACH',IS,' IS NOT VERY EFFECTIVE, METHOD USED ANYW 0•3070 0000 
2AY'> 0•3090 0000 

2830 FORMAT(/,' FATAL ERRORL USERS STAB. METHOD IN SEGMENT'
6
Is, • IN R 0~3090 0000 

2EACH' IS,' IS NOT ACCE~TABLE AND STABILITY NUMBER IS T 0 HIGH ' l 0•3100 0000 
2035 FORMAt(/,' FATAL ERRORe USERS STAB. METHOD IN SEGMENT',IS,' IN R 0~3110 0000 
2e~0~~~~~~t~;:: l~a~0~E~~~EE~I~i.~H8o~b~,~~A~vi~u~~a~EA~·~Y~.~ 1¥~' ~EA ::~1~: :::: 

. lCH'LIS,' REQUIRE USE OF HAND EXCAVATION RATHER THAN INPUT ~ETHOD' l 0~31•t 0000 
2858 FOR"AT(/,' FATAL ERROR, STABILITY HU~BER IN SEGMEHT'Lis,· IH REA e•31St 0000 

lCH'tts,· REQUIRES GROUND STABILIZATION, BUT IT WAS SPEC1FIED NOM 0~3160 0000 
2ETHuD E USED' l 0~3170 0000 

3180 FOR~AT(/,' FATAL ERRORf STABILITY NUMBER IN SEQMENT',IS, ' IN SH 0~31Be 0000 
lAFT',IS,' IS TOO HIGH 0 ALLOU EXCAVATIOH,EVEH AFTER STABILIZATIO 0431ge 0800 
2H'l 043200 ee0e 

3118 FOA"AT(/,' IIJl RE"INDER Jill USE OF A STAIILIZATION METHOD IN 8~321e 0000 
lSEG"EHT',IS,' IN SHAFT',IS, ' IS HOT VERV EFFECTIVE, NO METHOD USE 0~3220 0000 
2D' ' e~323t ee0e 

3t15 FORMATC/t' llll RE"IHDER lliJ USER PREFERRED STABILIZATION METH 0~3240 0000 
lOD IH SEuMENT ' ,IS,' IH SHAFT',IS,' IS NOT REQUIRED, METHOD HOT US 0~3250 0080 
2ED'l e~3260 eee0 

3828 FORMAT(/, ' Jill WARNING Jill USERS STAB. METHOD IN SEGMENT ' ,ISL 0~3270 eeee 
1 ' IN SHAFT',IS, ' IS NOT ACCEPTABLE NOR REQUIRED, ~ETHOD NOT USt 8~3280 0000 
2D'l 643290 ee08 

3825 FORMAT(/,' till REMINDER Jill USE OF STABILIZATION METHOD IH SEG 8~3300 0000 
1"ENT',I5,' IN SHAFT ' ,IS,' IS NOT UERV EFFECTIVE, METHOD USED ANYU 6~3310 0000 
2AV', 943320 00ee 

3138 FORMATC/,' FATAL ERRORL USERS STAB. METHOD IN SEGMEHT ' 6Is,• INS 0~3338 0000 
!HAFT' IS,' IS HOT ACCE~TABLE AND STABILITY NU"BER IS T 0 HIGH ' l 6~33~0 0000 

3t3S FORMAt(/ • FATAL ERROR USERS STAI. METHOD IH SEGMEHT',IS' INS 0~33S0 0008 
1HAFT' IS;' IS HOT EFFECTIVE AND STABILITY NUMBER IS TOO HiGH ' l 0~3360 0680 

31~t FOR"At(/ 1 ' IIIJ REMINDER 1111 CONDITIONS IN SEGMENT',IS, ' IH SHA 0~3370 teet 
1FT' IS,' REQUIRE USE OF HAND EXCAVATION RATHER THAN !HPUT METHOD'> 0~3388 8880 

3161 FORMAT(/,' FATAL ERROR, STABILITY HUMBER IH SEQMENT'LIS,' IH SHA 8433g8 8188 
1FT' 1 I5L' REQUIRES GROUND STAIILIZATIOH, BUT IT UAS S~EC!FIED ~0 M 0~3~08 8800 
aETHuD •E USED') 6~3~18 eeee 

c ·----------------------------------------------------------------- e~3~ae eeee c 0~3~3e eeee 
c t4344t eeee c e~3~s• eeee 

RETURN t~3~SS 
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END 043460 0eee 
SUIROUTINE STAINU<COHESN,ELAU~LELSURFtEL~ATRLGA"~A,IS"APE!ISH~PS, 043478 0800 

1 IT~PELPHI 1SHRSTR,SIG"AT,STA8Nn,JE,"S ABT,GAnMAA,GAM~~B,Q""~AC,F, i43488 0000 
2 FSHAP~,SE~DEP> 9434ge eeae 

c ------------------------------------------------------------------ e~3&ee eeee c ------------------------------------------------------------------ e•3s1e eeae C THIS SUBROUTINE CO"PUTES THE INITIAL STAIILITV H~"IER BASED ONLY 04352e 0080 
C OH INPUT GROUND PARA~ETERS AND ALSO COMPUTES IT !F STABIL!Z~TIOH 043530 0800 
C IS IV DE~ATERINQ 043540 0800 
c ------------------------------------------------------------------ e~3sse eeee 
c ------------------------------------------------------------------ e~3s&e eeee PI•3.141sg 043S7e 0e00 

SINPHI•SIN<PHiaPI/180. > 043580 0000 
TANPHI•TAH<PHiaPI/180. > 043Sg0 0000 

C CHECK UHETHER THIS IS THE SECOND COMPUTATION FOR THIS SEGME~T.IF 043600 0000 
C SO,CAN 8VPASS MOST OF THIS SUBROUTINE. 043610 0000 

IF<MSTABT.£0.2> GO TO 1158 0~3620 0000 
C COMPUTE STA8ILITV NU"BER FOR UNSTABILIZED GROUND 043630 0000 
C CHECK FOR GUT ABOVE GROUND SURFACE 043640 0000 

IFCELWATR.GT.ELSURF> GO TO 1050 043650 0000 
C CHECK FOR SEGMENT BELOU GUT 043660 0000 

IFCELAUG.LT.ELUATR> GO TO 1810 043670 0000 
C GUT IS BELOW SEG"ENT 043680 0000 

SIGGAH•SEGDEPIGAM~A 0436g0 0000 
IF<SEGDEP.LE.2.a8E> GO TO 1880 043700 0000 
GA~MAA•GAM~A 043710 0000 
GA~MAI•GAMMA 043720 0000 
GO To 1110 043730 e000 

18tt GAMMAC•CAM"A 043740 0000 
Go To 1111 043750 ee00 

C SEGMENT IS BELOW GUT 043760 0000 
181t DUATER•ELSURF-ELWATR 043770 8000 

SIQGAH•DUATERIGA""A+<ELUATR-ELAUG>I<GA"MA•62.4> 043780 0000 
IF<SEGDEP.L£.2.18E> GO TO 1830 0437g0 0008 
IF<DWATER.GT.2.t8E> GO TO 1820 043800 ee00 

C SEG"EHT IS DEEPER THAH 28E AND GUT IS UITHIH 28£ OF GROUND SURFACE 043810 0000 
GAM"AA•CGAMMAaDWATER+<GA""A·62.4>1<2 •• 8E-DUATER>)/(2.1BE> 043820 0000 
GAM"A8•CGA~MA·62.4> 043830 8000 
GO To 1108 043840 ee00 

C SEGMENT AND GUT ARE BOTH DEEPER THAN 28E 0•3850 0008 
1828 GAMMAA•GAMMA 043860 0080 

GA""AI•CGA~MAa<DUATER-2.f8E>+<GAMMA-62.~>a<ELUATR·ELAUG>>/CSEGDEP- 043878 eeee 
1 a.atE> 043888 0000 

GO To 1110 8~J8g0 0eee 
C SE~ENT IS UITHIN 28E OF GROUND SURFACE 043gee 0088 

1138 GA~MAC•<GAM"AlDUATER+<GA~~A-62.4>1<ELWATR-ELAUG>>/SEGDEP 943g10 0008 
Go To 1100 e43g28 eeee 

C GUT IS AIOVE GROUND SURFACE 043g38 tete 
1868 GAMMAA•QA"~-62.4 t•Jg41 ttee 

GAM"AB•GA"~-62.4 t43gse eee1 
GAM"AC•QA"MA-62.4 843g&e 0808 
SIQQAH•SEGDEPICGA""A-62.~> t4Jg7e tete 

-
• 
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c ------------------------------------------------------------------ e4J;ae eeoe lltl PHIEQR•ATAN C COHESN/SICCAM+TA~HI > 0~3ii0 eeee 
PHIEQ•PHIEQRtllt, / PI 0~4800 0880 
Ir<PHIEQ.QT.~S. l PHIEQ•45 . 0~4810 0880 

C ESTAiliSH SEGMENT TYPE AND SHAPE FACTORS 84~820 eeee 
trcSEQDEP.l£.2.aiE l GO TO 1380 044838 0880 
F•l.t ~~~848 8880 
FSHAPE•l.t 8~4858 08t0 
IFCITVP£,£0.1> GO TO 111t 04~868 eeee 

C SHAFT SEGMENT 044870 0800 
F•t.s 04~eae eee0 
FSHAPE•e.s t440i0 eeee 
IF CISHAPS.EQ.2 l F•t.6 0~4100 0800 
IF CISHAPS.EQ.2 l FSHAPE•0.6 0~4110 0800 
GO To 1200 044120 eee0 

C TUNNEl SECME~T 044130 0000 
1111 lF t iSHAPE.EQ,J > FSHAPE•1.25 0~4140 0000 

co To 1200 044150 eee0 
c ------------------------------------------------------------------ e~~l60 eeee C THE FOllOUlNC UNIT UEIGHTS ARE FOR STABILIZATION B¥ DEUATERING 044170 0000 
1158 IF CSECDEP.lE.2.1BE> CO TO 1160 044180 0000 

GA~~AA•GA"~A 0~41i0 0000 
GAM~AB•GA~~A 0~4200 0000 
co To 120e 0~4210 0000 

1161 QA~~AC•CA~"A 044220 8000 
co To 135t 044230 000e 

c ------------------------------------------------------------------ e~•2•e eeee C SEC~ENT IS DEEPER THAN 21E 044250 0800 
12ft SIC~AT•2.1BEIGA""A*F+CSEGDEP-2.1BE l l C 0.34-PHIEQ112 ,/6888. >1 0~4260 0000 

1 GA""AIFSHAPE 0~4270 0000 
C INCREASE SICMAT IF CUT IS ABOVE GROUND AND SEGMENT NOT DE~ATERED 9~4280 9800 

IF<"STAIT.EQ. 2 l GO TO 1250 8442i0 8800 
IF<ElUATR.CT.ElSURF l SIG"AT•SIG"AT+CElUATR-ElSURF >162.• 944309 eeee 

12St SIG"A1•2.tiElGA~MAAtF+ < SEGDEP-2.t8E > l < 0.34-PHI£Qll2. /6tee . ll 044310 9806 
1 GA"~ABJFSMAPE 8~4320 8800 

Go To 1~e• e~4330 ee00 
C SEG"ENT IS NO DEEPER THAN 21£ 0•4349 eeee 
t3et F•t.0 •~4350 eee0 

IF CITVPE.EQ.1 l GO TO 1358 044360 8800 
C SHAFT SEC~EHT 0•4370 eee0 

F•e.s e443Se ee0e 
IF<ISMAPS. £0.2 > F•t.6 e•4390 8809 

13St SIG~AT•SEGDEPIGA~"A*F 044488 0eee 
C INCREASE SIG~AT IF GUT IS AIOVE GROUND AND SEGMENT NOT DE~ATERED 04••1t 0608 

IFCMSTAIT. E0.2 > GO TO 1375 0••~21 eeee 
IF t El~ATR.GT.ElSURF > SIGMAT•SIGMAT+<ElWATR-ElSURF ll62.. 0.4438 eeee 

1375 SIQ"A1•SEGDEPICA"MACIF 0444•t eete 
c ------------------------------------------------------------------ •~~~se eeee 
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C CO"~UTE STA)ILITV NUMBER 844•68 0008 
14 .. FRSTRN•SIC"A1/2.1<1.-SINPHI>1TANPMI 84•4?8 eeee 

c 

c 
c c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

c 
c 
c 
c 

SHRSTR•COHESN+FRSTRN t44488 eeee 
STAIN"•SIC~AT/SHRSTR 0•••~e eeee 
------------------------------------------------------------------ •••see eeee RETURN 844518 0008 
END 844528 eeee 
SUIROUTINE AIRPRSCAIRPR ,D10,ELAVGtEl~ATRLIERRORLITVPE,PHI,SHRSTR, 84•538 8808 
1SIG"AT,STAINM,STAINO,LO,NREACH,MSHAFT,NSS~G,NTSE~> 844548 0008 
------------------------------------------------------------------ e~•sse eeee 
------------------------------------------------------------------ e~•s&e eeee 
THIS SUBROUTINE DETER~INES THE AIR PRESSURE TO BE uSED FOR SOFT 
GROUND CONSTRUCTION IN CO~PRESSED AIR 

•••5?e e0e8 
•••5a8 eee8 
844598 0000 
•••see 0000 

------------------------------------------------------------------ 94~019 eeee 
------------------------------------------------------------------ e4~6ae eeee CHECK FOR GRANULAR ~ATERIAL BElO~ GUT. IF SO, AIR PRESSURE IS 
CONTROLLED BV WATER HEAD 
IFCD19.GT .. 895 .AND.ELAVG.lT.ElUATR> AIRPR•.433*CElUATR-ElAVG l 
IFCD10.GT . • 995 .AND.ElAVG.lT.ElU~TR> RETURN 

0<44630 0000 
0•<4648 0000 
844658 0000 
844668 0000 

------------------------------------------------------------------ e~~67e eeee AIR PRESSURE IS NOT CONTROllED BV WATER HEAD. START BV COMPUTING 
STABILITV NU~BER USING ~IMIMU" AIR PRESSURE OF 7 PSI. 
AIRPR•7.9 
STABNM• CSIGMAT-AIRPR*14<4. l/SHRSTR 
CHECK FOR STABiliTV NU~BER DECREASE OF AT LEAST 1.0 
IF<STABNO-STABNM.GE.1. l GO TO 1108 
DECREASE LESS THAH 1.0 COMPUTE AIR PRESURE FOR DECREASE• 1.9 
AIRPR• CSIGMAT-CSTABN0-1. l1SHRSTRl/1 .. <4. 
CHECK FOR AIR PRESSURE GREATER THAN 58 PSI 
IFCAIRPR.GT.S0.> GO TO 1910 
AIR PRESSURE IS lESS THAH Se PSI. CAM SEGMENT BE EXCAVATED 
IF<STABN0-1 •• LE.~ •• AHO.PHI.LT.2i •. OR.STABN0-1 .. LE.? •• ANO.PHI 

1 .GE.2;. > GO TO 1050 

844680 ee00 

C SEGMENT CANNOT BE EXCAVATED FOR STABiliTY NU~BER DECREASE OF 1.0 
C CAUSED BV APPLICATION OF AIR PRESSURE,OR DECREASE OF 1.0 REQUIRES 

9•4698 0000 
044?99 0ea0 
0•4718 0000 
9<44729 0000 
9•4?38 0000 
0<44?48 0000 
8447Se eee0 
844?69 ee00 
944770 0000 
9••78e 0ee0 
844?~8 eee0 
944899 e0e0 
84 .. 818 ee00 
044828 0000 
044838 0000 
8<44840 0000 
844850 000e 

C AIR PRESSURE GREATER THAN 59 PSI. TRV Se PSI 
Uee AIRPR•S9. 

STABN~•<SIG~AT-AIRPRl144. ) /SHRSTR 
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C CHECK UHETHER SEQMENT CAN IE EXCAVATED ~SING 60 PSI e~~860 eeee 
IF<STAINM.LE.8 •• AND . PHI.~T.28 .• OR . STAI~"·~E . ? •• AND . P~I.GE.28. l 8•~878 eeee 

1 oo TO 1111 •·~aae eeee 
C SEGMENT CANNOT IE EXCAVATED USING St PSI,"AXIM~" A~LOUAIL£ PRESS. t•~age 0888 

IERROR•1 0~~gee eeee 
IF<ITVPE.£0.1) WRITE <L0,2808 l NTSEG,MREACH 8•~811 0080 
IF<ITVPE.EQ.2> WRITE <L0,3t08 l MSSEC.NSHAFT 0•~g2e 0881 
co TO 1211 ••~g3e e1ee 

C SEQ"ENT CAM IE EXC USING AIR PRESSURE FOR STAINO DECREASE•1.0 ~~~;•e 0881 
1151 STAIN"•STAIN0-1 . ~~·gse 0801 

GO TO 1211 0~•868 eee0 
c ------------------------------------------------------------------ e~~g7e eeee C STABILITY NUMBER DECREASE BV AT LEAST 1.8 FOR 7 PSI AI~ PRESSURE . 0~~980 0000 
C CAN SEGMENT BE EXCAVATED t••g80 0090 

1188 IF CSTAINM.LE.8 •• AND .PHI.LT.28 • . OR.STABN".LE.7 . . AND . P~I.CE.29 .l 0~5900 aeee 
1 oo To 12ee e~se1e eeee 

C SEGMENT CANNOT BE EXCAVATED FOR DECREASE•1.0 USING 7 PSI . COMPuTE 0~5920 0000 
C AIR PRESSURE SO SEGMENT CAN BE EXCAVATED 0~5930 0000 

SN•8. 0~se~e eeee 
IF <PHI.GE.28. > SN•7. •~sese eeee 
AIRPR• < SIGMAT-SNISHRSTRl 1 1~4 . 0~5960 0000 

C CHECK FOR AIR PRESSURE GREATER THAN 50 PSI 0~5070 0000 
IF CAIRPR.CT.S0. l GO TO 1158 0~5080 0000 

C AIR PRESSURE LESS THAN 58 PSI 0~5080 0000 
STABH"•SN 0~5100 8000 
GO TO 120e e~s110 0000 

C SEGMENT CANNOT BE EXCAVATED USING 50 PSI,MAXI MUM ALLOWABLE PRESS. 0~5120 0800 
1151 IERROR•1 0~5130 0900 

IFCITVPE.E0.1l URITE CL0,2t81 l NTSEG,NREACH 0~51~0 8000 
IF<ITVPE.E0.2l WRITE <LO,Jeee > NSSEG,NSHAFT 0~5150 0010 

12tt RETURN 0~5160 eeee 
c ------------------------------------------------------------------ e~s11e eeee 2ttl1~~~=e~~Eb ' u~~~~LL~~~O~HA~E~:E~~i·~~~ ' Pi~s~5=fH;o~5S;Ai~~~~!r¥gN 'l ::~~~= :::: 
lttl1~~~=e~+£b 'u~~~SLL~~~o~HA~E~:E~~i·l~~ ' Pi~s~~=~T;o~5S;Ai~t~~~r¥5N 'l ::~~~= :::: 

c ------------------------------------------------------------------ e~saae eeee RETURN 8~5225 
END 0~52Je eeee 

-
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----------------------------------------------------------------------

c 
c c 
c 
c c 
c 
c 
c c 

c 

c 

c 

c 

S¥1ROUTIH£ REACHDCA,I,CNP,S~~T,TROATA,NTSMAX,HSS~A~.NP"A~.N~~A~. 0~52•0 8880 
1N R"AMl ~~52~5 

------------------------------------------------------------------ ·~5258 •••• 
------------------------------------------------------------------ a4sese •••• THIS SUIROUTINE DETER~INES THE IEGINNING SEGME~T AND TOT~L 8~5270 08t0 

NU"IER OF SEGMENTS IN THE REACHES. ~~5280 8880 
e~5e;e t8te 

Nl •••••••••• LOCATION IN CAC ARRAY OF LEFT SEG~ENT IN A REACH 8~5300 0180 
H2 ••••••• • •• LOCATION IN CAC ARRAY OF RIGHT SEGMENT !~A REACH t•5318 08tt 
I ••••••••••• TUNNEL SEG"ENT SEQUENCE NU"IER 8~5320 eeee 
------------------------------------------------------------------ a~Sl3e eeee 
------------------------------------------------------------------ e~&J~e eeee 
CO"~ON / IASIC/ NSS NTS 0~5350 0800 
DI"ENSION A C NTSMAM,i8 l ,B<NSS"AX,~3 l ,CNP C NP~AX ,c l ,SHAFT ! HSMAX ,c3 l , 8~5360 0800 

1 TRDATA CNTR"AX,23 l 0~5370 0000 
------------------------------------------------------------------ e•sJse eeee N1•1 a~s3;0 e0ee 
I•t 0~5~00 0000 
IPR•A C 1,~ l 0~5410 0000 
NREACH•1PR 0~5420 0008 
NPL•A C1,2 l 0~5430 8000 
NPR•A <1 J > e~s~~0 8000 
STANPL•CNP CNPL,1l e~54Sa 8000 
STANPR•CNPCNPR,1 > 8~5~6a 0000 
STA~LS• C STANPl+STANPRl/2, 0~5~70 8000 
NSHAFT•TRDATA CNREACH,1 > 8~5~80 8000 
NPBS•SHAFT <NSHAFTt3 l 0~5~;0 8000 
STANP8•CNP<NPIS,1 J e•5St0 eeee 
------------------------------------------------------------------ e•ss1e eeee let I•I+1 e~552e ee00 

~~~~~~Q~~f§!l l GO TO 2te :!~~~= :::: 
IF CNREACH.NE.IPRl GO TO 2te 8~5550 8800 
N2•I •~5560 ee00 
GO TO see e~s570 ee00 

281 IF CSTAMLS.lT.STANPB l GO TO 258 
NRSEG1•H1 
NSEQS•N2-N1+1 
GO TO 3t0 

251 HRSEG1•N2 
NSEGS•-<N2-N1+1 > 

381 TRDATA<IPR,S l •NRSEG1 
TRDATA<IPR &>•HSEGS 
1FCI.EQ.NT§+1 ) GO TO 6t0 

• 

e~s5s0 e00e 
0~55;0 ee00 
e~S600 ee00 
•~5610 eeee 
0~5620 ee0e 
•~5630 ee0e 
e~564t eee8 
e~sss0 eeee 
e~566e eeee 
0~5670 eee8 

------------------------------------------------------------------ ·~6688 , •• , NPL•A<I,2 l e•S6it lett 

~~=~t:~~~ < NPL,1 > ::~~r: :::: 
STANPR•CNPCNPR,1 > e~S?ct eeee 
STA~LS•CSTAHPL+STANPR l/2. e~S738 eeee 
HSHAFT•TRDATACNREACH,1 l t~S?~t etet 
HPIS•SHAFTCNSHAFT,3 l 1~5758 ttlt 
STANPl•CNPCHPIS,l l 1~5768 8ttt 
IPR•HREACH t~S77t ttte 

(Cont inued) 

Al02 



COSTUN Listing (Continu~d) 

N1•I 8<45788 ette 
HI• I ~<457ie 8tae 

C 1 .. IFCI.HE.NTS+ll QO TO ltt I<4SBte eeae 
... C....,TI""'.. t<4SB18 eaae 

"'" nv5. 3<45828 .... 
c ------------------------------------------------------------------ a•sale eeee RETURN 0<468<~1 eeee 

END 8<45868 eee0 
IUIROUTINE ~DRATE <A,J,CNP,SHAFT,TRDATA,NTS"Ax,NSSnA~,NPMA~,NS~AX, 0<45868 tete 

lNT.-MX l e<4S865 
c ------------------------------------------------------------------ e•sa?e eeee 
c ------------------------------------------------------------------ e•ssse eeee c '"sage eee0 
C THIS SUIROUTINE CO"PUTES THE ULTIMATE HEADINC ADUANCE RATE FO~ 3<4Si88 eeee 
C SEQMENTS IN YHICH NONE ~AS USER SPECIFIED AND COMPUTES THE AVERAGE 8<4Si10 0880 
C ADVANCE RATE IN ALL SEQ~ENTS t<45i20 8800 
C 3<4Si30 eeee 
c ------------------------------------------------------------------ e•s;~e eeee 
c ------------------------------------------------------------------ e~sgse eeee CO~MON /BASIC/ NSS NTS e~sgse 0000 

DI~ENSION ACNTSMAX,~8l,BCHSSMA~.~3>,CNP<NPMA~,2>,SHAFTINSMA~,a3l, 0<4Sg?e 0800 
1 T~DATA<NT~~AX,2J) 0<4Sgse 8800 

c ------------------------------------------------------------------ e•ssge eeee 
c ------------------------------------------------------------------ e•seee eeee C COMPUTE ADVANCE RATES IN TUNNEl SEGMENTS 8<46010 0800 

¥~(~=zA~=~~~~AA~~I~~e~.-l0.E2~' GO TO .. e, ::~:3: :::: 
HRSEC1•TRDATACH~~ACHLS> 8<460~8 0000 
HSECS•TRDATA<NREACH,bl 8<46850 0800 
HSECSA•IAIS<NSECS> 8<46060 0888 

C INITIAliZE VAlUES 8<46870 1000 
PINSAR•I. 8<46888 0te0 
,.EXP•e 8<46898 eeee 
DO 381 I•l,NSECSA 8<46188 8808 

C H•SEQUEHCE HU"IE~ OF TUNNEL SEC~ENT 8<46110 8800 
IF<NSEGS.CT.t> N•NRSEC1+I-l 0<46120 eeee 
IF<NSECS.lT.8l N•HRSEC1-I+l 0<46138 8000 
,.EX•A<N,7> 8<461<40 8te8 
STAIHO•A<N,38l 0<46158 eeee 
E•e.7t82B 8<46160 ee0e 
AR•A<H,B> 8<46170 8800 
TSECL•ACN,<4S> 0<46188 8080 
IFC~EX.CT.Sl CO TO 1888 8<461i8 0888 

C CHECK FOR EXCAVATION IN DOWNHILL DIRECTION 0<46288 0088 
C IF EXCAVATION IS DOWNHilL1 UlTl"ATE ADVANCE RATE IS ONLV ;8 PERCENT 0<46210 0888 
C OF ULTI .. ATE RATE FOR LEU£~ OR UPHill EXCAVATION 8<46228 8088 

SlMF•1.e 8<46230 eeee 
NPL A(~ 21 8<462<40 ... , 
NPR:A<H:J) 8<46258 0088 
ElNPl•CNP<NPl,2l 8<46261 8888 
ElNPR•CNPCNPR 2> 1<46278 8088 
SLOPE•CElNPl-tLNPRl/CCNP<NPL,1l-CNPCNPR 1>> 8<46288 teee 
IF<HSECS.QT.t .AND. SLOPE. LT.& •• OR. NStGS.lT.e .AND. SLOPE.CT.t. l 0<462;8 0088 

1 SLARF•e.s 0<46388 e0ee 
IE•ACH,3i> 0<46318 8tee 
RS•ACN,&l 0<46328 8818 
RQD•A<H

6
tl 8<46338 8818 

QI•A<H, ) 1<463<48 teet 
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"ITAI•ACN.31l e46350 8000 
QO TO 31 046360 0000 

lltt IIUPPT•ACN.2ll e•6370 8000 
oo To 11 t4S3ae 0000 

31 I~<"EX.EQ.~EXPl QO TO 18 0463;0 000~ 
C THIS IS FIRST SEQ~ENT I~ REACH OR EXCAVATION "ETHOD HAS CHANCED 046.80 0000 

IINSAR•I. 046410 0000 
ao To ae 046428 eee0 

C EXCAVATION IS SA~E AS IN PREVIOUS SEG~ENT 0.6438 0008 
11 IINSAR•PINSAR-.05 046440 0000 

IF<IINSAR.LT.t.l IINSAR•t. 046450 0080 
2t IF<AR.QT.8.l ARTULT•AR 046468 0008 

IF<AR,GT.8.l QO TO 188 046478 0000 
c -------------------------------------------- e~s~se eeee C AN ULTI"ATE ADVANCE RATE HAS NOT BEEN SPECIFIED,MUST COMPUTE ONE 0464;0 0000 
C CO"PUTE SVSTE" ADVANCE RATES IN FEET124 HOURS 046588 0080 
C CHECK FOR ~ETHOD OF EXCAVATION 046510 0000 

1828 IFC"EX.GT.S> CO TO 1160 046520 0080 
C THIS IS NOT CUT AND COVER 046530 0000 

ISHAPE•TRDATACNREACH,J l 046540 0000 
IF C"EX.NE.2.AND."EX.HE.Jl CO TO St 046550 0000 
IFC"EX.EQ.2) CO TO 150 046560 0000 

c -------------------------------------------- 046579 eeee C "OLE IN SOFT GROUND 046580 0000 
ARTULT•C2.1<STAINO-?.lll2 +l.l110t000.1C80.-BEl113.1SLARF 0465g0 0000 
co To 1100 046600 0000 

C "OLE IN ROCK 046610 0800 
C ADVANCE RATE EQUATION NOT GOOD FOR ROCK STRENGTH BELOU 3080 PSI 046620 8800 

tse IF<RS.LT.3888.> RS•3000. 046630 e0e0 
ARTULT•<18088080,1CIEIRS l li C.6+.41SINC3,141591CRQDI75.+1.16? l ll 046640 0800 

11CCI+150I. l1 CS.ICI+1580. liSlARF 046650 0000 
ao TO 1100 046660 0000 

c -------------------------------------------- e~667e eeee C COHVENTIOHAL EXCAVATION IN ROCK OR HAND OR RIPPER EXC IN SOFT GRNO 046680 8080 
5t IFCISHAPE.EQ.1l SFA•0.785 0466ge 0088 

IFCISHAPE.EQ.c) SFA•0.893 046788 0800 
IFCISHAPE.EQ.3l SFA•8.42S 046710 0080 
IFC"EX.EQ.l) ARTULT•CC.8818E112.25 >1AQD+1t8t. l i<<CI+1580.ll 046728 0888 

1 C6.1GI+lS80. ll/CSFAIBEI11.SIEIIC.83511Elt<1.+.082SIRS/1088. l)l e•6738 0808 
2 SLARFICl.-RQDI<BE-18.)16088. l 8•6748 0080 
IF<~EX.EQ.1) GO TO 1210 046758 0008 
IF<"EX.EQ.4l ARTULT•Ct.JI<STABN0-10.)112 +1,)1188800.1 846768 0000 

1 C88.-BE>I13.1SLARFI0.?8SISFA 046?78 0000 
IF<~EX.EQ.Sl ARTULT•<1.41CSTAINO-?.Slll2 +1,)1188008.1 846?88 0000 

1 <81.-BE lii3,1SLARF11.?8SISFA 146?98 0000 
IFCISHAPE.NE.3l GO TO 1188 846888 8008 

c -------------------------------------------- 84&&1e eeee C SHAPE IS IASKETHAHDLE. CHECK FOR COMPUTED ADVANCE RATE GREATER 1.6828 0808 
C THAN FOR CIRCLE OF SAME IE FOR STABILITY NUMIER • e. IF GREATER, 1.6838 8888 
C SET ARTULT FOR IASKETHANDLE EQUAL TO ~AXI~U" RATE FOR CIRCLE. 046848 8808 

1FC"EX.EQ.4 l ART•8.881311<88.-JElli3.1SlARF 846858 8818 
IFC~X.EQ.Sl ART•I.881787SICI8.-IE>113.1SLARF 846868 8880 
IF<ARTULT.GT.ARTl ARTULT•ART 846871 8888 

c -------------------------------------------- t4&aae •••• C CHECK FOR SOFT GROUND FACE STAIILIZ~TION IV GROUND INJECTIONS 1•&198 tet8 
1118 IFCMSTAI.N£.3) GO TO 1281 846888 et88 

C QROUHD INJECTIONS ARE USED.CHECK FOR APPLICATION FROM INSIDE SEQ. t•6e10 8188 
HPLS•A<H,1?l 846eae tilt 
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COSTUN Listing (Continued) 

~=l=~~H~'~LS,2> =~~~~= :::: 
lt~~=,=~~~~~~!tf~PRS>Ia. e"&;se 1001 
ELAVG•<ELNPL+ELNPR l12, 8"6;&8 eeae 
S£QDEP•ELSURF•ELAVG 8"&;78 8830 
IFCISHAP£,NE.3l QO TO 1121 8"6;B8 8t88 
IFCSEQDEP-I£1"· .GT.S8.l QO TO 1158 8"6;;e 8888 
00 To 1211 e"7888 eeee 

112t IFCSEQDEP-I£12. ,QT.SI. l GO TO 1158 8"7818 8888 
00 To 1211 0"1020 ee0e 

C GROUHD INJECTIONS ARE "AD£ FAO~ WITHIN SEG"ENT AND SLOWS ADVANCE ::~=~= :::: 
1151 ARTULT•188.1C188.+ARTULTllARTULT 9"7050 8888 

ao TO 121e 0"7868 ee0e 
c -------------------------------------------- e~7e7e eeee C CUT AND COVER 0"7880 8888 

1161 ¥~?~¥s£;~~C~~'· l GO TO 1188 ::~~~= :::: 
C VERTICAL CUT a"7110 8880 

IFCISUPPT.EQ.S l ARTULT•15,+7,lATAN C3.-STABNO l 0"7120 8800 
IF<ISUPPT.EQ.& l ARTULT•18.+S.lATAN<".-STABNOl 8"7130 8800 
co To 1210 0"11"0 ee00 

C SLOPING CUT 8"7150 8800 
1188 DTRNCH•A<N 52 > e~7160 8800 

ARTULT•1S0e8. 1C SIDESLl<28.+DTRNCH l+388. l e47170 0008 
C CONVERT CO~PUTED ADVANCE RATES TO FEETIHOURS UORKED. INPUT RATES 0"7180 8000 
C ARE ALREADV IN FEETI HOURS UORKED 8"71;8 0800 

1281 HOURS•TROATA CHREACH,8> 8"7208 8008 
SHIFTS•l 8"7210 8880 
IFCHOURS.G£.12. 1 SHIFTS•2. 8"7228 8800 
IFCHOURS.GE.2l. l SHIFTS•3. 8"7230 8000 
EFFAC•1. 8"72"0 8800 
IFCHOURSISHIFTS.GT.S. l EFFAC•1.0-8 .81JCHOURSISHIFTS-B.lll2. 8"7250 8800 
ARTULT•ARTULTIEFFAC&HOURSI2"· 8"7260 8000 

c -------------------------------------------- •~727e eeee 1e1 IF<TSEGL.LE.2S.l<1.-BINSARl&2. >lARTULT > GO TO 128 8"7280 8800 
C ULTI~ATE ADVANCE RATE IS ATTAINED 0"7290 8800 

ARFAC•TSEGLIC25.l C1.-IINSARll12 lARTUtT+TSEGL l 8"7300 0800 
PIHSAR•1.0 8"7310 0880 
QO TO 2"0 8"7320 8880 

C ULTI~ATE ADVANCE RATE NEVER ATTAINED,SEGMENT TOO SHORT 8"7330 8800 
121 ARFAC•.Sl C BINSAR+SQRTCBINSARII2.+.0~lTSEGLIARTUlT > > 8"73"0 8888 

PINSAR•SQRTCBINSARll2.+.8"lTSECLIARTUtTl 0"7350 8800 
2"1 "EXP•"EX 8"7360 8880 

C CO~PUTE AND STORE AVERAGE ADVAHCE RATE FOR EACH SEG"ENT 8"7370 eeee 
ACN,,.gl•ARTUtT 8"7380 8088 

311 ~CHt8l•ARTULTlARFAC 8"73;0 8881 
411 CON IHUE 0"7"11 8188 

c ------------------------------------------------------------------ e~7~1t eeee 
c ------------------------------------------------------------------ e~1~2e eeee C CO~UTE ADVANCE RATES IN SHAFT SEQ~EHTS 0"7"30 teet 

DO Bee NSHAFT•1,NS"AX 1 .. 7 ... 8 eeet 
IF<SHAFT<NSHAFT,1 >.tE.-18.E2;> GO TO see 1"7~58 ettl 

C IF THE SHAFT IS A PORTAL, SKIP ADVANCE RATE CO"PUTATIONS 1"7"6e 0018 
HPORT•SHAFTCHSHAFTf23l 0 .. 7.78 tete 
IFCHPORT.EQ.l l QO 0 see 1"7~8e 8018 
NSSEG1•SHAFTCNSHAFT,1l 1"7"88 1118 
NSEQS•SHAFT<NSHAFT,.l 847518 eeee 

(Con tinued) 
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COSTUN Listing (Continued) 

C JMJTJ~LJZE V~LUES 
IIJHSM•t. 
"EXP•t 
DO 1 .. J•l,NSEQS 

C N•SEQUENCE NU~IER OF SHAFT SEO~ENT 
N•I•l+NSSECl 
ft£)(•J(N,1 ) 
S8EQ1.•1<N,JS> 

C CHECK FOR SHAFT CONSTRUCTED IN CUT AND COVER 
IF<~X.EQ.I ) ~RSULT•t. 
IF<~EX.EQ.I ) QO TO 1lt 
ST~INO•I<N,24 > 

C D•DEPTH TO ~IDPOINT OF SHAFT SEC"ENT 
D•I<N,36 J 
AR•J<N,8 l 
RQD•I <NL6 ) 
QI•J<N.~ ) 

C FU IS AN INFLOW ADVANCE RATE FACTOR• 1.t IN DRY SHAFTS, .S IN WET 
IF<Cl.LT.1 . > QO TO 448 

C SHAFT IS WET 
F1.1•8.s 
CO TO 458 

C SHAFT IS DRY 
441 FW•l.t 
458 JE•B <N,a; ) 

RS•J CH,5 ) 
IF C~EX.EQ.~EXP > CO TO 418 

C THIS IS FIRST SEC"EHT IN SHAFT OR EXCAVATION METHOD HAS CHANGED 
IINSAR•t . 
GO TO 4al 

C EXCAVATION IS SAftE AS IN PREVIOUS SEG~ENT 
418 IINSAR•PINSAR-.tS 

lF CIINSAR.LT.t. ) JINSAR•8. 
421 IFCAR.CT.8. ) ARSULT•AR 

IFCAR.CT.e. ) GO TO Stt 
c --------------------------------------------c AN ULTIMATE ADVANCE RATE HAS HOT BEEN SPECIFIED,"UST COMPUTE ONE 
C COftPUTE SVSTEM ADVANCE RATES IN FEET/ a4 HOURS 
C CHECK FOR ftETHOD OF EXCAVATION 

IF CftEX.EO.l .OR. "EX.EQ.4) GO TO 1618 
IF CftEX.E0.3 > GO TO 1688 

c --------------------------------------------c MOlE IN ROCK 
C ADVANCE RATE EQUATION NOT GOOD FOR ROCK STRENGTH BELOIJ 3eee PSI 

IF CRS.1.T.3188. > RS•38tt. 
ARSULT• C5118 .. f /(8EIRS>>I C.S+RQD/att. )IFW 
GO TO 1651 

C ftOLE IH SOFT GROUND 
c --------------------------------------------1611 ARSULT•C2S.-4 •• STAINO)IC1.-D/6818. l 

GO TO 1658 
C CONVENTIONAL EXCAVATION IH ROCK OR HAND EXCAVATION IN SOFT GROUND 
lilt IFC .. EX.EQ.4 ) QO TO 1621 

C CONVENTIONAL EXCAVATION IN ROCK 
ARSULT•.851FIJI CRQD+lti. )IC1 .-D/6ttt. ) 
QO TO liSt 

C HAND EXCAV~TION IN SOFT GROUND 
16!1 lSHAPS•SH~FT C NSHAFT,16 ) 

(Continued) 
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8475!8 01ee 
147Sae eeee 
•~7638 eeee 
t~154t e8ee 
847558 0888 
147568 eeee 
t47518 eeee 
t475&e eeee 
&475;8 eeee 
t47688 eeee 
841618 et88 
847628 eeee 
t47o3e e0e8 
041648 ttt8 
t47658 000e 
8-'766& eeee 
847678 eeee 
047688 eee0 
047698 eeee 
047789 eeee 
047719 eeee 
0-'7729 eeee 
047739 eeee 
047749 eeee 
047759 eeee 
047768 0088 
84?778 eeee 
847788 8088 
e4719t eee0 
841888 e0ee 
847810 0ee0 
04?828 e0ee 
047838 eee8 
8478~8 eee0 
047&se eeee 
04786e 00ee 
047878 eeee 
047888 eee9 
04?899 0000 
8•19ee 000e 
e•?Site 00ee 
84?5128 8088 
047;3e ee08 
e4?SI48 eeee 
t47SIS8 et08 
t41;&e eeee 
t47;?e eeee 
to4?;se eeee 
e41;;e eeee 
848888 etet 
t4at18 eeet 
848828 eeee 
t48831 eeee 
t4814t .... 
141158 8HI 
148161 tttl 
t48t1t lett 
....... 1818 



COSTUN Listing (Cont i nued) 

IFCIIMA~S.EQ.1 > SFA•I.?I& e480g0 888e 
IFCISHAPS.EQ.a l SFA•1.1 848180 8008 
ARSULT•C1t.-STAINO >I C1.-DI6tll. llt.?8SI SFA 848118 8008 

c -------------------------------------------- e•1120 eeee C CHECK FOR SOFT GROUND FACE STABILIZATION I V GROUND INJECTIONS 848130 8880 
1151 IF<"STAI.EQ.3 l GO TO 1660 848140 8800 

QO TO 1?11 848150 8800 
C GROUND INJECTIONS ARE USED.CHECK FOR APPLICATION FRO~ INSIDE SEQ. 848160 8a8e 
llit IF<D.LE.211. l GO TO 1?18 8481?0 8800 

C QROUND INJECTIONS ARE "AD£ FRO" UITHIN SEG"ENT AND SLOUS ADVANCE 848180 8800 
ARSULT•lti. IC 110.+ARSULT liAASULT 848198 8800 

C CONVERT CO~PUTED ADVANCE RATES TO FEETI HOURS UOAKED. INPUT RATES e48288 0008 
C ARE ALREADV IN FEETI HOUAS WORKED 048218 0000 

1?11 HOURS•SHAFT CNSHAFTt1? l 048228 0008 
ARSULT•ARSULTIHOUA~/24. 048230 8000 

c -------------------------------------------- e•sa•e eeee see IFCSSECL.LE.2S.l C1.-BINSAR*l2. laARSULT l GO TO 528 048258 0000 
C ULTIMATE ADVANCE RATE IS ATTAINED 848268 0000 

ARFAC•SSEGLI C2S.I Cl.-BINSARI**2 lAASULT+SSECll 0482?0 0000 
PINSAR•1.0 048280 0000 
co To 640 0482g0 0000 

C ULTI~ATE ADVANCE RATE NEUER ATTAINED.SEG~ENT TOO SHORT 048380 0080 
520 AAFAC•.SlC8INSAR+SQRT<BINSAAll2.+.041SSECLI AASULT ll 048310 0080 

PINSAR•SQRT <BINSAAI12,+,041SSECLI AASULTl 048320 eeee 
641 "EXP•~EX 048330 0000 

C CO~PUTE AND STORE AVERAGE ADVANCE RATE FOR EACH SEGMENT 048340 0000 
BCN,3;l•ARSULT 048350 0000 

711 ICNt8 l•ARSULTJARFAC 048360 0000 
111 coN INUE 0483?0 ee00 

c ------------------------------------------------------------------ e~aJse eeee RETURN 0483g0 8800 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c c 
c 

END e484ee e8ee 
SUBROUTINE CONSTM (A,B,CNP.SHAFT,TRDATA,NTS"AX.NSSMAX,HPMAX,NSMAX, 048.10 8880 

1HTRMAX l 0•8415 
------------------------------------------------------------------ 0~8420 eeee 
------------------------------------------------------------------ e•s~3e eeee THIS SUBROUTINE CALCULATES SEC~ENT CO~STRUCTIOH TIMES INCLUDING 048.40 8888 
TI~E FOR LINING 848450 0080 
------------------------------------------------------------------ ~~8460 eeee 
------------------------------------------------------------------ e•a~7e eeee COM"ON IBASICI NSS HTS 848488 8808 
DI~ENSION A< NTSMA~,S8 l ,8 C NSS~AX,43 l ,CHP < HPMAX,2 l ,SHAFT C HS~AX,23 l , 8484g8 eeee 

l TRDATA C NTR~AX,23 l 848580 0888 
------------------------------------------------------------------ ••ss1e eeee 
CALCULATE CONSTRUCTION TIME FOR TUHN£l SEGMENTS 
DO 61 I•l,NTS 
NEXT LINE SETS VERV HIGH LIHIHG ADVANCE RATE FOR UNLINED AHD 
SHOTCRETED TUNNEL SEG~ENTS ~ICH RESULTS IN PRACTICALLY ZERO 
CONSTRUCTION TIME IN THESE SEGMENTS. TIME FOR SHOTCAETINC IS ZERO 
IECAUSE IT IS PLACED I~MEDIATELV AFTER EXCAVATION 
AL•lt.EJe 
HTSTVP•ACI,16) 
HREACH•ACI 4) 
HOURS•TRDAtACNAEACH~I l 
DAVS•TRDATA<NREACH,wl 

(Continued) 
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848528 0e8e 
148538 eeee 
848548 0eee 
14&5se eeee 
1485&1 eeee 
848S7e 0eee 
848588 eeee 
t4ssge eee0 
l486tl 1e1e 
848618 ... , 
148620 ee11 
t41631 eett 



COSTUN Listing (Conlinued) 

--- ------- -----

IF <HTSTYP.QT.1> QO TO 41 848648 0008 

~f~l~~I~~~fa~ll AL•J•HOURS =~~i~: :::: 
4t AR•A<I 11 848678 e0ee 

TSEOL•~<I 46> a486Be aaee 
61 ~<l,&ll•CfSEQLIAR+TSEQL1AL l*7, 1DAVS 048690 8800 

c ------------------------------------------------------------------ e~a?e• eeee C C~LCULATE CONSTRUCTION TirtE FOR SI'IAFT SEGMENTS 848710 ett0 

c 
c 
c 
c 

c 

DO 11t 1•1 NSS 848720 8880 
NEXT LINE §ETS VERV HIGH LININQ ADVANCE RATE FOR UNLINED AND 848730 8800 
SHOTCRETED SHAFT SEGMENTS YHICH RESULTS IN PRACTICALLV ZERO 84&740 9000 
CONSTRUCTION TII'IE IN THESE SEGMENTS. TIME FOR SHOTCRETING IS ZERO 048750 9880 
BECAUSE IT IS PLACED IMI'IEDIATEtV AFTER EXCAVATION 048760 8000 
AL•1t.E3t 048770 8000 
NSSTVP•J <I,1S l 948780 8000 
NSHAFT•B CI 11 848790 8900 
ISHAPS•SHA~T C NSHAFT,l6) 848800 0000 
HOURS•SHAFT CNSHAFT,17 l 048810 9000 
0AVS•SHAFTCNSHAFTt18l 048820 9000 
IF CNSSTVP. CIT .1) ~;0 TO 80 042830 0000 
LINING•B CI 10 l 048840 0000 
IF <LINING.t0.1 l AL•c •• HOURS 048850 9000 

a0 AR•B <I Sl 948860 9000 
SSEGt•6CI,35 l 948870 9000 
NO CONSTRUCTION TirtE FOR CUT AND COVER OR OUI'I"V SHAFT 848880 0000 
IFCNSSTVP.EQ.3.0R.lSHAPS.EQ.0 l AR•10.E30 048890 9000 

100 B<l,40l• CSSEGLIAR+SSEGL1At>•7. 1DAVS 048900 0000 
c ------------------------------------------------------------------ e4&91e eeee 

c 
c 
c 
c 
c 

c 

c 
c 
c 
c 

c 

RETURN 048920 0000 
END 848930 e00e 
SUBROUTINE PUI'IPHT <A,B,CNP,SHAFT,TRDATA,NTSMAX,NSSI'IAX,NPrtAX,NS"AX, 848940 8000 

lNTRI'IAXl 848945 
------------------------------------------------------------------ e4ssse eeee 
------------------------------------------------------------------ e•s;se eeee THIS SUBROUTINE CO~PUTES PUMPING HEIGHTS FOR TUNNEL SEG"ENTS 048970 0000 
------------------------------------------------------------------ e•ssse eeee 
------------------------------------------------------------------ e•ssge eeee CO""ON I IASICI HSS HTS 84i000 8000 
DIMENSION A<NTS"AX,~8 l ,8 C NSSMAX,43 l ,CNP C NPMAX,2>,SHAFT C NSrtAX,23 l , e4g010 0000 

1 TRDATA <HTRMAX,23> 0~9020 8000 
------------------------------------------------------------------ e~g030 eeee Do ae0 I•l,NTS 94g040 e8e0 
NREACH•A CI,4 l 04i050 0090 
NTSTVP•A<I 16 > 04i060 9080 
IF<NTSTVP.t0.3 l GO TO 100 04i070 0080 
ROCK OR SOFT GROUND 049080 te80 
COrtPUTE PU"PING I'IEIGHTS. PU~PINC HEIGHT EQUALS SHAFT DEPTH OR 94g0g0 0080 
DIFFERENCE IN ELEVATION rROM TOP OF SHAFT TO "IDPOINT OF TUNNEL 04g100 9800 
SEGI'IENTt WHICHEVER IS GREATER 04g110 0880 
NSHAFT• RDATA CNREACH,l l 94g120 0880 
NPTS•SHAFT<NSHAFT,2l 94g130 9088 
ELTS•CHP CNPTS,2 l 04i140 8888 
NPt•A <I.a > e4g1se eeee 
NPA•A <I,3 ) 04i161 8010 
ELNPL•CNP <NPL,2 l 04i170 0118 
ElNPR•CHP<NPR 2 1 l4i181 8088 
ELEVATION AT MIDPOINT OF TUNNEL SEGMENT l4i1il 8088 
EtAUQ•CELNPL+ELNPRl12, 14i281 eeee 
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COSTUN Listing (Continued) 

~TEtHH~~b=~QTO "UCK HOISTING HEIGHT<SHAFT DEPTH J !!!~a188 8
0!!! HH•SHAFT<NIHAFT,I l • •~ ••• IF<HH.C[.~H> PH•HH 84;238 eet8 

00 
TO 151 849248 e0e0 

CUT AND COVER ::~~~= :::: 
111 Y~To~~~t~~~.ets > PH•t 84;2?8 eeee 

IFCD11.LE.t.eiS > GO TO 151 14g2se eeee 
ELROCK•A CI,2? l ::~~:: :::: 
IYATER•ACIL23 l 8493~8 0018 
~~(~;~~=i~~, ::~~~= :::: 
NPRS•A<I,18 > 849348 0008 
ELNPLS•CNP CNPLS,2 l 849358 0008 
ELNPRS•CNP CNPRS 2 l &~~~68 0008 
ELSURF•<ELNPLS+ttNPRS l/2, e4gJ?8 0008 
DROCK•ELSURF- ELROCK 049388 0008 
DTRNCH•A <I,52 l 049Jg8 0008 
~EX•A C I,7 > 049488 0088 
ISUPPT•A <I,26 l 049410 0000 
ELWATR•A CI,14 > 849420 0000 
DStURV•A <I 38 > 049430 0080 
PH•THE S"A{LER OF CEt SURF-ELIMPl AND DTRNCH, EXCEPT FOR SU~P 049448 0008 
PU"PING, FOR UHI CH PH•DTRNCH 049450 0008 
IF <DTRNCH.GE.EtSURF-EtiMPl PH•EtSURF-EtiMP 049460 0800 
IF CDTRNCH.tT.EtSURF-ELIMPl PH•DTRNCH 049470 0080 
IF CIYATER.EQ.0 . OR . ISUPPT.EQ.S .AND. DROCK .tT.DTRHCH>PH•DTRNCH 049480 0800 
IF CIUATER.EQ.t.AND.ISUPPT.EQ.6.AND.DStURV. GE.ELSURF-ELIMPl PH•0 0494g0 0000 
IF <ELUATR.tT. ELSURF-DTRNCH l PH•8 049500 0090 

C STORE PU~PING HEIGHT 049510 0090 1:: ~~~ti~~EPH ::~~~= :::: 
c ------------------------------------------------------------------ e•ss•e eeee RETURN 049550 0088 

c 
c c c 
c 
c 
c 

c 
c c 
c 
c 

END 049560 0000 
SUBROUTINE PU"PRT CA,I,CNP,SHAFT , TRDATA,NTS"AX, NSSMAX, NPMAX,HSMAX, 049578 0088 

1NTRMAX l 049575 
------------------------------------------------------------------ e4;sse eeee 
------------------------------------------------------------------ e4;sge eeee FLOU RATE TO BE PU"PED FRO" TUNNEL AHD DEUATERING FOR TUNNELS 049680 8008 
AND SHAFTS. 049618 0008 
------------------------------------------------------------------ e4962e eeee 
------------------------------------------------------------------ e4;&3e eeee 049640 0000 
CO"MON / IASIC/ HSS HTS 04;658 8008 
DI"EHSION A C NTS~A~.~Sl,B C HSS~A~,43 > , CNP C NPMAX,c l ,SHAFTC NS~A~,23 > , 849668 teee 

1 TRDATACNTRMAX,23 l 8496?8 0800 
t49688 0e00 

*******************************************************'********** 0~9698 0100 TUNH£LS 149788 8888 
***************************************************••*****•******* 049710 ee00 
DO 4tt NREACH•1,NTR"AX 
IFCTADATA<NREACHLl >.LT.-1t.E2;) GO TO 411 
NRSEQ1•TRDATACHR~ACH S l 
NSEQS•TRDATA<NREACH,,) 
NSEQSA•IAIS CNSEQS l 
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8~9720 ee0e 
t49738 eeee 
049?40 eee0 
e4V7SI eee1 
e~v7se eee1 
t49?71 e0ee 



c 

c 

c 
c 
c 
c 

c 

c 
c c 

c 

c 

c c 

COSTUN Listing (Continued) 

tNJTt~~JZE VALUES e~g?at teet 
,L.T•I. e~;?;~ ~~~~ 
TUIE•I.I l4;8tt teet zz·•·• 84;&1t eeee z·•· 84;aee ee8t 
~~.lZ~ENCE 1HbA;~~Q~~ TUNHEL SEC"ENT :~&:!: :::: 
lFCNSEGS.QT.t> H•NRSEGl+l-1 e~;ase teet 
lFCNSEQS.LT.I> H•HRSEQ1-I+1 t4;86t teet 
NTSTVP•A<N£16l ~~;B?t tttt 
PER~•A < N,2~> 84;888 teet 
Dli•~ <H.1; > e~;a;e eeee 
l~ATER•ACNL23 l t4;;ee teet 
~STAI•A < N.~1 > 84;i10 tttt 
IE•A<N.3; ) e~;;ae 8880 
ELAOCK•A<H.27 > 149;30 t8et 
~E~•A < N.7 l 849;40 8800 
ELWATR•A CN.14 > 0~9950 8800 
HPL•A<N.2 > e4;;6e 0000 
NPR•A<N.3 > 04;970 8000 
ELNPL•CNP <HPL.2 > 84;980 0000 
ELNPR•CNPCHPR 2> 04;gge 0000 
ELAUC•<ELNPL+tLNPR)/2. 850000 8000 
IF<NTSTVP.EQ,J) GO TO 281 050010 0800 
------------------------------------------------------------------ esee2a eeee ROCK OR SOFT GROUND TUNHE~S 850030 eee0 
------------------------------------------------------------------ esee4e eeee HEADING INFLOW AND RESIDUAL FLOW IH TUNNELS 050850 8008 
GI•ACH.; > 850860 8808 
ELIOT"•ELAVG-BE/ 2, 850078 0tt8 
ISHAPE•TRDATACNREACH Jl 858880 8800 
IF<ISHAPE.EO.J> ELBOfM•ElAVG-BE/~. 850098 0008 
IF GROUNDWATER BELOW TUNNEL. GI • e 850188 1088 
IF<ELUATR.tT.ELIOT~> GI•0. 858118 8800 
IF<HTSTVP.E0.2> GO TO 1~8 858120 8100 
ROCK TUNNELS 851138 8800 
ESTABLISH RESIDUAL INFlOWCGP"/ FT> AND INFLOW AT FACE FOR PU~PING 8501~8 8000 
IN GP" 850158 8810 
IF CGI.GE.18t. > CO TO 135 858168 8080 
GIR•t.tt1JCI 058170 0800 
GIF•GI 050180 8880 
co To 155 858198 0010 

135 CIR•t.t 8582tt 80ae 
GIF•1ee. 058210 80t0 
co To 1ss 858220 8810 
SOFT GROUND TUNNELS 858230 eeee 

1~• GIF•GI es0a~e 0eee 
GIR•e. e5e25e eeee 

155 A<H1 &t >•QIR 8582&e eeee 
R•FLRT 858271 0880 
TSEGL•A<N ~5 > e5eaae eeee 
FLRT•t.S16IRITSEGL 85t2vt eeee 
AUERAG£ ~LOW TO IE PU~PED AND CHARGED TO NTH SEQ"ENT 15t3tt tete 
FLOW•Z+R+FLRT+QIF 851318 1008 
A<N158>•FLOW 858328 1188 
Z•FLOW-CIF 8St33t tete 
THE FOLLOWING WILL DETER~IHE THE LENGTH OF PIPE REQUIRED 85834f tt81 
FOR THE SEQ~ENT WHEH PU~PIHQ UPHILL. IT IS ASSUMED THAT NO PIPE t5t3St tltl 
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c c 

c c 
c 

c 

c 
c 
c 
c 

c 
c 

COSTUN Listing (Continued) 

------ ----------
If ~EQUIRED UNEN TME THE ~ATER ~AV RUN DOUN THE SEO~ENT IN T~E 
D ~ECTION OF THE EMIT SHAFT. 
NPL•ACN,Il 
Nftft•A<H 3> 
ELEVD•CH;<"'~ 2>-CNP<NPL 2J 
SLOPE IS POSitiVE YHEN U~HILl IN THE DIRECTION OF kEADINQ ADvANCE 
SS• SIGH OF THE SlOPE<ACTUAl VALUE IS I""ATERIAL J 

SS•Et.EVD&NSEQS 
ESTAILISH THE PIPE LENGTH REQUIRED 
PIPE•t.l 
IF<SS.LT.t> PIPE•t.S•TSEGL 
DETEA"INE THE CU~UlATIVE PIPE LENGTHS REQUIRED 
ACNL&IJ•ZZ+TUIE+PIPE 
TUit.•PIPE 
ZZ•A<N 58> 
IF<NTStVP.EQ.2> GO TO 168 
ROCK TUNNELS 
QO TO 311 

aseJse eeee 
t5eJ?e eea0 
&5tJ8e 011e 
esnge 8tte 
e5e•ee t80e 
858·41• 000e 
t50•2t eeee 
t58•3e 811et 
t60<4<48 lltte 
t5e<4S8 eeee 
ese•u eeee 
850<478 8881 
858<488 e00e 
858<498 e00e 
858508 000e 
t505U 0000 
850528 0008 
850530 00ee 
0505<48 0eee 
050558 0008 

DE~ATERING FOR SOFT GROUND TUNNELS 050568 0008 
16t IF<"STAB.NE.2 .OR.ABS<PER"J.LE. 8.0806 > GO TO 258 050578 0008 

HEADV•e 850588 0000 
ELI"P•A<N 2<4> 050598 ee08 
IF DEWATE~ING ~ETHOD USEDt YATER TABLE ABOVE IMPERVIOUS LAVER, AND 050608 0000 
UATER TABLE ABOVE ELAUG, HEN SET FOLLOUINC VALUES 050610 0000 
IFCELIMP.QE.ElBOT"l DRAWDN•Et.UATR-ELI"P 050620 0000 
IF<Et.IMP.LT.ELBOTM > DRAUDN•Et.UATR-ElBOT" 050630 0000 
DI"P•ElBOT"-Eli~P 0606<48 0000 
coo To 21e 050658 0000 

c ------------------------------------------------------------------ ese&&e eeee C CUT AND COVER DEUATERINQ 050670 0008 
c ------------------------------------------------------------------ ese6ae eeee 211 NPt.S•A<N,17> 0s06g0 0000 

NPRS•ACN 18) 858700 0000 
ELNPLS•CNPCNPLS,2> 050710 0000 
Et.NPRS•CNP<NPRS 2> 858728 0008 
Et.SURF•<ELNPLS+tLNPRS)/2, 060738 0000 
IF<Dte.L£.8.ee5> co To 258 0507<48 8000 
Et.IMP•ACN,2<4) 058750 0008 
DTRNCH•A<N,52 ) 058768 0000 
ISUPPT•ACNL26 > 858?70 8080 
PER~•ABS<P~R" > 858?80 8000 
IF<ISUPPT.N£.6 .OR. I~ATER.EQ.1 ) GO TO 285 0S8?g8 0080 
CHECK FOR SLURRV YALL PENETRATING I"PERUIOUS LAVER 058800 8088 
DSLUR~•A<N 38> 858818 81100 
IFCDSLUR~.6E.ELSUR~-ELI~P.OR.DSlURV.G£.ElSURF-ELROCK l GO TO 250 8511820 0080 

285 HEADV•-?.ICALOG18<PER~l+1.) 8611830 0080 
IFCHEADU.CT.21. > HEADV•21. 0508<40 8080 
IF<HEADV.t.T.0.tl HEADV•t. 850850 tete 
HEADV•e ~OR SU"' PUMPINQ 0511868 8000 
IFCI~ATER.EQ.8.0R. ISUPPT.EQ.S.AND.ELROCK.CT.Et.SURF-DTRNCH>HEADV•e 0588?0 01108 
DRAYDN•DTRNCH-<ELSURF-EL~ATRl 0588811 8et8 
DI~P•Et.SURF-ELI~P-DTRNCH 15118;11 eeet 
IF<DI"P.LT.e.eJ DRA~DN•El~ATR-ELIMP 05eg00 teet 

218 IF<DI"P.LT.8.) DIMP•t eseg1e etet 
C DEWATERING IS NOT NEEDED IF GROUNDUATER IEt.OY IOTT~ OF E~C. ese;2e eee0 

IF<DRAYDH.t.E.t.) CO TO 2&t tse;JII 11188 

c 

c 
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COSTUN Listing (Continued) 

HEAD•~AWDN+DI"'+HEADV 
PERf'•IIIISCPERI'I> 
Fl.OWDU•I.761C0.73+8.271 C HEAD-DI~P>/HEAD l tCHEADII2-DI"PIJ2 l 

1/ CHEAD-SQRTCHEADtDIMP >l iPERM 
IFCIWATER.EQ.t l QO TO 2~t 
IS IT SOI.DIEA PII.E UIT~ l.AGGING AND ROCK l.INE AIOVE 
1FCISUPPT.HE.5 l CO TO 215 

t60i-40 eeee 
e58958 eeee 
168961 eaee 
e5e97t aee0 
es89B8 0001 

IF<El.ROCK.GT.El.SURF-DTRNCH l GO TO 2-40 
C YELl. CAPACITY AND NUMBER OF WELLS 

21& IFCFI.OWDY.l.E.t.7 > GO TO 220 
IF<Fl.OIJDU.QT.-481. > GO TO 238 
Fl.OYL•lS.tFl.OWDUit1.2 
YEl.LSP•l5.1Fl.OUDUJt0.2 

TAEHC~ lOTiO~ 050990 0000 
0S10ee 0000 
051810 0eee 
051020 000e 
051031 eaee 
0510-40 eeee 
051050 0100 
051060 e00e 
051870 e00e 
051080 eee0 
051090 0000 
051100 0000 
051110 0000 
051120 0000 
051130 0000 
0511-40 0000 
051150 0000 
051160 0000 
051170 0900 
051180 0000 
0511g0 0000 
051200 0000 

QO TO 235 
228 F'l.OIJI. •18 

UEI.l.SP•18 
GO TO 23S 

230 Fl.OW1.•2eeee 
UE1.1.SP•20000/ F'l.OUDU 

23S UEI.l.S•2,/WEI.LSP 
GO TO 260 

C STORE F'l.OW FROM SUMP PUMPS 
2~0 A<N1 6l l•F'l.OU0Wt2. 

UElL.S•0 
A<Nf68 l•UEI.l.S 
GO 0 300 

2se FLOWI.•e 
IJEI.l.S•t 

C STORE YEI.l. CAPACITY AND NUMBER OF' WELLS PER FT OF TUNNEl. 
051210 0000 
051220 0000 
051230 0000 

c 
c 
c 
c 
c 

c 

c 

268 ACN,61 l •F'l.OIJ1. 
ACNf68 >•t.IEl.l.S 

3et CON INUE 
<488 CONTINUE 

0512-40 0000 
051250 0000 
051260 0000 
051270 0000 

llllllllllllliiJIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIJJlllllllllltll 051280 0000 
SHAFTS-- DEIJATERING ONI.V 051290 0000 
IIIIJIIIIIIIIIIIJIIIIIIJIIIIIIIIIIIIliiiiiiiiiiiiiiiii&Jl&lllllltl 051300 0000 

es131e 0000 
DO 700 NSHAF'T•1,NS~AX 051320 8000 
IF <SHAF'T CNSHAF'T.l>.l.T.-18.E29 l GO TO 700 051330 0000 
NSSEC1•SHAF'T CNSHAFT,1 > 8513-40 0000 
NSECS•SHAFT CNSHAF'T,-4 > 051350 0000 
DO 680 I•1.NSECS 0S1360 0000 
N•NSSEG1+I-1 0S1370 0000 
NSSTVP•B C N~1S ) 0S1380 0000 

~~~:;!j~N;2J > :~i~~= :::: 
MEX•B CNL7l 0S1-410 0800 
IE•ICN ~g) 051-428 0000 
IFCNSSfvP.N£.2) GO TO SSe 051-43t 0000 
SOFT QAOUND SHAFTS 051-4-40 000t 
IF<MSTAI.NE.2 .OR. ABS < PER~>.l.E. e.eee6> QO TO SS0 851-450 0080 
El.UATR•ICN,13> 051<460 008t 
NPI•ICN,-4 ) 051<47t te0e 
El.NPI•CNPCNPI 2 > 0S1<480 eeee 
DEWATE~INC MOf HEEDED IF GROUNDWATER 8£1.01.1 lOTTO~ OF SH~FT SEG~EHT IS1<4ge eeee 
IF CELWATR.LE.El.HPB> GO TO SSe t61Ste eeee 
HPTS•SHAFT CHSHAF'T*2) 861518 etee 
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COSTUN Listing (Continued) 

ELSU~F•CHP<HPTS,a) es15~e A0&e 
ISHAPS•SH~T<NSHAFT,16 ) ~ ~ ~ 
ELI~·I<N,il> 051538 eeee 
~WDN•EL~ATR-ELNPI 8615~8 eeee 
DI"P•ELNPI-ELIMP 851558 eeee 
HEAD•D~YDN+DIMP =~t;~: :::: 
PER"·~IS<PER"> 851588 eeee 
FLOWDW•I.?51CI.73+8,271 < HE~D-DIMP)/HE~D>I C HE~Dli2-DI~Pal2 > 0515i0 eeee 

l/CHEAD-SQRT<HEADIDI"P>>lPER" 051608 eeee 
WELLS•3 051610 eeee 

f~~i~H~~S.EQ.2> SFP·~ =~l~~= :::: 
WELLSP•SFPICI£+20, )/3, 0516~8 eea0 
FLOUL•FLOWDYI~ELLSP 051650 0808 
oo To 5&e 051660 eeee 

C ROCK OR CUT AND COVER SHAFTS 051670 0000 
sse FLO~t·e 051680 e00e 

C STORE UELL CAPACITV 051690 0000 
s&e B<Nt~2l•Ftout 051700 0eee 

c 
c 
c 
c 
c 
c 

c 
c 

c 
c 

c 

see CON INuE 051710 0e0e 
711 CONTINUE 051720 0000 

RETURN 051730 0000 
END 0517~0 0000 
SUBROUTINE VOLUME CA,B,CNP,SHAFT,TRDATA,NTS~AX,NSSMAX,NP~AX,~SMAX, 051750 eee0 
1NTR~AX ) 051755 
------------------------------------------------------------------ est7&e eeee 
------------------------------------------------------------------ es1170 eeee THIS SUBROUTINE CO"PUTES THE EXCAVATED VOLU"E PER LINEAR FOOT OF 051780 0000 
TUNNEL AND SHAFT 051790 0000 
------------------------------------------------------------------ estsee eeee 
------------------------------------------------------------------ es111e eeee CO~MON IBASICI NSS NTS 051820 0880 
DI"ENSIOM A < ~TSMAX,~8>,B C NSSMAX,~3 > ,CNP<NP"AX,c l ,SHAFT CNS"AX,23 > , 051830 0000 

1 TRDATA<NTR"AX,23 > 051840 0000 
------------------------------------------------------------------ e5t85e eeee TUNNEL VOLUME INCLUDING OVERBREAK IN SOLID CUIIC VARDS/tOOT 051860 0000 
DO 11 1•1 NTS 051870 0000 
HTSTVP•A<i.16 ) 051880 eeee 
CHECK IF SEGMENT EXCAVATED BV CUT AND COVER 051890 0eee 
IFCNTSTVP.EQ.J> GO TO 55 051980 0000 
TUNNEL 051918 0000 
BOB•ACI,.c ) 051928 0000 
HREACH•A<I,~ > 051930 0000 
ISHAPE•TRDATA CNREACH,3 l 8519~0 0000 
CHECK THE SHAPE OF TUNNEL 851950 0000 
IF<ISHAPE.EQ.1 ) SFA•8.7B5 051960 8008 
IF<ISHAPE.EQ.c) SFA•8.B93 851978 0088 
IFCISHAPE.EQ.Jl SFA•t.~25 851980 0888 
U•JOB*I2lSFAI27. 051998 0080 
co To 10 es2ee0 e00e 

c ------------------------------------------------------------------ esaete eeee C CUT AND COVER 052020 8080 
S& IE•ACI,39> 852830 eeee 

DTRNC~•A C I£52> :;~:;: :::: 
HPtS•A<I,1 7 l esaese eeet 
HPRS•AC1,11> es2e?e eete 
!~~~~EA+~t6~tPTH OF ROCK 852888 eeee c 
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COSTCN Listing (Continued) 

-- -- - -----------

ELROCK•ACI 87> esae;e ee0e 
ELSURF•t.Si<CHP<NPL$,8l+CNP<NPRS,2ll 852181 0088 
DROCK•ELSURF•ELROCK esa:10 0181 

C CO~TE THE EXCAVATED VOLU~E IF CUT' IS ENTIREL¥ IN SOIL 1Sa~28 0188 
VROCK•t. 152130 ee81 
USOIL•<IE+DTRNCHJSIDESl liDTRNCH/27. 152!40 8881 
IF<DROCK.GE.DTR~CH> GO TO 88 152158 0080 

C CO~PUTE THE EXC-U~TED VOLUME IF CUT IS IN P~RT SOIL-PART ROC( 152161 tte0 
VROCK•IEI <DTRNCH-DROCK l/27. 852170 tete 
USOIL•<IE+DROCKJSIDESL lJDROCK/ 27. 852180 teet 

18 V•UROCK+VSOIL 852190 8880 
11 A<I,51 >•V e622e0 eee0 

c ------------------------------------------------------------------ es221e eeee C SHAFT 852221 ttee 
DO 21 I•1LNSS 852230 1100 
IOI•J<IL3~ l 0522~0 0800 
SFA•t.7•S 152250 1000 
NSHAFT•I <I 1l 052260 9000 
ISHAPS•SHAfT<NSHAFT,16l 052270 9000 

~~~I~=A~~~t~~~ ~ SFA•l. =~~~~: :::: 
v•e. 052300 ee0e 
IF CISHAPS.EQ.8 l GO TO 21 052310 8000 
IF < ~SST¥P.HE.3 > V•IOBI12tSFA/ 2?. 052328 0000 

2e J<I,3B>•v 052330 0001 
RETURN 1523~1 8008 
END 052358 1000 
SUBROUTINE EXCVOL <A,B,CNP,SHAFT,TRDATA,HTSMAX,NSS~AX,NP~AX,NS"AX, 052360 1008 

lNTR"AXl 852365 
c ------------------------------------------------------------------ es237e eeee 
c ------------------------------------------------------------------ esaJse eeee C C~LCULATES THE EXCAV~TED VOLU~E TO EXIT FROM EACH SHAFT AND 052390 0001 
C LENGTH OF TRENCH TEMPORARILY LEFT OPEN IN CUT-~ND-COVER EXC~VATION 052~00 0008 
c ------------------------------------------------------------------ es2•1e eeee 
c ------------------------------------------------------------------ eS242e eeee CO~~OH /BASIC/ NSS HTS 152~30 0800 

DIMENSION ~<NTS"~x.68 > ,8 < NSS"AX,~3 > ,CNP C NP~AX,2 > ,SH~FT<HS~AX,23>, 052~~0 8008 
1 TRDATA C NTRM~X,23> 152451 0000 

c ------------------------------------------------------------------ e52A&e eeee c 0524?0 ee0e 
C INITIALIZE TOTAL EXC~VATED VOLU~E 052~80 8000 

DO 110 H•l,NS"AX 852490 0800 

C ttl ~~~~~~t~ ~U~l~"E FRO" CUT AND COVER REACH =~~~r: :::: 
e ------------------------------------------------------------------ esasee eeee DO 1110 1•1 HTRMAX 852530 8080 

IF <TRDATA <f,1>.LT.8 l GO TO 1818 152540 0810 
HRSEG1•TRDATA<I,5 l 052550 0018 
HTSTVP•A<NRSEG1,16 l 052560 eeee 
IF<HTSTVP.HE.3> CO TO 1188 852570 1118 
HSHAFT•TRDATA<ILl l 062588 08te 
HSECS•TRDAT~<ILD) 0525ge eeee 
DAVS•TRDATA<I ~> 152610 1010 
HSEGS-•IAJS<N,EGS> 852611 eeee 
VTEXC•t. 062621 1111 
VTIOX•t. 1626Je 0118 
PINSAR•t. 052641 0181 
"•NRSEG1 152651 lltl 
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COSTUN Listing (Continued) 

---------------- ------------------------------
t.•t 
vns·•· 

UH T1•1. 
t.•l+l 
TKQL ••ci'I.~S> 
V •ACI'IJ,Sl> 
VJO)( •ACI'I.&~l 
AR •ACI'I, l l 
ARTULT•IIIC"·"Si l 
t.INIHQ•IIIC"Llt> 
CTT$1 •TSEI.iVAR 

C ADVANCE RATE FACTOR AT END POINTS OF SEG,.ENT 
IINSAR•PINSAR-e.es 
IFCIIHSAR.t.T.t.l BlNSAR•t. 
TI'IUt.T•C1.-IINSAR>/8,82 
PIHSAR•IINSAR+8,82JCTTS1 
lFCPINSAR.GT.t, lPIHSAR•l. 

C TII'IE REQUIRED FOR TRENCH TO BE LEFT OPEN 
IFCliNIHG.EQ.ll TI,.EOP•38.JDAVS/7,+18. 
IFCLINING.EQ.3) TI,.EOP•l8. 
VTExC•VTEXC+VJTSEGt. 
VTBOX•VTBOX+UBOXJTSEGt. 
IFCCTTSl.GT.TI,.EOPl Tl•CTTS1-TII'IEOP 

C CO,.PUTE THE LENGTH OF OPEN UITHOUT BACKFill 
12tl IFCCTTSl.t.E.T .. Ut.T) OPENT•ARTUtTJCCTTS1-Tl lJ CBINSAR+0,8lJ CCTTS1+T1 l 

1 ) 
IFCCTTS1.GT.T,.Ut.T l OPEHT•ARTUt.TJ CBINSARJ<T,.Ut.T-T1 l+0.01J <T"Ut.TJJ2 

1 -T1JI2 l+CTTSl-TMUt.T l 
IFCT1.GT.TMULT l OPENT•ARTUt.TJ <CTTS1-Tl l 

C CALCULATE UOtU~ OF DISPOSAL AND BACKFILL 
VTDST• Ct.1JVTEXC+VTBOX+ <U-U80)( lJOPENT l/1,1 
VBFT•<V-UBOXlJOPENT 
T2•TI .. EOP-CTTS1+T1 
P ll't2•P INSAR 
N•,.+HSEGS/NSEGSA 
t.L•L+1 

C CHECK IF THE NEXT SEGMENT IS INVOLVED 
IFCT2.t.E.e . l QO TO 1588 

C CHECK FOR EHD OF REACH 
1318 IF<Lt.GT .HSEGSA l GO TO 1518 

TSEGL •ACN,<45 l 
V2 •ACH,51 l 
VIOX2 •A CN ,5<4 l 
AR •A CN, Bl 

~~t~ =~~~~(~~R 
BIH2•Pitta-e.e5 
IFCB1N2.t.T.e, l BIN2•8, 

C CHECK IF I'IORE SEGI'IENTS INVOLVED 
IFCT2.LE.CTTS2l GO TO 1411 
Lt.•LL+1 
T2•T2-CTTS2 
H•N+HSEGS/ HSEQSA 
VTDST•VTDST+V2JTSEGL 
VIFT•UIFT+CV2·VIOX2liTSEQL 
PIN2•1IH2+t.t2JCTTS2 
IF'CPIH2.QT .t. l PIN2•1. 
OPEHT•OPENT+TSEQt. 
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e526&e eete 
152678 0eee 
t5268e eeee 
t526Sit 8811 
IS27t8 ene 
1&2718 eeee 
852728 eeee 
852730 e0e8 
852748 0000 
852758 eee0 
852768 eeee 
852779 0eee 
052788 eee8 
e527SI8 eee8 
052880 eee8 
052818 eeee 
052820 0eee 
052830 eee0 
852840 ee0e 
052850 eeee 
052860 00ee 
052870 0080 
052880 0000 
0522;0 ee0e 
052;ee eeee 
es2Site eee0 
e52SI20 eeee 
e52SI3e 0000 
es2SI4e 0eee 
e52SI5e 8eee 
052•6e eee8 
0525178 eee8 
852SI8e eee8 
052;519 eee8 
053088 08ee 
e530te e888 
053028 eeee 
053838 e00e 
853048 eee8 
853e5e 0e0e 
853068 8008 
es3e7e 8088 
eS3088 8000 
0538518 eee8 
8531tt 000e 
e53118 000e 
853121 e00e 
e53130 eee0 
8531<48 eeee 
853158 e0ee 
853168 8108 
t63170 eeee 
853188 Ute 
e531Sit eee1 
863218 .... 
053218 tHe 
163228 eeee 
863238 etel 



COSTUN Listing (Cc1nlinued) 

---------
ao To 13tt 05324t eeee 

~~·· T"ULTI•C1.-IIN2lll.t2 063260 8088 
C CO~PUTE LENGTH UITHOUT IACK~ILL IN T~E LAST SEGMENT 0~ OPEN !5533-2~7&! !!21

8 
IFCT2.LE.T~ULT2l OPENT2•ARTU21T21<BIN2+0.011T2l ~ v ~v~ 
IFCT2.QT.T~ULT2l OPEHT2•ARTU21<11N21T"ULT2+8.811T~ULT2JI2 153280 8080 

1 +TI·T"ULT2> 8532i0 0088 
C CO~PUTE VOLU~E 0~ DISPOSAL AND IACKFILL 853300 8000 

VTDST•VTDST+V210PENT2 053310 8088 
UIFT•VIFT+<U2·VI0~2>10PENT2 853320 8888 
OPENT•OPENT+OPENT2 053330 8810 

C MAXIMU~ VOLU"E IN LENGTH 'OPEN' 853340 8880 
1511 IF<VTDS.QT.UTDST> CO TO 1680 053350 8080 

VTDS•UTDST a53360 0180 
UBF•VIFT 053370 8800 
OPEN•OPENT 853380 aee0 

C CHECK IF LAST SEGMENT OF REACH 053390 8800 
1618 IF CL.GE.NSECSAl GO TO 2100 053400 0000 

IF<LL.CT.NSEGSAl GO TO 1708 053410 0000 
T1•T1+1. 053420 0000 
IF<T1.LT.CTTS1l GO TO 1200 053430 0000 
M•M+NSEGSINSECSA 053440 8800 
co To 11e8 053450 ee00 

c ------------------------------------------------------------------ es3~&e eeee C COMPUTE THE TOTAL VOLUME OF EXCAVATION AND BO~ IN A REAC" 853470 0000 
17te ~~·M+l 053480 0eee 

oo 2088 J·M~.N 853490 8000 
TSEGL•A<J,45> 853508 8000 
v•A<J.51> 853518 0000 
VBO~•ACJ 54) 853520 0008 
VTEXC•VTt~C+VlTSEGL 853538 8008 

2118 VTBO~•VTIOX+VBOXITSEGL 853548 8000 
2118 VDS•VTDSIVTEXC 853550 0000 

SHAFT<NSHAFT,9>•SHAFT<HSHAFT,g>+VTDS 853568 0000 
C BACKFILL VOLUME 853570 8000 

VBACDS•VBF/1,1/CVTEXC-VTIOXl 053580 0000 
VBACEX•0,g9g-VBACDS 853590 8000 

C STORE VALUES IH ARRAV 053600 8080 
TRDATA<I,16>•0PEH 053610 0000 
TRDATACI,21>•VDS 053620 8800 
TRDATA<I,22>•VBACEX 853630 8000 
TRDATA<I,23l•VBACDS 053640 8000 

1010 CONTINUE 053650 0000 
c ------------------------------------------------------------------ es3s&e eeee C CALCULATE VOLU"E ~RO" TUNNEL SEG"ENT 053670 eeee 

DO 200 N•1,NTS 053680 8000 
HREACH•A<H,4> e5J6g0 eeee 
NSHA~T•TRDATACNREACH,1> 053708 0000 
NTSTVP•A<N 16> 053710 0808 
IF<NTSTVP.t0.31 QO TO 288 053720 0081 
V•ACH,S11 853730 0881 
TSEQL•A<N,451 853748 8088 
SHAFTCNSHAFT,9l•SHAFT<HSHAFT,g)+UITSEGL 853750 eeet 

218 CONTINUE 053760 0088 
c ------------------------------------------------------------------ 853778 , ••• C CALCULATE VOLU"E FROM SHA~T SEG"EHT 053788 1018 

DO 301 N•1,NSS 0S37ge 0810 
NSHAFT•B<N,1> 863808 0800 
NSSTVP•ICN,1Sl 053818 tilt 
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COSTUN Listing (Continued) 

-------- ---
IFCHSITVP.£0,3> CO TO 311 853828 ee8e 
~;~~~:If~ 35 , es3838 a8ee 
S~FTCHSH~FT,e>•SHAFT C NSHAFT,e >+V•SSE~L =~~~~= :::: 

3tt CONTINUE 853868 la080 
e ------------------------------------------------------------------ esJs~e eeee 

c c 
e 
c 
c 
c 

c 
c 

c 

c 
c 
c 

c 

RETURN 853888 eeee 
END t538ie e0ee 
SUIROUTIHE ~UCKLDCA,I,CNP,SHAFT,TRDATA,NTS"AX,NSSMAX,NPMAX,hSMAX, 053ge0 0000 

1HTR .. AX ) 053ges 
------------------------------------------------------------------ es3i11 eeee ------------------------------------------------------------------ es3gae ee9e CALCULATES REQUIRED ~UCK LOADihG RATES IN EACH SEC~ENT AND 053930 0000 
"AXI"U~ RATE IN EACH REACH OR SHAFT BASED ON ULTI"ATE ADUAHCE RATE 053g~0 0000 
------------------------------------------------------------------ es3;se eeee 
------------------------------------------------------------------ esJg6e eeee CO,.MOH /IASIC/ HSS NTS 053g70 0000 
DI .. ENSION A C HTS~A~.~8>,8CHSSM~X.~3 l .CNP<NP~AX,2 l .SHAFT CNSMAX,23 l . 05Jg8e 0000 

1 TRD~TACNTR~AX,23l 053gge 0000 
------------------------------------------------------------------ es~eee 00ee MUCK LOADING RATE IN TUHHEL SEG~ENTS AND MAXIMU~ RATE IN REACH 05~010 0000 
DO 400 HREACH•1,NTR~AX 05~020 0000 
IFCTRDATACNREACH,1l.LT . -10.E2g) GO TO ~00 05~030 0000 

05~0~e eeee 
e5~es0 0000 
e5~0&e e0ee 
e5~070 0000 
05~ea0 00ee 
05~090 0000 

HOURS•TRDATACNREACH,8) 
NRSEG1•TROATACHREACH,Sl 
HSEGS•TRDATACHREACH.b) 
NSEGSA•IABSCHSEGS l 
R"LMAX•0 e5~100 eee0 

05~ue e0e0 
DO 300 I•1.NSEGSA 05~120 0000 
N•SEQUEHCE NU"BER OF TUNNEL SEG,.ENT 05~130 0000 
IFCNSEGS.GT.8 > N•HRSEGl+I-1 05~1~0 0000 
IF<NSEGS.LT.0 l N•HRSEG1-I+1 05~150 0000 
HTST~P•ACN,16 l 054160 0000 
IF CNTST~P.EQ.3> GO TO 3&0 054170 0000 
~EX•ACH,7> 054180 0008 
v•AC H s1 , 05~190 00ee 
ARTuLt•A<H.~9 > 05~200 00ee 
CALCULATE ~UCK LOADING RATE 054210 e00e 
IFCME~.EQ.ll GO TO 200 054220 0000 
~Slr~·~~=ARTULT/HOURS =~:~~= :::: 

200 IFC5.1HOURS/ARTULT.GE.2l RML•S.IV 05~250 0000 
IFCS.IHOURS/ARTULT.LT.2.) R~L•2.tVIARTULT/HOURS :;:~~= :::: 

2&8 IF C R"LMAX.LT.R~L > RML"A~•RML 054280 0000 
A<Nt48 >•R"L e5~ege 0000 

c Jet COH INUE 05~Jee 0000 
368 TRDATACHREACH,7l•RML .. AX 05~310 0000 
o4t8 COMTINUE 05~328 0000 

c ------------------------------------------------------------------ es~33e eeee C ~UCK LOADING RATE IH SHAFT SEG~EHTS AND "A~I..U~ RATE IN SHAFTS 05~3~0 eeee 
DO Itt NSHAFT•l,NS"AX e54350 0808 
IFCSHAFTCNSHAFT,1 l. LE.-1e.Ea;> GO TO 800 ~:~~= :::: 

tS-4380 eeee c 
HOURS•SHAFTCNSHAFT,17l 
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COSTUN Li s ting (Continued) 

NISEQl•~FTCNIHAFT*ll 8&~3;1 •eee 
NIEGI•I~TCNSHAFT*4> 85~488 8888 

c 154418 0818 
R"~x·• 1&~4ae 0eee 

c t54~3e eeee 
DO 711 I•1LNSEQS 154448 0~08 
N•I-l+NSS£Q1 es~~5e 0aee 

C N•SEQUENCE NU~IER OF SHAFT SEQ~EHT 85~~61 teet 
C CHECK FOR CUT ~ND COVER OR DU""V SHAFT - NO R"L CO~PUTED f5~478 eeee 

~EX•I<N 7> e5~~ae eeee 
IFc"Ex.fo.e> Go TO 111 e5~~g0 eeee 
U•I<H 38> 05~&0e teee 
ARSULt•JCN 3; 1 054510 8888 
IFCft£x.Eo.1> co To 6tt e5~520 ee0e 
R~L•3.JVIARSULT/HOURS 85~538 8888 
Go To 65e 854540 0eee 

611 IFC5.1HOURS/ARSULT.GE.12.> R~L•5.lV/6, 854550 8800 
IFCS.*HOURS/ARSULT .LT.12.) R~L•2.*VIARSULT/HOURS 054560 0800 

&58 IFCR"LMAX.LT.R~ll RML"AX•R~l 05~570 0800 
t<Nt37>•R"L 05~580 eee0 

7et CON INUE 8S~sge eeee 
c 85~600 ee0e 

751 SHAFTCNSHAFT,18 l •RML~AX 854610 8800 
818 CONTINUE 05~620 8800 

e ------------------------------------------------------------------ es~&3a eeee RETURN 05~640 8000 
END 054650 8800 
SUIROUTINE AIRLOK C A,I,CHP,SHAFT,TRDATA,CU"SL*HTS~AX,NS~AX,NP~AX, 854660 8800 

lNSMAX,NTRMAX l 054665 
c ------------------------------------------------------------------ es~s?e eeee c ------------------------------------------------------------------ es4sse eeee C THIS SUIROUTINE DETERMINES THE LOCATIONS OF AIR LOCKS AND COOLING 854690 8000 
C PLANT IN A REACH AND CO"PUTES THE COOLING AND VENTILATION 854708 8000 
C REQUIREMENTS OF TUNNEL SEGMENTS AND "AXI"U~ REQUIREMENT IN A REACH 854710 8800 
c ------------------------------------------------------------------ e547Ce eeee 
c ------------------------------------------------------------------ es•?Je eeee COM~OH /BASIC/ NSS NTS 054740 8880 

DIMENSION ACNTS~AX,i8 > tt<NSS"AX,43 l ,CNP C NP~AX,al,SHAFTCNS"AX,23 l, 154750 8880 
l TRDATACHTRMAX,23 l ,CU"~LCNP"AX > 85~760 0880 

c ------------------------------------------------------------------ es~77e eeee DO 280 J•l,NTR"AX 054780 8800 
IF CTRDATA<Jtl >.LT.t > CO TO a8e 8547ge 8980 
ISHAPE•TRDA ACJ ,3> 854880 0888 
IF CISHAPE.EQ,I l GO TO 280 054810 0eee 

C INITIALIZATION 0S~8at eeee 
NRSEGl•TRDATACJtS > 05~830 0888 
NSEGS•TRDATA CJ,til 854840 0888 
NSHAFT•TRDATACJ,1 > tS4859 0800 
DTC•e. t5486t ee0e 
QT•e. e54S?e 0eee 
AIRTE"•S~AFT<NSHAFT,11 > t54888 0888 
NSEQ6A•IAJSCNSEOS> t548;e eeet 
KOOL•e es4;e8 eeee 
DTCA•e. es4;1e eeee 
CAUT•e. e54g2e eeee 
~·• e54g3e etee 
Hl•l es4g4e eeee 
HPIS•SH~T C NSHAFT*3> 854gse tete 

(Cont inued) 
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COSTUN Listing (ContinlJCd) 

-------------------------
HH•I~T(NS~FT,I> es•;&e eeee 
H~~t0~~E.E0.1l SFA•t.786 ts•;?e 8811 

FC IH~E.E0.2> SFA•t.l83 16•gae 8811 
IFCISH~£.[0.3 > SFA•t.42S t6•;se eete 

C DETER~IME TH£ STATION OF THE FARTHEST 155118 eeee 
C IE~EHT IN A REACH POINT OF CO~PRESSED AIR =~~=~= :::: 

¥~c=t£Ss~t~~~~s~o To 11 15583• •••• 
C I • SEQUENCE MU"IER OF SEG~ENT tSSt•e 1108 

I•NRSE01+M-1 es5ese eeee 
NPFEND•A<I,l> t66t6e eeee co To ae e5sa7e eeee 

11 I•NRSEG1-N+1 esseae 0008 
NPFEND•ACI 2 l 065080 0008 

21 "STAI•A(I,~l l =~~i~: :::: 
I~~~~r:i~N~~f , co To se =~~i3: :::: 
DTCA•DTCA+TSEQL 055148 0008 
CU"FCA•CU~SLCNPFEND > 055150 0000 

St CONTINUE 055168 0080 
c ------------------------------------------------------------------ e&517t eeee C DETERMINE THE LOCATION OF AIR LOCK FOR A SEQ~ENT IN COMPRESSED AIR 055188 0088 

¥~ t~:Ess:t~~i~5~o To ,. =~~i~: :::: 
I•NRSEG1+N-1 055218 8888 
NPFEND•A CI,J > 055220 0088 
NPREND•A <I,2 > essa3e ee8e 
NPS•A <IL17 > 055248 0888 co To 6~ 05S25t eee8 

61 I•HRSEG1-N+1 055268 eee8 
NPFEND•A CI,2 > 055278 0888 
NPREND•A <It3> 055288 8088 
NPS•ACI 18 , 055288 0888 

65 IE•A<I.~s> es5Jee eeee 
PH•ACI,S? > 855318 1008 
TS£QL•ACI,4S > 865328 eeee 
D"•ACI 46> 855338 eeee 
RTEMP•ACI,12 ) 055J•e e0ee 
MSTAI•ACI,Jl ) 055358 8008 
IFCMSTA8.NE.l > QO TO 85 055368 eeee 
PERM•A CI,25 > 055378 8088 
Dli•SQRTC18.&AIS CPERM >l 055388 eeee 
IF<D1t.tE.8.ees > Dlt•e.ees 855390 eeee 

c ------------------------------------------------------------------ ess~ee teee "•M+l es541t eeee 
C COMPUTE VENTILATION QUAMTITV FOR THE SEGMENT IN CO~PRESSED AIR 855428 eeee 

CAV•C28.S+lt.IA~OQ18CD1t l lrSFAliEll2 855438 8100 
C CHECK THE FIRST CO"PRESSED AIR SEG~ENT 855440 9800 

IFC".NE.1> GO TO ?t 856458 ttee 
C CHECK IF COOLINQ PLANT FOR FIRST AIR LOCK TO BE ~OUED FROM 85S•6e eeee 
C SHAFT TO AIOVE THE LOCK tS6470 9801 

IF<A8SCCU"FCA-CUMSLCNPISl>+HH.LE.12tlt •• AND.DTC,QT.t.l QO TO 75 855480 8tlt co To 11 ess4;e eeee 
C CHECK SEPARATION IETWEEN TUO COMPRESSED AIR SEQMENTS 856&10 8ttt 

71 1FCAIS C CU"SLCM·1l·C~SLCNPAEND>>.QT.Sttt •• AND. e
8
s
65
S
5
5

2
1! 8

8
!!! 

1 AISCCUMFCA·CU~SL C HPREND>>.OT.2t8t. l GO TO 71 • ... 
C CHECK THE STATIONI~Q OF THE SEQMENT END POIHT TO DETER"INE THE t66531 etee 

(Continued) 
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COSTUN Listir1g (Contitlued) 

~~---

C POSITION THE ~IR LOCK 165;~8 0000 
tOCK•I~ISCNPLOCK> ~56558 0008 
IF<~~SCCU~SLCNPFEMD>-CU~SLCLOCK> > +DTMLOK.tE.18980. l GO TO 80 065560 0eae 
IFCA SCCU"FCA-CU"SLCLOCK>>+DTHLOK.LE.l20t0.) GO TO 88 0SS57e 0808 

C STORE THE HEAT EXCHANGE AN~ CO"PRESSED AIR QUANTITIES WITHIN 055588 00~8 
C CO~PR£SSED AIR SEG~ENTS. 055590 0000 

11 Na•N-1 055600 eeee 
DO 72 NM•N1,N2 055610 eeee 
II•NASEG1+tNH-1llNSEQS/HSEGSA 055620 0880 
ACII,35 >•CAUT 055630 eeae 

72 ACII,37 l•QT 0556~0 0eee 
N1•N 055660 000e 
cAVT•e. 855660 e0e0 
KOOL•1 056670 0000 

C KOOL • INDICATOR FOR THE LOCATION OF COOLING PLANT 055680 0880 
oT•e. 055690 eeee 

C SET UP THE LOCK 055700 0800 
75 NPLOCK•NPREND 055710 0000 

g(~~~~~i~~~~~~(~~Pt~~~~~~S~~(I~PBS >> :§~~5: ==~~ 
C COMPUTE THE LENGTH OF PIPE FOR COOLING IN COMPqESSED AIR SEGMENT 0557~0 8000 

80 IFCKOOL.EQ.0l PU"PLT•5280,JD"+HH 055750 0000 
IF <KOOL.EQ.1 l PU~PLT•5280.JD~-DLOCK+DTHLOK 055760 0000 

C NPLOCK • NEGATIVE IF COOLING PLANT OF FIRST ~IR LOCK "OVED FRO" 055770 9900 
C SHAFT TO TOP OF LOCK 055780 0000 

IF CKOOL.EQ. 1.AND.~.EQ.1.AND.DTC.GT.0. ) HPLOCK•-NPLOCK 055790 0000 
C COMPUTE THE QUANTITV OF COOLED AIR REQUIRED IN COMPRESSED AIR 055800 0000 
C SEC~ENT 855810 0000 

Q•CAVtC7~.88+8.031lPUMPLTl+SQRTCCAV>tPUMPLT 055820 0000 
1 t(8.23+0.8~54J CRTE~P-8S. ll+23;.tPU"PLT 055830 0000 
IF CCAV.QT .CAVT> CAVT•CAV 055840 0000 
"•NPFEND 855850 0000 
GO TO ge 055860 0000 

c ------------------------------------------------------------------ esss?e eeee C COMPUTE QUANTIT~ OF COOLED AIR REQUIRED IN FREE AIR SE~ENT 855880 8000 
85 IF CKOOL.E0.1l D~•DM-DLOCK/5280. 055890 0000 

Q•SFAlBEll21<150.1PH /C AIRTE~+460. l+0.03l5280.t0~+5~.JAIRTEM 055900 0000 
1 -4888.>+5280.lD"ISQRTCSFAlBE&12llC0.35JRTE~P-29. >+2.~10"15280. 055910 0000 

90 IF'CQ.l.E.e. l GO TO g5 055,20 0000 
DTC•DTC+TSEGL 055930 8000 
IFCQ.QT.QTl QT•O 0559~0 8000 

C STORE THE LOCK POSITION AND HEAT E~CHANGE QUANTITV 055950 0000 
95 A<I,JB >•O 055960 e000 

C ~~ic~6~H~pt~i~ SEG"ENT IN A REACH =~~~~= :::: 
IF CN.NE.NSEQSA> GO TO 100 essgg0 0080 
DO gg HH•N1,N 056800 8000 
II•HRSEG1+CNN-1)JHSEQS/NSECSA 056810 0080 
ACII,35l•CAVT 056821 eeee 

;; A<IIt37>•0T 056830 00ee 
tee coNT HUE 0sse~0 eeee 

TRDATA<J,14l•DTCA 056858 e0ee 
TRDATACJ,1Sl•DTC 856868 eeee 

211 CONTINUE 856878 0eee 
RETURN e56eae 8t0e 
END 0sse;e eeee 
SUBROUTINE CALC$ <~.I.CHP,SHAFT,TRD~TA,NTS~AX,HSSMA~.NPMA~.NS~A~. 156188 8108 
1NTR~~~l 1&6185 
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c c 
c 
c 

c c 
c 

c 
c 
c 
c 

c 

c 

c 

c 
c 

COSTUN Listing (Contintled) 

-----------------------------~----------------------------------- G6&11t eeee THIS SUIAOUTIN£ OUTPUTS CALCULATED TUNNEL AND SHAFT DATA 056121 0100 
------------------------------------------------------------------ e&&lle eeee 
------------------------------------------------------------------ 15&141 eeee CO""ON IIASICI NSS,NTS 056150 0888 
C~ON IAI LOLLI,P~tOM,LISTC48>,TITLE C 168 l, STAIEG,ITVPE 856168 0888 
CO""ONIFI IEAMOR IS OP 056178 0888 
DI~HSIOH A C NTS~AX,68 > ,1 C NSSMAX,43 l,CNP <NPr.AX,2 l ,SMAFTCNS"A~.23 > , 856188 8888 

1 TRDATACHTRMAX,23) 8561i8 0888 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 056281 0ee8 REFER TO COMMENT ON DOUBLE PRECIS!ON LITER~LS IN SUBROUTINE 4 , 056211 ~eee 
DOUBLE PRECISION TNOHE,AIRPRS,DEUATR,QRDINJ,SU~P.STAIIL 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 056231 0eee DATA THONE/' NONE 'ILAIRPRSI'AIRPRS 'I,DE~ATRI'DEWATR 'I , 056240 0080 
1QRDINJI ' CRDINJ 'I ,SUM~I' SUMP 'I 056250 0088 
------------------------------------------------------------------ es&c&e eeee 056270 e8e8 
OUTPUT CALCULATED TUNNEL DATA 056280 0088 

0562~9 00ee 
ITYPE•l 056380 0889 
NLINES•40 056310 0800 
IPR•e 056320 eeee 
N•SEGMENT SEQUENCE HUMBER 056330 0880 
DO 100 H•1,HTS 056340 0800 
NL1HES•NLINES+1 056350 0800 
IF<LIST C4>.E0.1l GO TO 18 056360 8890 
IF<NLINES.LT.49> GO TO 18 056370 8800 
NLIHES•e 056380 0890 
~RITE C L0,3008 l 0563ge 8890 
~RITE < L0,3118 l 056~00 0890 

11 NREACH•ACN,~ > 056410 0800 
NPL•ACN,2> 856~20 eeee 
HPR•ACN,3) 056430 0808 
HTSEG•A<NL1l 056~48 0880 
IE• A<H,3w> 056~59 0880 
NTSTVP•ACN 16l 056~60 0890 
1F<NTSTYP.f0.3> GO TO 48 056479 0800 
------------------------------------------------------------------ ess~se eeee ISHAPE•TRDATACNREACH,3 l 056~g9 0089 
~TM•TRDATA C NREACH,4> 056509 0088 

~~r~~~:~~~~~7~o TO 20 =~~~~= :::: 
CHECK FOR "AXI"U~ SLOPE FOR TRAIN 956538 9080 
IF<ABSCHSLOPEl.LE.0.05 > QO TO 39 0565~8 0008 
URITECL01 1820l NTSEG,HREACH 856559 0888 
HLIHES•N~INES +1 856560 0008 
I ERROR•1 156578 teet 
ao To 3e e5658e e0e8 

21 IF<~T~.HE.1> co TO 38 t565ge 1110 
------------------------------------------------------------------ esssee eeee CHECK FOR TUHNEL CROUN HIGH ENOUQH TO HANDLE A TRUCK 856610 1910 
IF<ISHAPE.LE.2.AND.IE.LT.16. l GO TO 25 =~==~ :::: IF<ISHAPE.£Q.3.AHD.BE.LT.30.l CO TO 25 

856648 0910 QO TO 30 056661 Nil 
85 WRITE<L01 1021> NTSEQ,NREACH 066660 etlt 

HLIHES•N~INES +1 856671 Nil 
IERROR•1 

3t COHTII'tUE 856681 teet 
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COSTUN Listing (Continued) 

c ------------------------------------------------------------------ esss;e eeee C CHECK FOR TOO STEEP A SLOPE FOR MUCK HAUL IV TRUCK OR CONVEYOR aS&7ee 00ae 
lFCAIS<HSLOPE>.LE.e.a&> 00 TC 32 05671e eea0 
~RITE<L01 1t23> HTSEG.NREACH 156720 eete 
HLIHES•N~INES+1 156730 0818 
lERROR•1 156740 0880 

c ------------------------------------------------------------------ es&?se eeee C CHECK SOFT GROUND TUNNEL FOR ALL TRUCK IN CO~PRESSED AIR SEQ"ENTS 156760 8818 
32 IF<HTSTVP.EO.t> GO TO 48 856778 8888 

~STAI•A<NL31> a5&780 8818 
"usT•A<H.~a> 8567;e eeee 
IF<"STAJ.NE.t> oo TO •• t568t8 0eee 
IF<"UST.LT.3.0R.MT".HE.l> GO TO 35 856810 8818 
IERROR•1 056820 0100 
URITE<L01 1825> NTSEG.HREACH 056830 8000 
NLIHES•H~IH£5+1 056840 0100 

35 CONTINUE 856850 1800 
IF<"UST.LT.3.ANO.MT~.EQ.1) YRITECL0,1038> HTSEQ,HREACH 056868 0000 
IF<"UST.LT.3.AHO.MT~.£Q,1> RTM•4 856870 9000 
TRDATA<NREACH,4>•MT" 856880 0000 

48 CONTINUE 8568i0 0000 
IF<LIST<4>.E0.1> GO TO 70 856i00 8000 

c ------------------------------------------------------------------ es&91e eeee C CONVERT NODAL POINT STATIONING TO INTEGER VALUES 856i28 0008 
STA•CNP<NPL1 1> 056930 9008 
ISTA•STA/18~. 0569~8 0000 
ISTA2•STA-ISTAlltt 8S6i50 9000 
ITENS•ISTA2111. 856968 0000 
IHUNS•ISTA2-ITENSl11 856970 8008 
IHUNS•IAIS<IHUNS> t56i80 8000 
ICTTS•A<N,St> 856ii0 0000 
LSEGL•A<N,4S> 857088 8008 
IPR"L•TRDATA<NREACH,7> 857010 8000 
IFL•A<N,Si> 857020 8100 
IPH•ACN,57) 857038 8000 
BOB•A<N,42> 857040 8800 
ARTULT•A<N.~i) 857050 8808 
TL•A<N 11>a12. 857060 ee0e 
IFT•TR6ATA<NREACH.2> 857071 8900 
AR•A<H.a> 857080 ee0e 

c ------------------------------------------------------------------ es1ege eeee C E~CAVATED VOLU~ES 857100 0190 
St VSOIL•t.t 057110 0890 

VROCK•t.t 057120 8ttt 

~F~~~§~~.EO.l> VROCK•V =~~~~= :::: 
IF<NTSTVP.EQ.2) VSOIL•V 057151 8818 
IF<HTSTVP.LT.3> QO TO 68 857169 0899 

C CUT AND COUER 857170 0898 
DTRHCH•ACHLS2> 057180 0tet 
NPLS•A<H,1-f) 8571i0 1089 
NPRS•A<H,18l t6728t eeet 
SIDESL•ACN 63> 157218 8088 

C CO"PUTE THt DEPTH OF ROCK 157221 eeee 
ELROCK•ACN 27> 857238 eeee 
ELSURF•I.6lCCNP<HPLS,2l+CHPCHPAS,2>> 1572~1 1888 
DROCK•ELSURF-ELROCK 867251 8811 

C CO"PUTE THE E~CAUATED VOLU"E IF CUT IS EHTIRELV IN SOIL 8672&1 8111 
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~gi~:,iE+DTRNCHaSIDESL>•DTRNCH/27. 15727' ee0e 
lF<DROCK.QE.DTRNCHl 00 TO 6e t5?28t 8889 

C CO"PUTE THE EXCAVATED VOLU"E IF CUT 8572;9 8089 UROCK•IEaCDTRNCH-DROCKl/27 , IS IN PART SOIL-P~RT ROCK 05?399 00e9 
VSOIL•CIE+DROCKISIDESL>*DROCK/27. =~~5~: :::: 

&I IVTR•UROCK 05?331 8881 
IVTS•USOIL 85?3~9 eeee 

c ------------------------------------------------------------------ es7Jse eeee IFCNTSTVP.EQ.1l 00 TO 71 05?369 0089 
ISUPPT•ACNL26l 05?3?8 0090 
OA~~·ACN,~2> 057380 ea00 
PER"•AISCA<N{25l> 9573g9 0090 
IFLOUL•ACN,6 > 057~90 0990 

¥~~~~~T~~~t~~~> GO TO 65 =~~:~: :::: 
c ------------------------------------------------------------------ 057430 eeee C SOFT QROUND TUNNEL 057~~0 0000 

AIRPR•ACH,33l 057~50 0000 
"STAB•ACH 31) 85?460 0000 
IFC~STAt.to.e> STAIIL•TNONE 057~?0 0008 
IFCMSTAJ.EQ.1l STAJIL•AIRPAS 057~80 0000 
IFC~STAJ,£0.2 ) STAIIL•DEWATR 0574;0 0900 
IFC~STAJ.EQ.J) STAIIL•CRDINJ 057500 8800 co To 71 857510 eeee 

c ------------------------------------------------------------------ es1s2e eeee C CUT AND COVER 057530 0800 
65 VL •A CN,SS> 0575~0 e0ee 

SIDESL•A<N153) 0575Se 0800 
~ELlS•A<N1b8> es15se eeee 
DSLURV•I.~ t57570 eeee 
SPDLT•I.I t57589 8000 
STAIIL•TNONE 8575g0 e000 
IFCIFLOUL.CT.e> STAIIL•SU~P t57600 0080 
IF<IFLOUL.QT.e.AHD.UELLS.CT.e.e> STABIL•DEUATR 057618 8800 
OPEN•TRDATA<HAEACH 16 l 057620 eee0 
VIACE~·TRDATACHREACH,a2> f57630 eee0 
VIACDS•TRDATACNREACH.23l 057640 0880 
U•ACH,51 ) 05?650 0800 
UIO~•A<N,54l 057668 0880 
IACKFL• CVBACE~+VIACDS>JCV-VB0~>11.1 057670 eeee 

C CHECK IF SEG"EHT IH SAME REACH t57680 0801 
71 IF<IPA.EQ.NREACH> GO TO 85 t576;e 0880 

c ------------------------------------------------------------------ es77te eeee C CALCULATE COHSTRUCTION TI"E FOR THE REACH CCTRl 857710 0eee 
NSECS•TRDATACNREACH,&l 857728 0888 
NSEGSA•IAISCHSEQSl 057?3t 908t 
HOURS•TRDATACNREACHL8> t5?74t teet 
g~~~~::DATACNREACH,w > :;~~f: :::: 
ALOCK•t.e 857778 eeee 
ICTR•t t577Bt eeee 
MEXP•e es11;e eeee 
SETUSH•t 1 167888 tete 
SETUP"•e'e 867818 tete 
SETUPR•e:e 167821 tell 
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TI~Du·•·• 857830 0eee 
TI~CA•t.e 0578~e eeee 
L•l 857860 0000 
DO 131 I•1,NSEQSA 857860 aee0 
NH•N+I-1 857870 eee0 
CTTS•A CNNLSI > 657880 0000 
"'M•A<NN 7> 857ag0 88t0 

712 IF <,.EX.Gt . &> GO TO 705 957g0e 0000 
C SOFT ~ROUND OR ROCK TUNNEL 857910 0000 

CALL SETUPCMEx0~EXP,SETUSH,SETUP~,SETUPR, I TVPE l 857920 0000 
IFCI.EQ.1 > NPL CK•A CNNt36 l 857930 0800 
IF CACNH 36 l.EQ.t l GO 0 738 857g~0 0000 

C CALCULATt NU~IER OF AIR LOCK SETUPS 957g59 0000 
IF CALOCK.LT. 1. > GO TO 713 057960 0000 
IF CACNH

6
36 l. EQ.NPLOCK l GO TO 738 057970 0000 

ALOCK•AL CK+8.25 057980 8000 
GO TO 10~ 0579g0 0000 

783 ALOCK•l. 058000 0000 
70~ NPLOCK•A CNN ,36 l 058010 0000 

GO TO 738 058020 0e0e 
c ------------------------------------------------------------------ esseJe eeee C CUT AND COVER 0580~0 0000 

7es ELWATR •A C NN,l~ > 058050 ee0e 
D10•A <HH, 19 > 058060 eee0 
IUATER•A CNNL23 l 858070 0000 
ELI~P•A < NNL~~ ~ 058080 0000 
PER"•A C NN,~5> 058090 0000 
FLOUL•A <NN,61 ) 058100 0000 
NPLS•A CNH,17) 058110 0000 
NPRS•ACNN,18 > 058120 0000 
DTRNCH•A CNN,52 l 058130 0008 
ELROCK•A CNN,27 > 0581~0 0000 
ELHPLS•CNPCNPLS,2 > 058150 0000 
ELHPRS•CNP CNPRS 2> 058160 0000 

C CALULATE THE EXfRA CURING TIME FOR CIP CONCRETE 058170 0000 
IF CL.LT.e > GO TO 708 058188 0000 
M,.•HN 058190 0000 
IF<HSEGS.GT.0 l MM•H+NSEGSA·I 058280 0000 
LIHING•ACMM 18 l ~58210 e~~0 
IFCLIHING.EQ.ll GO TO 707 e58220 0ee0 
CTR•CTR+CTTS 058230 0000 
Go TO 708 0582~0 00ee 

787 TIMECR•30.-CTR 058250 0800 
IF<TI .. ECR.LT.0. l TIMECR•8. 058260 8088 
t•-1 058270 0000 

718 IFCD10.tE.0.085.0R.IWATER.EQ.0) GO TO 730 058280 0000 
IF CPER".GT.0.0.AND.D10.GT.0.88 > CO TO 709 058298 8000 
IF C PER~.tT.8.0.AND.ABS<PER" ) .GT.0.8086l CO TO 789 ts8388 88t8 
TIMEDW•3e. 858310 8810 
co To 738 858328 e8te 

789 ELSURF•8.SI<ELNPLS+EtHPRS> 858338 8818 
DWATER•ELSURF-ELUATR 8583~1 8818 
DRAUDN•DTRNCH-DWATER 858350 8888 
DROCK•ELSURF-ELROCK 868368 8888 
PER~•ABS<PER"l 158370 8818 
IF<DROCK.tT.DTRNCH.AND.ISUPPT.EQ.S) GO TO 738 868388 8818 

C CHECK IF WATER TAILE IELOU lASE OF CUT 068398 8808 
IFCDRAUDN.LE.t. > GO TO 73t 868488 8tet 
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DI"P•ELSUR~-ELIMP-DTRNCH 05841~ 00&& 
C CHECK IF IMPERVIOUS LAVER AIOVE lASE 0~ CUT Q ww 

IFCDI~P.CE.e.t> QO TO 711 °5842a eeee 
DR~YDH•ELW~TR-ELI~P =~=:~: :::: 
DIMP•t.t 858458 eeee 

711 HEADU•-7.1CALOC18 CPERMl+1. l 858460 0000 
C CHECK IF VACUUM HEAD CREATER THAN 21 FEET 858470 0080 

IFCHEADU.CT.21. l HEADU•21.8 858488 eeee 
C CHECK IF U~CUU~ HEAD LESS THAN e FEET 0584~8 0000 

IFCHEADV.LT.t.t l HEADV•e.e 858500 0000 
HEAD•DRAUDN+HEADV+DI"P 058510 0080 
PIPED•t.SIFLOYL11t.4 858520 eeee 

C MINIMUM PIPE SIZE 058538 0000 
IF' CPIPEO. U .1. l PIPED•L 058549 0009 

c DRAuoo~H TI"E 058559 ee0e 
EXPT•2.510RAUONIALOC10 C 240.1 C HEAD-SQRT C HEADlOIMP ll/PIPEO l/( ,RA~DN 058569 0009 

1+HEADVl/C0.73+0.27t<ORAUDN+HEADVl/ HEAO l-5.0 058570 0000 
TIMET•0.002671PIP£0112110.l1EXPT/ PERMI ORAUDH 058580 0000 

C CHECK FOR MAXIMUM SEGMENT DEWATERING TIME IN REACH 058590 0000 
IF<TIMEDU.tT.TIMETl TIMEOW•TIMET 058600 0000 

730 ICTR•ICTR+CTTS 058610 0000 
ICTR•ICTR+14.1S£TUSH+28.1SETUPM+7.1SETUPR+l4.1AtOCK 058620 0000 

c ------------------------------------------------------------------ esssJe eeet C CHECK F'OR CUT AND COVER REACH 058640 0000 
HTSTYP•ACN ,16 l 058650 0000 
IFCNTSTYP.EQ. J l CO TO 740 058660 0000 
TRDATA <NREACH,10 l •SETUSH 058670 0000 
TROATA<NREACH,11 l •SETUP~ 058680 0000 
TRDATA<NREACH,12 l•SETUPR 058690 0000 
co To 750 058700 e0ee 

740 ICTR•ICTR+78. / 0AVS+TIMECR+TI"EDU 058?1e 0000 
TRDATA CNREACH,14 l •TIMEDU 058720 0000 

751 IFCLIST C4l .E0.1 l CO TO 180 058730 0000 
URITE CLO 2222 l 058740 0060 
NtiNES•HllNES+1 058750 0060 
IF<NTSTVP.EQ.1> CO TO 73 858766 0030 
PERM•ABS<A<H,2S >> 058?76 0068 
GA"MA•ACN,22 l 058780 0000 
IFLOUt•A<N,61 l 858790 0000 

73 coNTINuE 058860 eeee 
c ------------------------------------------------------------------ esss1e ee0e IFCNTSTVP.EQ.3 ) CO TO 80 058820 0000 
C ROCK OR SOFT GROUND TUNNEt 658830 0000 

~RITE<L0{.3001 l NREACH,NTS£GLISTAfiTENSfiHUNS,LSECLLBFTtB£,808,AR, 0588~0 0000 
lARTULTfT ,IVTS,IVTR ,IF't,I~H,IC TS,IC R,tPRML,MOU~S,ORYS 058850 000

0
0 

IF<NTS VP.EQ.1 l CO TO 108 058868 000 
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COSTUN List i n g (Continued) 

---------- ----
------------------------------------------------------------------ esaa?e eeee SOFT ~ROUND TUNNEL 058888 0088 
tFC"STAI.NE.1> QO TO ?S eS88i8 0088 
AIR LOCK NODAL POINTS 0S8i01 8188 

~;~2g~p~~~t~~~.1) =~=g~: :::: 
ISTA•STA/111. 8S8i38 8088 
ISTA2•STA-ISTAalll 0S8i~0 0080 
ITENS•ISTA2/1t. es8gse eeee 
IHUNS•ISTA2-ITEHSl18 058960 0888 
IHUNS•IAISCIHUNSl 0S8i?0 0008 
UAITE<L0,3882l ISTA,ITENS,IHUNS,STAINO,STABIL,AIRPR,l~~OUL.GAMMA, 058988 0008 

1 PER,. t589ie eeee 
NLlNES•NllNES+1 859800 0888 
~o To 1e0 059810 eee0 
AIR PRESSURE NOT USED 059820 0eee 

75 URITE<L01 2002> STABNO,STABIL,IFLOUl,GAMMA,PER" 059030 0000 
NLINES•NLINES+1 0598~0 0000 
Go To 100 0S9e5e 0000 
------------------------------------------------------------------ esgese eeee CUT AND COVER 059070 eeee 

88 UR1TE<L0,380~> NREACH,NTSEG1 ISTA,lTENS,IHUNS,lSEGL,AA,ARTULT,lUTS, 059080 0000 
1 IUTR,IPH,ICTTS,ICTR1 HOURS,~AVS 059890 0800 

IF<ISUPPT.EQ.S ) SPDLT•A<N,38 > 059~80 8880 
I~<ISUPPT.EQ.6) DSLURV•ACN 38 > 059110 0880 
UAITE<LOL310S> STAIHOLSTAB1L,IFlOWL,GAMMA,PER"•UL ,BE,SIDESl, 059120 0880 
1DSLURV,S~DlT~BACKFL,O~EH 059130 0800 
NLINES•NLINE5+l 0591~0 3880 
GO To 1ee 0591Se 0eee 
------------------------------------------------------------------ esg1se eeee THIS SEGMENT IN SAME REACH AS PREVIOUS SEGMENT e59~7e eee0 

IS IFCLISTt• >.E0.1> GO TO 188 eSi480 eeee 

~~~~~~~~t¥~~=;1 =~~i:: :::: 
------------------------------------------------------------------ es;a1e eeee IF<HTSTVP.EQ.Jl GO TO 95 059228 0888 
ROCK OR SOFT GROUND TUNNEL 859238 eeee 
URITE<L0,381l > NTSEG,ISTA~ITEHS,IHUNS,tSEGL,BFT,BE,B08,AR,AATULT, 0592•e eeee 
1TL,IVTS~•UTR,IFL1 IPH6IcTT~ 959258 0088 
IF<NTSTvP.EQ.1) ~0 T 189 0592Se 0808 
------------------------------------------------------------------ es921e eeee SOFT GROUND TUNNEL 859288 eee8 
IFCMSTAB.NE.l> GO TO 98 859298 8088 
AIR LOCK NODAL POINTS 8S9Jet teet 
HPlOCK•A<H 36> &5i316 a~ee 
ST~•CHPCNP(OCK,1l a5i32t teet 
ISTA•STA/110. 8Si331 tete 
ISTA2•STA-ISTA&180 esgJ•e tete 
ITEHS•ISTA2/l8. 859358 8018 
IHUNS•lSTA2-ITENSa11 86;368 ttee 
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- - --~- ---- --
IHUHt•t•IICIHUNSl 868378 eeea 
WRITtCL0,3tl2> lST.,ITENS,IHUNS,STAIMO,STAIIL,AlAPR,IFLOUL,CA~MA, tSi38Q eeea 
1~~£1•NLlN£5+1 Q683i0 eeee 

GO TO 1.. 968410 eeee 
C •tR ,RESSURE NOT USED =~~!~: :::: 

81 WRITECL01 21ta> STAINO,STAIIL,IFLOUL,CA~MA,PERM tSi43Q eeee 
NLINES•NLIN£5+1 8Sg449 eeee 
Go TO 111 es;•se 8eee 

c ------------------------------------------------------------------ e&g46e eeea c· CUT AND COVER 86g47a 0080 
g& URITE CL0tll14 l NTSEC, ISTA,ITENS,IHUNS,LSEGL,AR,ARTULT,IVTS,IUTR, es;4St 1080 

ti~H ICTT~ esg4g0 0eee 
IF CISUPPT.EQ,S l SPDLT•ACN,38 > 65i680 0080 
IF CISUPPT.EQ.6 l DStURV•ACN 38 > esgs16 0000 
URITECLOLJI15 l STABHO,STABfL,IFLOUL,GA"~A,PER",VL ,BE,SIDESL, esgsae 0000 
1DSLURV,S~DLT1BACKFL esg539 0080 
HLIHES•HLINE~+l 0SiS40 0006 

tee IPR•NREACH 9sgsse e0ee 
IF<LIST<4>. EQ.0 > URITE <L0, 2222 l esgsse 0006 

c ------------------------------------------------------------------ es;s7e eeee c 0s;ss6 eeee 
C OUTPUT CALCULATED SHAFT DATA esgsge 0066 c es;s0e eeee 

IF CLIST<S >,£Q,1 l CO TO 311 esg616 0006 
tPS•e es;sae eeee 
tTVPE•2 es;&Je 0eee 
NLIH£5•41 9s;s4e ee0e 
oo 2ee N•l,HSS es;sse eeee 
HLINES•NLIHES+l t5i666 0006 
IFCNLIHES.LT.4I l GO TO 112 tSi678 0080 
HLIN£5•1 1Si688 0088 
URITE<L0,2888 l 6Si6i0 0008 
URITECL0,2818> t5i788 0008 

112 HSHAFT•ICHLll t5i718 0068 
HSSEG•I < N#~ ) 859728 0008 
JE•BCH,2; > 859738 eeee 
10. • (.. 32 > es;74e eeee 
ARSUtT~' c N 3i l 6597se eeee 
IPR"L•SHAFt(NSHAFT,lt l 659768 8800 
ICTSS•J <N 41> 0Si778 8008 
IADS•SHAFf cNSHAFT,; >t8.08883 659788 eeee 
LSEGL•I<H,3S > 8sg?ge eeee 
HPB•I<N 4> 0sgsee eeee 
IELHPI•6HP<NPB,2 > 859818 eeee 
~~==~~·~\>*12. :~~~~= :::: 
MPORT•§HAFT tNSHAFT,23 l =~~~~= :::: NSSTVP•ICN,1S l 

c ------------------------------------------------------------------ esvsse eeee 
C EXCAVATED VOLUMES =~~~~= :::: 

VROCK•e.e 85ga;e eeee 
vsott•e.e es;gee eeee 
U•ICNL38 > esg;1e eeee 
IF C NS~TVP.EQ.ll UROCIC•V es;g2e 0081 
IF<NSSTVP.EQ.2) USOIL•V esg;3e eeee 
~~~==~=g~~ es;;..e eeee 
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c ------------------------------------------------------------------ ~s;gse eaee IFCHSSTYP.EQ.ll QO TO 111 0SSISI60 0008 
a~""A•J<H 11> 0sg;?0 e00e 
PER"•AIS<6<N#23>> ~SSISI80 0000 
IF C HSSTYP. EO. 3 > QO TO 118 0SSI9SI0 0000 

C SOFT QROUHD SHAFT 068000 0008 
AIRPR•ICH#27> 060010 0080 
IFLOUL•ICH,~2> 068029 0008 
STA8HO•ICHL2~) 060030 0008 

~~r~~=~~~g~~) STAIIt.•TNONE =~==~= :::: 
lFC~STAI.EQ.1) STABIL•AIRPRS 060860 0008 
IF<MSTAJ.EQ.2) STABit.•DEUATR 068070 0000 
IFCMSTAJ.EQ.3) STABIL•GRDINJ 068080 0800 

c ------------------------------------------------------------------ e6eege eeee C CHECK IF SEG~ENT IN SA~E SHAFT AS PREVIOUS SEGMENT 060100 0000 
111 IF<IPS.£Q.NSHAFT> GO TO 160 060110 0000 

C CONVERT STATIONING OF SHAFT TO INTEGER VALUES 060120 0000 
NPTS•SHAFTCNSHAFT,2> 060130 0090 
NPBS•SHAFTCNSHAFT,3> 0601~0 0000 
STA•CNPCHPBS,1> 060150 0000 
ISTA•STA/100. 060160 0900 
ISTA2•STA-ISTAl10t 060170 0000 
ITEHS•ISTA2/10. 060180 0000 
IHUHS•ISTA2•ITENSJ10 060190 0000 
IHUHS•IABS<IHUHS> 060200 0000 
BFS•SHAFT<NSHAFT,7> 060210 0000 

c ------------------------------------------------------------------ e&eaae eeee C CHECK FOR PORTAL 069230 0000 
IFCHPORT.£0.0) GO TO 112 0602•0 0000 
URITE<t0,2200> NSHAFT,lSTA.ITENS,IHUHS,IELNPB.IADS 060250 0000 
GO TO 288 860260 0000 

c ------------------------------------------------------------------ ese210 eeee C CHECK FOR DUMMV SHAFT 060280 0000 
112 ISHAPS•SHAFTCNSHAFTt16> 060290 0000 

IFCISHAPS.GT.0> GO 0 115 060300 0000 
~RlTECL0 12100l HSHAFT,ISTA,ITEHS,IHUNS,IELNPB#IADS 060310 0000 
GO To 2ev 060320 0000 

c ------------------------------------------------------------------ 0&eJJ0 eeee C CALCULATE CONSTRUCTION TI~E FOR THE SHAFT <CTSl 0603~0 0000 
115 HSEGS•SHAFTCNSHAFT,~l 060350 0080 

rcTs•e 060360 0000 
~EXP•e 060370 0eee 
SETUSH•0.e 060380 0ee0 
SETUPM•0.0 060390 0000 
DO 120 I•1#NSEQS 068~00 0800 
HH•N+I-1 060~10 e0e0 
CTSS•8<HHL~0l 060.20 0000 
~EX•ICNN,7l 060~30 ee00 
HSSTVP•I<NN,1S> 060~~0 eeee 

C CHECK FOR SHAFT HOT CONSTRUCTED IN CUT AHD COVER 060~50 8001 
IF<HSSTVP.HE.J > CALL SETUPC~EX,MEXP,SETUSH.SETUPM.SETUPR.ITVPE> 060~68 0008 

121 ICTS•ICTS+CTSS 060~78 tilt 
ICTS•ICTS+1~.lSETUSH+28.JSETUP~ 861~88 00e1 

c ------------------------------------------------------------------ 1&14i8 •••• 131 URITE<L01 a2a2> e6esee 0e0e 
HLINES•HLINES+1 861610 8181 
HSS~P•ICH,1S l 161528 0 .. 1 
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---------
HOURS•SH~FTCNSHAFT,17 l 060531 0080 

¥~r~;~~~:~s~~~'~61'6 1s• =~=~:: :::: 
WRITECLOL2tt1l HSHAFT,NSSEG,ISTAtiTENS,IH~hSLIELHPI,LSEGL,BFS,IE, 160568 0000 
1101~ARtAMSULT,TL,IVSS,IVSR,lADS, CTSS,JCTS,I~R"L,HO~RS,DAVS 860570 0000 
IFc"ss vP.EQ.t > ~o TO ate ee0581 0000 

C ------------------------------------------------------------------ e60SDI 1111 C SOFT GROUND SHAFT 8606t0 8000 
IFC~STAI.NE.tl GO TO 141 860610 0000 

C . CO,.PRESSED AIR USED 060620 8000 
~RITECL01 20t3 l STAINO,STAill,AlRPR,IFLOUL,GA""A,PER" 060638 0000 
NLIHES•N~INES+1 860648 0008 
Go To aee 060658 0000 

C NO COMPRESSED AIR 060660 0000 
148 URITECL01 2802 l STABNO,STABIL,IFLOW~.GA"~A.PERM 060670 0000 

NLINES•NLINES+1 060680 0000 
GO To 200 060690 e0ee 

c ------------------------------------------------------------------ 0se1ee eeee C CUT AND COVER 060710 0000 
160 URITE<LOL2004 ) NSHAFT,NSSEG,ISTA,ITENS,IHUNS,IElNP8,LSEGl,BFS,Tl, 060?20 0000 

liADS HOU~S.OA¥5 060?30 0000 
URITfct0{200S l GAMMA,PERM 060?40 0000 
HLIHES•N INES+l 060?50 0000 

· GO TO 200 060?60 0000 
c ------------------------------------------------------------------ ese77e eeee C THIS SEGMENT I~ SAME SHAFT AS PREVIOUS SEGMENT 060780 0000 

161 URlTECl0(21Stl 060?90 0000 
HliNES•N INES+1 068800 0000 
IF<NSSTVP.EQ,J ) GO TO 170 060810 0000 
URITE<L0~2t11 ) HSSEG,IElNPB,LSEGl,BFS,BE,IOB,AR,ARSULT,TL,IVSS, 060820 0000 

liUSR ICT~S 060830 0000 
IFCNSST¥P.EQ.1) GO TO 210 060840 0000 

c ------------------------------------------------------------------ esease eeee C SOFT GROUND SHAFT 060860 0008 
IF<~STAI.~E.1) GO TO 165 068870 0080 

C CO~PRESSED AIR USED 060880 0800 
WRITECL01 2tt3l STAINO,STAIIl,AIRPR,IFlOWL,GA""A,PER~ 060890 0000 
NliHES•HLIN£5+1 860;00 000e 
co TO ae0 060910 0000 

C NO CO"PRESSED AIR &60;c0 0000 
165 URITECL01 2t02l STAINO,STABIL,IFLOWL,GA""A,PER" 060930 0000 

NliNES·N~INES+l 060;40 0000 
GO TO 2tt 060950 0000 

c ------------------------------------------------------------------ ese;se eeee C CUT AND COVER 0609?0 0000 
170 YRITECl0,2012l NSSEG,IElNPB,LSEGL,BFS,Tl =~=~8: :::: 

URITECL01 2805l GA""A,PER" 961008 tete 
NLINES•N~I~ES+1 861 ~18 aa~~ 211 IPS•HSHAFT "" .,..,.,., 
URITECL0,2222) 061028 0080 

c ------------------------------------------------------------------ es1e3e eeee 3ft IFCIERROR.EQ.tl RETUR~ 861040 0098 
C FATAl ERRORS DETECTED WHICH ~AV "AKE COST CALCUlATIONS 861=~= :::: 
C MEAHINQlESS. TERMINATE RUN AHD GO TO NE~T SVSTEM DATA DECK =~ie1e 0008 URITEClOL1822l 061080 eete 

~:~bR~EK~ETClO,LI> e&te;e eeee 

e ------------------------------------------------------------------ es1111 •••• 
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c 961110 ea0e 
c •••*~••••••••••••••••••••••••••••••t•••••••******************••••• ~61120 00ee 1111 FOR~T( /t35H FATAL £ARORt HAUL SLOPE IN SEQMENT,I6,iH IN REACH, ~61130 8600 

l I& •aH XCEEDS S PERCEN ••TOO STEEP FOR A TRA1N ) 0611~0 eeee 
1121 FORAAT </L ' FATAL ERROR( EXCAVATED DIMENSION IN SEGMEHT ' ,I6, ' I~ a61150 8890 
11881'~=~~(3~~~x61ft~~~H=~~/~1~~~ · AE~=~8~ig~E"~~~f~ g~T~2N~~j2~~fiHE =~ii~: :::: 

1 CALCS ou~ T ERRORS • / tx,1eec1H1 >> 061180 ee10 
1123 FOR~TC / ' FATAL ERROR, ~t6PE OF SEGMENT ' ,IS ' IN REACH ' ,IS 8611i0 t810 

1 1 EXCEE6S 2& PERCENT --TOO STEEP FOR ~UCK T~ANSPORT ~ETHOD§ CO~ e61200 8800 
esiDERED' > 061210 e0ee 

1t2S FORMAT( / , ' FATAL ERROR,_ ALL TRUCK ~UCK TRANSPORT IS SPECIFIED IN 061220 0800 
1 SEG"EHT' ,IS, ' IN REACH ', IS, ' IN UHICH CO~PRESSED AIR IS USED 'l 061238 0000 

1t3t FOR~AT</' 1111 RE~INDER 1111 USE OF COMPRESSED AIR IN SECMEHT ' L 0612~0 0000 
1I51 ' IH REACH ' ,ISt ' REQUIRES USE OF COHUEVOR-TRUCK TRANSPORT "tT 061250 0000 
2HOu RATHER '/20X, ' HAN INPUT "ETHOD' l 061260 0000 

aete1~~~~~i~;~1~~~~~~; ' §EG ~T=T~O~ UEtEe ~TEL~NG~HHI~H~Ff D~"~H~I~HS;•, =~i~~= :::: 
21ADUANCE ~ATESII LINING IEXCAV VOLUMEI SIZE OF CONSTRUCTION RMt- 0612g0 0000 
3 HOURS DAYS't12X1 ' ALONG BOTTOM CFT > FINISH EXCAV EXCAU AVE~ 061300 0000 
~AGE UNIFORM THI~K SOIL ROCK DISPOSAL TI~E <DAVS J MAX PE~ 061310 0000 
S PER'/12X, ' TUNNEL OF SEG eFT> CFT> UtO. B. uSED 061320 0000 
6 <I N> <CY/ FT )I CVt FT> AREA SEC SHAFT CCV/ OAV UEEK 061330 0000 
7't12X ' ALIGN. ' 36X, '< FT/ DAV > <FT/ DAYl' 2~X. 'I ACRES l' ,16X ' HR >'> 0613~8 0000 

28t1 FOR~At < tX,I~,It,I&,1H+,2I1,I7,18,F7.2, 2F6.2,2F8.1,F9.2,2i7,2I8, 861358 9000 
12I6 2F6.1 > 061368 0000 

2te2 FORAATC21X,F5.1,2X,A6,6X,I9,1X,F11 . 1,ES.2 ) 061370 0000 
2 .. 3 FOR~AT C 21X FS.1,2X,A6,F6.1,!S,1X,F11. 1 Ei.2 > 861388 0000 
288~ FOR~AT C 1X,f~~IS,I6,1H+,2I1,I7,I8,F7.2,28X,F9.2,1~X.I8,28X,2F6.1 > 8613i0 0000 
288S FOA"AT CSSX,Fb.1,Ei.2 > 061~00 8008 
2818 FOR~AT C 33C2H--,2H )/ 21XL ' *IISTABILIZAT10NSII DEWATERING ISOIL 861~18 0000 

1 PROPERTIESI '/21X, 'NU~JER ~tTHOD AIRPR C GP~/UEtL) UNIT UT PER 861420 8000 
2~ 't3SX, ' <PSI )' ,16X 'C PCF l CCM/ SEC) 'I/) 061~30 8008 

2t11 FOR~AT C SX,I5,8X,2Ii,F7.2,2F6 . 2£2FS.l,F9.2,2I7,8X,I8 > 861~40 9000 
at12 FOR~ATCSX,l5,8X,218,F?.2,28X,F~.2 ) 861450 9000 
2158 FOR~ATClX) 861~60 0000 
2118 FORMAT C 1X,131 C 1H· l/1X,I~,SX,I6,1H+,2I1,I7,22X, ' THIS SHAFT IS A 861~70 0000 

1DU~MV ' ,22X,18 ) 061~80 0800 
2218 FOR~AT C 1X,131 C lH· )/lX,I~,5X,I6,1H+,211 , I7,22X , ' THIS SHAFT IS A 8614g0 0000 

1PORTAL' ,21X IS > 061500 8000 
2222 FORMAT C 1X,1~1C1H· l) 061510 0080 
Jtee FOR~ATC1H1,~1 < 1HI ) , ' C ALC UtA TED T UN N EL 0 AT A ' 861520 eeee 

1 1~S C 1Ht )// , ' REACH SEG STATION SLOPE JTUHHEL DIMENSIONSt IIADVAH 861530 0000 
2~E RATESIS LINING IEXCAV UOLU~EI PU~P PUMP CONSTRUCTION R"L- 0615•0 88t0 
3HOURS DAVS ' /12X, ' AT LEFT LENGTH FINISH EXCAV EXCAV AVERAGE UNIF 061550 8088 
40RM THICK S01L ROCK FLOW HEIGHT TI~E CDAVS> "AX PER P 061560 8688 
SER'/l2X,'OF SEC <FT > CFT > <FT > U/O.B. USED 1 <I 061570 8008 
6N) <CVt FT >< CV/ FT> RATE CFT> SEG REACH <CVt DAV UEEK 't~8X 061580 0888 
7f'<FT> <FTtDAV> CFT/DAY) ' 25)( '< GPM )' 22X, ' HR >'> 8615gl 0188 

311t13o1R6M2ATC1Xti~,IS,I6,lH+,2I1,16,2~7.2,F6.i,FB.t,Fg.1,Fi.2,2I7,I8,I7, 861688 0118 
L F6.1J 161618 e1e0 

3tt2 FOR~ATC11X 16 1H+ 2I1,F7.1,2><,A6,F6.t,I; 1X,F11.1 E9.2 ) 061&28 1081 
38141F20FR6MATC1><,f~.i&,I6,1H+,2Il,I6,2tX,F8.1,F6.1,9X,2I+,ax,I7,2I6,&X, 161631 1188 

.1 > 161648 e0e0 
3tti FOR~ATC21X,F6.1,2X.~6L&x,tg,1X,F11.1,E;.2,F8.1,F8.2,F6.2,2F7.1, 861658 1888 

tFa.e.T1t~. ' • F .e T1~2.' , > 1616&8 ee11 
3t1t FOR"AT C 33<~H--,,H )/12XL ' AIRLOCK IIISTAIILIZATIONIII DEUATER 161&78 ttee 

1IHQ ISOit PROPERT1ESI COHCNETE ICUT AND COVER SEQMENT PROPERTIESI 161681 8801 

(Continued) 
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COSTUN Listing (C1>ntint10d) 

-- - ---
I ~E~H'/12~.'STATIOH HUMIE~ METHOD AIRPR C CPMI~ELL > UNIT WT 0616i0 e0ee 
3 PER" lOX lASE SIDE ISUPORT LENGTHl IACK~L OPEN '1 1i!X 061700 eeee 
~·tQ TUM',l7.,'CPSI> SUMPCGPMIFT > <PCF) CCMISEC > VO~UME wi6TH 061718 8000 
&SLOPE SLURRY DECKED VOLUME LENQTH ' I72X, 'C CYIFT > CFT > ~ 0617ae 8000 
IALL SOLDIER CCYIFT> CFT )'II) 061730 8800 

3111 FOR"ATC&X,IS,I6,1H+,2I1,I6,i!F?.a,F&.2
6
F8.1,Fi.1,FV.i!L2I7ti8,I7,I6 > 0617~0 8008 

311~ FOR~AT<SX,IS I6,1H+,2Il Ii 28X,F .1,F .1 iX 217 8~ 17 16 ) 061750 8000 
311& FORMAT<21X,F~.1,2X,A6,6K,I6,1X,F11.1.E;.~,F6.1,f8.~,F~.2,2F?.1, 061768 0tt8 

1Ft.e T11~. · ' > 861770 ee00 
c ••••*••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 861780 ee0e c t617V8 ee00 
c 061800 0000 

RETURN 061885 
END 061818 e0ee 
SUIROUTIHE SETUP<~E~,MEXP,SETUSH,SETUPM,SETUPR,ITVPE l 061820 8080 

c ------------------------------------------------------------------ es1s3e eeee C THIS SUBROUTINE COMPUTES THE NU"BER OF SETUP FOR SHIElD, MOLE, 0618~8 0000 
C AND RIPPER E~CAVATION 061850 0000 
c ------------------------------------------------------------------ 161866 0009 IF<ITVPE.EO.a> GO TO 500 061870 0000 
C TUNNEL 061880 0000 

IrC~EX.LE.t.OR."EX.QE.>i' l•£10 680 8618i0 0008 
IFCME~.LT.3 l QO TO 188 061980 0880 

C SHIELD SETUP 061910 eeee 
IF<SETUSH.GE.1 •• AND.<ME~P.LT.J.OR.~EXP.GE.6 >) SETUSH•SETUSH+9.25 061V2e 0080 
IrCSETUSH.lT.1. l SETUSH•1. 061gJ0 0000 

118 Ir<~EX.GT.J > GO TO~~~ 8619•0 0080 
c ------------------------------------------------------------------ es1gse eeee C MOLE SETUP 061i60 0000 

Ir CSETUPM.GE.1. > GO TO 150 061979 008e 
C FIRST ~OLE SETUP 861V88 eeee 

SETUP"•1. 861ii0 0880 
co To see 162800 ee00 

151 IF<"EXP.EQ.2.0R."EXP.EQ.3 > GO TO 281 0S2818 8008 
C RESETUP 862820 0880 

SETUP"•SETUP"+e.as 062030 0008 
co TO &ee e620~0 0010 

C CHANCE CUTTER 862058 0008 
281 IF<"EXP.NE.MEX l SETUP"•SETUP~+8.12S 862060 0808 

Go To see 862078 eee0 
C RIPPER SETUP 0S2088 0800 

481 IFC"EX.EO.~ > GO TO see 062096 0008 
C RESETUP 862180 8000 

IFC"E~P.NE.S.AND.SETUPR.G£.1. ) SETUPR•SETUPR+8.2S 062118 eeee 
IFCSETUPR.LT.1.) SETUPR•1. 0S2128 0008 
co TO see 862130 0eee 

c ------------------------------------------------------------------ es21~e eeee C SHAFT 062168 8018 
see IF<"Ex.LT.2> co To see 06216e eeee 

C SHIELD SETUP 8S2170 eee0 
IFCMEX.CE.J.AND.SETUSH.LT.1.) SETUSH•1. 86218e &110 
IF<"EX.EQ.~) GO TO &ee esz1;e eeee 
Ir<SETUP".LT.1.> QO TO SSe 8866~~11 ! !fe8

8! C CHANCE CUTTER ~~ w w • 
IF<"E~.Eo.e.AND.MEXP.EO.J> SETUPM•SETUP"+e.l2S e62228 8eet 
co To &It es2210 e0ee 

C FIRST SETUP 8622~8 eeet 
551 IETUP"•1. e622St eeee 

(Continued) 
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c 
c 

c 

c 
c 
c 

c 

c 

COSTL~ List: i ng (Continued) 

&tt ~E~P·~tx 062260 0000 
R£TUAN ~62e10 0eee 
tNn 862280 eeee 
SUIROUTINE COSTTUCA,CNP,SHAFT,TRDATA,CU~SL,NTSMA~,NPMAX,NS~A~, 862ai0 aeee 

lN~~~~~UH~~~~~6Ts ALL OF T~E TUNNEL COSTS AHn OUTPUTS THE~ 862308 =~iii5 
------------------------------------------------------------------ e6231e eeee CO""ON lA/ L01 LltPMLO"tLISTC~8ltTITLEC160l,STAIEG,ITVPE 862338 8008 
CO~"ON/GI TUNLC, UN~C UNMC,TUN C 8623-48 0000 
Dl"EHSIOH ILC12l IEC1~l,lMC12l,CFC3> 862358 0000 
DIMENSION ACNTSAAX,68l 1 CNP<NP"AX,2>,5HAFTCNSMAX,23l, 862360 8080 

1 TRDATACNTR"AX,23l,CU"SL<NP"AXl 862370 8008 
------------------------------------------------------------------ e&23&e eeee INTEGER SLCPF SECPF S"CPF,TLC,TEC T"C 8623i0 0800 
INTEGER TCEStTCEfTCM(fTCMT,TC"H,TC~D,TCTS,TCL,TC;u, 862~00 0000 

1 TCG, CP, CAC SCPF, TSC 862-410 0800 
INTEGER RCL RCE,RC",~CT 062.20 0000 
INTEGER TUN{C,TUNEC,TUNMC,TUNTC 862-430 0000 
------------------------------------------------------------------ es2~~e eeee CALCULATE TUNNEL COSTS A REACH AT A iiME 062~50 0000 
ITVPE•1 062~60 0000 

TUHLC•8 
TUNEC•t 
TUHI'IC•0 
TUNTC•t 

DO i58 HREACH•l,HTR"AX 
IF<TADATA<NREACHL1l.LT.-10.E29l 
NSHAFT•TROATACHR~ACH,ll 
BF•TRDATA<NREACH 2> 
ISHAPE•TRDATACNAtACH,Jl 
~TM•TRDATACNAEACH,~ l 
NRSEG1•TRDATA<NREACH,5l 
HSEGS•TROATA<HREACH,6> 
R~LMAX•TRDATACNAEACH,7l 
HOURS •TRDATA CNREACHLS> 
DAVS •TRDATACNREACH,~> 
SETUSH•TRDATA<NREACH,10l 
SETUP~·TRDATACNREACH,11) 
SETUPR•TRDATACNREACH,12> 
DTCA •TRDATA<NREACH,1-4 l 
OTC •TADATACNREACH,l5 l 
IF<ISHAPE.EQ.ll SFA•0.785 
IF<ISHAPE.EQ.ll SFP•3.1-4 
IF<ISHAPE.EQ.2l SFA•0.8i3 
IF<ISHA~E.EQ.2l SFP•3.57 
IFCISHAPE.EQ.3l SFA•8.~25 
IF<ISHAPE.EQ.3l SFP•2.66 

HIOX •TRDATA<HREACH 10> 
BFIYOT •TRDATACHREA6Ht1l l 
BFIHT •TRDATA<NREACH,l2l 
II0~2 •TADATA<NREACH,13 l 
TI"EDW•TRDATA<HREACH,l-4l 
OPEN •TRDATA<NREACH,16l 

GO TO 950 

(Continued) 
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062•10 eeee 
062-486 eeee 
062-4ge 0000 
062500 0000 
862510 eee0 
862520 ee0e 
062530 eee0 
0625-40 0000 
062558 eeee 
062560 0000 
062570 0000 
062580 ee0e 
8625g0 0000 
062600 0000 
062610 0000 
062620 0000 
062630 0000 
0626~0 0000 
062650 0000 
062660 0000 
062670 0000 
a626B0 0000 
0626510 0000 
062700 e000 
062710 e000 
06272e e0ee 
06273e 0eee 
K274e 0eee 
062758 eeee 
062768 eeee 
862778 eeee 
062780 eeee 
e&27ie eeee 
e6280e eeee 
ts281e eeee 



c 

c c 

c 

c 

c 
c 

c 
c 
c 

c 

c c 
c 
c 
c 

COSTUN Listing (Continued) 

VDS •TRDATA<NREACHt2ll 062828 0008 
VIACE~•TADATA<NREA~H,22l 062838 0000 
VIACDS•TRDATA<NREACH,23l 062848 eeee 

NPts•SH~FT<NSHAFTL3> =~~=~= :::: 
DDS•SHAFTCHSH~FT.~l 062878 0008 
CDS•SHAFT<NSHAFT,6l 062888 0000 

~~[~~:~I~~~~~t6s~ =~~g:: :::: 
------------------------------------------------------------------ esag1e eeee DETER~INE NU"IER OF SHIFTS IN A UORK DAY 062;28 0008 
SHIFTS•1. e6a;Je eeee 
IF<HOURS.GE.12.l SHIFTS•2, 062940 eeee 
IFCHOURS.GE.21. l SHIFTS•J, 062950 0000 
CALCULATE COST FACTORS FOR LENGTH OF UORK WEEK 062i60 0000 
IFCHOURS/SHIFTS.LE.8. l CFLUUK•C6.08+0.1921CDAVS-~. >••2 062970 0000 

1 +t.38~1SHlFTSliSHIFTS/HOURS 062;80 0000 
IFCHOURS/SHIFTS.GT.8. l CFLUUK•C0,76+0.02~1CDAVS-~. lll2 062990 0000 

1 +8.0~8tSHIFTSliC1.S-~.ISHIFTS/HOURSl 063000 0000 
CFEUUK•C3.?5+38,/HOURSl/DAVS 063010 0000 
------------------------------------------------------------------ 063920 eeee ALOCK•l.e 063030 0000 
cttHD•0. 063040 eee0 
uc~CP•e. 063050 0000 
IF<ISHAPE.EQ.e.OR.DTCA.EQ.0.l GO TO 5 063060 0000 
CALCUlATE COST OF INSTALLATION OF CONVEYOR IN FREE AIR FOR 063070 0000 
CONVEVOR+TRUCK TRANSPORT, AND COST OF CO"PRESSED AIR PIPING 063080 0090 
CALl CVINFA<A,CHP,CUMSL,HH,NPBS,NSEGS,RML"AX,DTCA,NRSEG1, 063990 0000 

1 CliHD,UC~CP,NTS"AX,NP"AXl 063100 eee0 
------------------------------------------------------------------ 063110 eeee CALCUlATE NU~IER OF AIR lOCK lOCATIONS AND LENGTH OF LOCK 063120 0080 
CALL LOCKLT<A,NSEGS,R~L~AX,MT".ALOCK,ALOCKL,NTS"AX.NRS£G1) 063130 8000 
------------------------------------------------------------------ 063140 eeee s RL•e.e 063150 ee00 
DO 10 IJ•1 NSEGSA 063160 0000 
IF<HSEGS.Gt.0> I•NRSEG1+IJ-1 063170 0800 
IFCNSEGS.LT.e> I•NRSEG1-IJ+1 063180 0000 
TSEGL•A!I 1~5) 0631!il0 0000 

11 Rt•Rl+TSE~L 063200 0000 
------------------------------------------------------------------ esJa1e eeee RCL•0. 063220 000e 
RC£•0. 063230 0eee 
RC"•e. 063240 0eee 
RCT•0. 063250 eeee 
NLINES•6e 063260 0000 

CALCULATE TUNNEL COSTS FOR EACH SEGMENT 

DO gee l5•1,NSEQSA 
I•SEQUENCE NUMIER OF TUNNEL SEQ"ENT 
I•NRSEG1+IS-1 

~~~H=~~s~Zf.0> ao To 11e 
I•NRSEQ1-IS+1 
NPS•A< I ,18 > 

11t NPL •A<I,2> 
NPR •ACI,J> 

(Continued) 
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063270 0eee 
063280 00ee 
0632510 00ee 
063380 e00e 
063310 ee00 
e63320 ee0e 
063330 eeee 
06334e eeee 
06J3Se eeee 
863360 eeee 
e63370 eeee 
e6J380 eeee 
esJJie eeee 



c 
c 
c 
c 

c 

c 
c 

c 

c 

-

COSI'UN Listing (Continued) 

ELNPL •CHPCNPt,2> 
ELN~ •CNP<NPR,2l 
ELAVC •t.Sl<ELNPl+EtNPR> 
RS•A<I Sl 
RQ%)•1111 ( L 6) 
1'1£)(•1111( 1,7) 
AR•AC I, > 

BE3"U ee0e 
e&3"1t eeee 
ee3"2" eeea 
eE3"Je teee 
963""0 eeee 
063"50 eeee 
e&3-t6t ee0e 
863-t?e eeee GI•ACI il 

THE UAhAilE FOR LINING TYPE IS CALLED L1CONE>N1CONEl~G IN THIS 063"80 0090 
-- -- -- 063-tge 000e 

SUBROUTINE TO AVOID CO"PUTER CONFUSION UITH THE CAL~ TO SUB LINING 063598 0098 
UHICH CO~PUTES liNING COSTS 063510 000e 
l1N1NG•ACI,10l 06352e 0090 
Tt •ACI,11l 063538 0000 
TSEG •A<I,11> 0635"0 0000 
NO~OR"•Aci,13 l 063550 0000 
ELUATR•A<I,l" l 063560 0000 
LINUT •A<I,lS> 063570 0000 

~~~~f~;e~~tA~i , GO TO 115 =~~~=~ :::: 
NPLS •A<I,17> e63600 0000 
NPRS •A <I,18l 063610 0000 
CALCULATE AVERAGE SURFACE ELEVATION 063620 0000 
ELNPLS•CNPcNPtS,2> 063630 0000 
EtHPRS•CNP<NPRs 2> &636"& A0eA 
ELSURF•t.S•<ELN~LS+EtNPRS l e6365e e0ee 
DEPTH OF TUNNEL 063660 0000 
DTUN•EtSURF-ELAVG 063670 9000 
CALCULATE DEPTH OF ROCK SUR~ACE 063680 0990 
EtROCIC •A <I 27 l 9636"'& 00"'"' 
DROCK•ELSURF-ELROCK 0637ee eeee 

(Continued) 
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063719 e00e 
963729 eeee 
e6373e 0e0e 
9637"9 ee0e 
063750 ee00 
963760 0090 
063770 0090 
063780 0000 
063799 00e9 
063899 e9ee 
063810 0000 
063820 0000 
063830 0000 
9638"0 0000 
063850 eeee 
063860 eee0 
063870 eeee 
063880 eeee 
e63&9e eeee 



e 

c 

c 

c 

c 

c c 

c 

c 

TI£Qt. •,_<1,45> 
D" .,_<I,•& l 
HSLO .. [•,_<I,47l 
lt"L •ACI,4Il 
v ·--( 1,51) 

TOTIOX•A<I, .. 3 l 
DTRrtCH•ACI,S2l 
SIDESL•AC1,S3 l 
UIOX •A C 1, 6 .. l 
UL •AC1,6S l 
FOR,.AR•ACI,S6l 

PH •A C 1,57 ) 
PIPL •A<I,SS> 
FLOW •AC I,SSI> 
CIR •ACI,60l 
FLOWL •A<I,61 > 

WEI •AC I, 62 > 
TPLATE•ACI,62 l 
WTWALE•A CI,63l 
WTSTRT•A CI,64l 
UTANCH•IH I c.6S l 
IJTSP • A <I ti6 l 
IJTSPD •AC 1.67 l 

COSTUN Listing (Continlled) 

t6Jgee eeee 
t63gte '"" t6J;ae eeee 
e6J;3e eeee 
t6Jg•e eeee 
t63;se eeee 
t63;6e eeee 
e6Jg7e eeee 
e6Jgae eeee 
e&J;ge eeee 
e6•ete eeee 
864018 •••• 
t6402t teet 
e&4eJe 00ee 
8640•e ee0e 
064050 eee0 
064068 eeee 
064078 0000 
864088 8te8 
6640;8 0ee8 
664188 eee0 
064118 eeee 
664126 ee00 
864136 ae00 
864146 0000 
064151 eee8 
664168 0000 
16 .. 178 0000 
164188 eee1 
1641;6 0000 
e6•2ee eee8 

~ELLS •A<I,68> 064218 0008 
SPDlT •ACI,38 l 064228 0008 
DSLURV•A <I,38 l 164238 0000 
PSOIL •A <I ,63 > t642•e 0000 
PUATER•A <I,64 l 064250 0008 
PTOTAt•A CI ,6Sl 16 .. 268 0080 
IUATER•ACI,23l 0642?0 0000 
------------------------------------------------------------------ e642Se eeee LAlOR COST rACTOR IN CO~PRESSED AIR 0642g8 1008 
CFLCA•AIRPRII2/4tt.+l.S 164388 0801 
1F CHTSTVP.ME.2.0R.AIRPR . LE.e. l CFLCA•l. 864318 8666 
COST FACTOR FOR TRAUEL TI~E TO THE FACE 664320 6608 
V•t.31SHirTSIC8.76+t.e2•*<DAVS-4. l&l2+8.1481SHIFTS l 864336 10f8 
IFCHOURS/SHIFTS.LT.8. l V•VIS.ICHOURS/SHIFTS+t.21DM-8. >/0M 8643"0 8100 
IFCV.LT.t. l V•l. 864350 6108 
IF<MTSTVP.EQ.J l V•0. 064360 8100 

Cl.ES•f. 
CEES•t. 
C"'ES•t. 
CLAC•f. 
CEAC•t. 
cr.Ac•e. 
Ir<HTSTVP.EQ.3 l CO TO 761 
1FC,.STAI.HE.1 l CO TO 768 
IF<IS.H£.1> QO TO 711 
DLOCIC•t. 

(Continued) 
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e6437t 8600 
164388 8011 
e64Jge 8Mt 
K44et eee0 
164 .. 10 0eee 
864421 '"' t6443t eeee 
064440 eee1 
e6HSI eeee 
M446t etee 
ts•47t nee 



COSTU~ Listing (Continu d) 

rtl'l.OCIC• AIS c A <I. 3& > > e6••se ee~0 
DTHLOK•HH 06••~0 8800 
PU~Pl.T•DTHl.OIC+D~1&28t. e6•see 0880 oo TO ?&t 06,.518 0000 

C CALCULATE LENGTH OF PIPING FOR CO"PRESSED AIR ~6 .. 528 0800 
?II IF< AISCACI,36 >>.EQ.NPLOCK > GO TO 728 06 .. 531 00~8 

HPLOCIC• AIS<A<I 36>> 06•&•8 08~8 
DTHLOIC•CNP<NPS ~ l-CNP C NPLOCK 2> 06 .. 551 teee 
DLOCIC•AIS<CU~S{ C HPLOCK > -CUMSL<NPBS >l 86 .. S6e 0801 

?21 PU~PLT•D~I5281.-DLOCK+DTHLOK 06 .. 570 0880 
IFCDLOCK.GT.8.ttl> HSFA•<CNP C HPISL2 l -CNP < NPLOCIC,2 )l/DLO~K 06•580 0060 
HSCA•CCHP<NPLOCK,2l-ELAVG)/ C D"I62~t.-DLOCK l 86 .. 598 0188 

c ------------------------------------------------------------------ es~see eeee C CALCULATE SETUP COST FOR TUNNEL SEG"ENT I 86 .. 610 0080 
151lc~tfs~~~t~~~=t~:~~te~K~~~~~6K~~t~~v~;~~~s:oM~~;~~~s~~+~~=x~~~~~:x l :;:~3: :::: 

c ------------------------------------------------------------------ es~s~e eeee C CALCULATE COST OF EXCAVATION IN TUNNEL SEC~ENT I 06 .. 650 8880 

1CALL COEXCC~~6I[7s~:iNa;~;~N~~tx6~~c:;s~~t~{~e=~~~5~6I~~VROCK,PHI, =~~~*: :::: 
2 DCENT,MOURS,¥,D~,MS AB,CF~CA,CFL~WK,C~EUUK,NTSTvP : 06 .. 680 0880 

c ------------------------------------------------------------------ es~sge eeee C CALCULATE COST OF MUCK LOADING IN TUNNEL SEGMENT I 06 .. 700 0000 
CALL CMUICLDICL~L.CE"L,C~~L,ITVPE,MEX,AR~DM,U,V,R~L,RML~AX, 06~710 0000 

1 MSTAI,CFLCA,CFLUWK,CFt.WI.JIC,MOURS l 06~720 8800 
c ------------------------------------------------------------------ es~?3e eeee C CALCULATE ~UCIC TRANSPORTATION AND HOISTING COSTS FOR 06•7•0 0000 
C TUNNEL SEC"ENT I 06 .. 750 8000 

1~;~~.S~~=~ti~~~~~~~[t~~~~A~~~~t8~~~'~;~~H~~t;~{;~~t~~u~~t0v.uct"H· ~~!~~= ::~: 5Hscos~i~~~kS~~~¥6~~8x~6~t~OK;~~~~~K~~F~c~;~~s:~T~~~~:~•=~c~:~=g~K > :~:~:: :::: 
c ------------------------------------------------------------------ es~see eeee C CALCULATE ~UCK DISPOSAL COST FOR TUNNEL SEC~ENT I 06 .. 810 0000 

CALL CMUICDPCCL"D,CE"D,C~"DtAR~V,CDS,DDS,VDS,NTSTVP,HOURS, 06~820 8000 
1 CFUJYIC, CFEUUIC, I VPt. > 06.830 0000 

c ------------------------------------------------------------------ es~s•e eeee C CALCULATE COST OF TUNNEL SUPPORTS FOR TUNNEL SEG~ENT I 06.850 eeee 
IFCL1N1NG.EQ .... AND.NTST¥P.EQ.1>CO TO 1g0e 
IFCL1N1NG.NE .... OR.MTSTVP.HE.l>GO TO 2000 

lift CALL ROCKCCl.TSLCETS,C~TS~QDf~EX,ISHAPE,BE,AR,RS,BE•0,BE6e, 
1ITVPE V,NST¥P,5F ISUPPT,r~LA E T~EG PSO!L,~EI,PTOTAL, 
2BOB,L~NUTL~STAB,CFLCA,HOURS,CFtUUK,CFEUUK,SFA,L1HlNG,D~. 
3CLLfCELLCnL,CL~U,CEFU,C"FUl Go o a~ee 

2ett CONTINUE 
CALL CTSUPCCLTS,CETS,C~TS,RQD,~EXtiSHAPEtBE,ARLRSfBE_.0,BE601 IT¥PE, 06 .. 860 0080 

~ ~§~:6Ht~~[~=;~bu~~~~~[w~~;~tfuu~;g§L~~~Lt6¥~~c~,Y~~~K~g~65~~uT. =~:~~= :::: 
3 YTSTR ,UTUA~E.SPD~T,UTSPu,WTSP,UTANCH, OTIO~,liRACE,SFA> ee .. sg0 8080 

c ------------------------------------------------------------------ es~see eeee C CALCULATE COST OF LINING AND FORMUORK IN TUNNEL SEGMENT I 06,.g1t eeee 
CALL LIHING1CCLL,CELVCML,CLFUiCEFU,CMFU~lTVPE,L1N1NGtRQD,~EX, 86 .. 928 8808 

i~gl~~:u~~~H:~~:~N~~6RA~=~!~¥;rv~:~~~t~~,~~f~;~f;~f~.M, =~!~~= :::: 
3FOR~"".HOUR~,CF~CA,CFLwUIC,CFEUI.JK> t&•;se eete 

2588 CONTINUE 
c ------------------------------------------------------------------ t~•;&e eeee 
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COSTU~ Listing (Continued) 

--------

C CALCULATE GROUTING COSTS ~OR TUNNEL SEQMENr I t6•i78 0008 
CALL CQROUf(CLG,CECLC"C,ITVPEtCILISHAPELBE{ARLRS,HTSTVP,MSTAB, es•;8e 0008 

1 DTUN,HH,HgURS,C~L~~~.CfE~UK,S~EQ ,P~RM,SFP,DTG,TIMEG> t6•;;e eeee 
c -·-----------·---------------------------------------------------- asseee eeee C CALCULATE COST OF PU~PihC ~OR TUNNEL SEGMENT I 965010 0008 

1CALL CPUM~[ia:f~~l68~~;~1~~~ti~t~~:~~~~~~:A~~;5f~~aHLDROCK,FLOWL, =~~=~= :::: 
a UrLLS,"L,TIMEuW,ISUPPT,ELWATR,ElNP8,4W~TER,~FtWWK,CFEWUK > 86Se•e 0000 

c ------------------------------------------------------------------ essese eeee C CALCULATE COST 0~ AIR CONDITIONING AND CO~PRESSED AIR FOR TUNNEL 065068 0000 
C SEC~ENT I 065070 00ee 

CALL CAIRC<CLAO,CEACLC~AC,QLQT,BELBFfAR1 HOURSfNTSTVP,MSTABtiTVPE, 065080 0008 
l AIRPR, S~A,ISHA~E,HHL~AU LALOCK,D C,DTCA,PUMPL ,D~, 865098 0000 
2 AtOCKL,UC~CP,CFLUWK,CF~WWK,uAVS,V,PERMl 065188 0008 

c ------------------------------------------------------------------ 866116 0009 c 065128 0000 
c 065139 0000 
c ------------------------------------------------------------------ 0651~9 0000 IF<tiST<6>.EQ.1) CO TO 818 065158 0089 

I~CNLINES+10.tT.60 > GO TO 810 065169 0089 
URITECL0,1800l eS5178 0000 
NLIHES•S 065180 0080 

c ------------------------------------------------------------------ esst9e eeee 0 ' CALCULATE COST FACTORS 065280 0080 
818 POP•(1.+0.81t0M)J(1,+8.81JP~l 065210 0000 

C CFC1l~CFC2l AND CF<3> ARE CO"POSITE COST FACTORS FORt, E, AHD M. 065220 0800 
C~L•SHAFTCNSHA~T,12l 065230 0888 
C~E•SHAFTCNSH~~T,13l 0652~0 0800 
C~M•SHAFTCNSHAFT,1~> 065250 0800 
RCF•SHAFTCNSH~FT£15> 065260 0000 
C~C1>•POPtCFttRC~ 065270 0880 
C~<2>•POPJCFEtRCF 065280 0800 
C~(3>•POPtcF~tRCF 065age ee0e 

c ------------------------------------------------------------------ essJee eeee C ~UtTIPt~ BV CO~POSITE COST FACTORS AND THEN OBTAIN SEGMENT 065310 0800 
C COSTS PER FOOT TO THE NEAREST DOLLAR 065320 0088 

It< 1 l•CtESJCFC1>+.S 065330 0000 
IE( 1l•CEEStCFC2l+.S 0653-40 8080 
IM( 1l•C"ESlCFC3>+.6 065350 0080 
It( 2l•CtE lCFCll+.S 065360 0008 
IE< 2>•CEE tCFC2>+.5 065370 0088 
IMC 2l•C"E tCF<3>+.5 865380 0008 
IL( 3 l•CtMtlCF<1 >+.5 065390 0088 
IE< J>•CE~tscF<2>+.s e65•e8 0000 
I~< 3>•C~MLlCF<J>+.S 065-410 0000 
It< ~ > •CtMTJCF<1 >+.5 865-420 0000 
IE< ~>·CEMTJC~(2 >+.5 065•3e 0000 
I~( ~ > •CMMTlCF<J l+.S 865••0 0008 
It< 5 l •CLMHtCFC1 l+.S 065.50 8000 
IEC Sl•CE"HlCF(2 >+. S 865~60 eeee 
I~c 6l•C~~H*CFC3l+.5 865.70 8808 
ILC 6l•CL"D¥CF(1l+.S =~~:~: :::: 
IE< 6>•CE"D*CF<2>+ .s esss8e 80ee 
IMC &>•C"~DlCFC3)+ . 5 865518 eeee 
It< 7l•CLTStCFC1l+.S 865520 e0ee 
IE( 7l•CETS•CF<2>+.S 865530 ee8e 
I"( ?>•C~TSlCF<3>+.5 &&ss~& &eee Il< I>•CLL *CFC1)+.6 w ~v w 
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c c 

COSTUN Listing (Continued) 

IEC •>•CEL ICFCB l+.& e&5650 aeee 
I,.C )•C,.L ICFC3l+.S e65660 0011 
ILC 8l•CL~WICFC1l+.& e&S570 eeee 
IEC 8>•CE~WIC~CB > +.S 065580 8080 
,. , 8>•C .. ~WIC~C3l+.S 065580 0000 

ILCltl•CLG ICFC1l+.S e65600 0008 
IEClll•CEG ICFC2 >+.5 065610 0800 
I~ C lll•C"G ICFC3l+.S 065620 0088 
ILClll•CLP ICFCl)+ ,S 065630 0080 
IEClll•CEP ICF C2l+.S 865640 eeee 
I~Cll > •C~P I CFC3 l+.S 065650 8008 
ILC12 >•CLACICF C1l+.5 065660 0000 
IE<12 l•CEACICF C2 l+.5 065670 aeee 
I,.C12 >•CMACJCFC3 l+.S 065680 0000 
------------------------------------------------------------------ esss;e eeee CALCULATE SEGMENT COST/FOOT FOR LABOR, EQUIPMENT AND MATERIALS 065700 8800 
SLCPF•0 065710 8000 
sEeP~·• 065720 0000 
s"cPF•e 065730 0000 
DO 815 LL• 1,12 065740 0e0e 
SLCPF•SLCPF+ILCLL > 065750 6000 
SECPF•SECPF+IECLL > 065760 0000 

815 S~CPF•S,.CPF+I~<LL > 865770 6000 
TSCPF•SLCP~+SECPF+S,.CPF 065780 0000 

c ------------------------------------------------------------------ e&s79e eeee C CALCULATE TOTAL SEG,.ENT COST/FOOT FOR EACH COST COMPONENT 065800 8000 

c 
c 

c 
c 

c 
c 
e 

TCES • IE< l>+IM< 1>+IL< l l 065810 0000 
TCE • IE< 2 >+1~ < 2 l+ILC 2 l 065820 8000 
TC,.L • IE< J >+IM < 3 l+IL C 3 l 865830 9900 
TC"T • IE< ~>+I~ < ~ l +IL < 4 l 0658~0 9008 
TC"H • IE< S>+IMC S l+IL C 5 l 865850 0900 
TCMD • IE< 6 l +IM< 6 l+IL C 6l 965860 9000 
TCTS • IE< ? >+IM< 7 l+Il C ? l 065870 6000 
TCL • IE< Bl+IM C Bl+Il C 8 l 065880 0900 
TCFY • IE< g )+IM < ; l+Il C 8l 065890 0000 
TCG • IE<18 >+IM C19 l+IL C18l 065g0e 8000 
TCP • IEC11 >+1MC1l l+IL C11> 065810 0000 
TCAC • IEC12 >+IM C12 >+ILC12l 065g20 0690 
------------------------------------------------------------------ e&sgJe eeee CALCULATE TOTAL SEG~ENT COSTS IN THOUSANDS or DOLLARS 065;~0 0090 
TLC • SLCPr&TSECL/ 1808. 165850 eeee 
TEC • SECPraTSEGL/ tee8. 0&s;6e 0ee0 
T"C • S"CPFITSEGL/ 1801. 065g?e 0890 
TSC • TLC+TEC+T"C 06Sg80 ee0e 
------------------------------------------------------------------ e6s;;e eeee IF<LISTC6 l .EQ.1 ) QO TO 8~9 066900 eeee 
YRITE OUT THE SEGMENT COSTS FOR LABOR, EQUIP, ~AT, AND TOTAL 066919 eeee 
ITSECL•TSEGL 0660ct 0e10 
NTSEG•A CI 1) 866830 eeee 
URITE<LO,itll l NREACH,NTSEQ,CIL <JJJ >,JJJ•l,12),SLCPF,TLC 8668~8 0188 
URITE<L0,1182 l <IE <JJJ l ,JJJ•1,12>,SECPF,TEC 866850 eeee 
URITE CL0,1te3 > <IM CJJJ > JJJ•l 12l S~CPF,T~ 066860 1881 
URITECLOt18l~ l TCES,TCEtTC~LtTC~T,TCAH , TC"6,Tcts,TCL,TCFW, 866878 8081 

lTCQ,TCP, CAC,TSCPF,1TSE~L. SC 866888 8811 
r'tLINES•NLIHES+S 

ACCU~ULAT£ TUNNEL SEG,.EHT COSTS INTO COST OF REACH 
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0661N 8811 
t66181 tell 
e&6111 eeee 
166121 .... 



COSTUN Listing (ConLinued) 

1+1 RCL•~Ct+TtC 066130 000a 
ACE•~CE+TEC 0661•0 00~3 
AC"•RC"+T"C t661S& &ea& 
ACT•RCL+RCE+RC" 06616e e0te 

C END OF COSTS ON A SEG"ENT BASIS 066170 3000 
itt CONTINUE t66180 0080 

c ------------------------------------------------------------------ ess1;e eete C LIST OUT REACH COSTS 866200 0eee 
lit IFCL1STC6>.EQ.1l GO TO 860 066210 aeee 

UAITECLO 10t7> SHAFTCNSHAFT,12l,RCL, SHAFTCNSHAFT,15l, 066220 0000 
1 SHAFTCN~HAFT,13>,RCE,SHAFTtNSHAFT,1•>.ACM,CFtUWK,RCT,CFEUUK t66230 0000 
NLINES•NLINES+7 0662•0 0000 

c 066250 0000 
c ------------------------------------------------------------------ 066268 9000 C ACCU~ULATE COSTS OF ALL REACHES 066270 0000 

86e TUNLC•TUNLC+RCL 066280 0000 
TUNEC•TUNEC+RCE 0662ge 0000 
TUNMC•TUNMC+RCM 066300 0000 
TUNTC•TUNTC+RCT 066310 0000 

c 066328 0000 
TRDATACNREACH,17>•RCL 066330 0008 
TRDATACNREACH,1B>•ACE 0663•0 0000 
TRDATACNREACH,lg>•RCM 066353 0000 
TADATACNREACH,20>•RCT 066360 0000 
END OF COSTS ON A REACH BASIS 066370 0000 c 

gse CONTINUE 066380 0000 
RETURN 066398 0000 

c 066•e0 0000 
c ------------------------------------------------------------------ ess•1e eeee 
c ------------------------------------------------------------------ e&6428 eeee 1118 1~g:~A~i~~~·;t~ 1 H:ii;~~ •• !.~.~~~•EcSsT IH0D~LlA~s P:~'f~~f/~F TUNNE =~~:~: :::: 

cl IIJIIIIIIIIIIIIIIII SEC SEG"ENT SEC"ENT / 866~50 0088 
3121H NO NO EXC EXC MUCK MUCK ~UCK ~UCK SUP- LIN- 866~68 8088 
~LIN GROUT PU"P- AIR- COST LENGTH COST / 066~70 0008 
SlciH SETUP LOAD TRAN HOIST DISP PORTS IHG F 866.80 0008 
60RM ING COND CI/FT } <FEET > <11801 > 0664ga 0000 
7 / tX.tlg<lH- l > 066500 0000 

1t01 FOR~ATC/1X,I3,1SLcH L,l316L8Xfi12l 066510 0000 
1ee2 FORMATc;x. cH E,13I6,~x. 12 > 866520 e0e0 
1883 FORMATcgx, 2H "·1316,8X,l12} 066538 0800 

c c 

c 

118~ FOR"ATCiX, 2H T,1316,I8,112> 066540 8808 
1887 FORMATC1X,11g(1H- )L//, 9XL t•HREGIONAL COSTL6Xt18HCOST INDEXt10X, 066558 0000 

1 teH --LABOR LF~.2LSX.~1HTOTAL REACW LABOH CuST .•..•..• ,1»/ 866568 0080 
2 ;X,iHFACTOR ,f5.2,c6X,18HEQUIPMENT ,F5.2tSXL &66570 0880 
J 31HTOTAL REACH EYUI~MENT COST .•.. • Ii/ 066680 8888 
~ 4;X,10H"ATERIALS ,FS.2,5XL31HTOTAL REACH "ATERIAtS COST ••.. ,I;/ 8665gl 8888 
S ~3X 16HlAIOR ~OAK UEEK .F~.a.sx. 866680 eeee 
6 31HtOTAl REACH COST .•.•..••••..••• Ig/ 166610 8888 
7 43X,16HEQU1P UORK UEEK ,F5.c} 066621 8888 
------------------------------------------------------------------ 866631 , .. , 
END 
SUIAOUTINE COSTSFCI,CNP,SHAFT,TRDATA,HSSMAX,NP"AX,NS"AX,NTR"AX, 

866&•8 eee0 
e&6650 eeee 
e&666t eeee 

1NTS~Xl 

------------------------------------------------------------------ 166618 •••• 
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c 
c 
c c 

c 

c c 

c 
c 

c 

c 

c 

c c 

COSTUN LisLing (Continllcd) 

----------------

------------------------------------------------------------------ e6e&ae 1eee COSTSF COLLECTS ALL OF THE SHAFT COSTS AND OUTPUTS ThE" 066&;e 0081 
------------------------------------------------------------------ e&&7te eeee ------------------------------------------------------------------ e&671e eeee Dl"ENSIOH IL C11 >.IEC11 > IM <11 >.CF<3 > 86672e eeat 
CO~~N / A/ L01 Lit~MtO"t(IST C ~t lfTITLE C1 6t > .STAIEG.ITVPE eo67~0 0088 
CO""ON/ Q/ TUN~C UN C. UNMC,TUh C 866750 0810 
DI~EHSIOH acNssAAK,~3 >,CNP<NP"AK,2 >, SHAFT CNS"A~.23 >, TRDATA<NTR"Ax , 066760 0eee 

1 23 > 866770 08te 
------------------------------------------------------------------ e&&7se eeee INTECER SLCPF SECPF S"CPF,TLC,TEC,TMC 0667;8 0880 
INTEQER TCEStT6ELTC"(, TC"k,TCMD,~CTS,TCL,TCFU,TCP,TCAC, 866800 0880 

1 TCC, SCP~ TSC 866810 0800 
INTEGER SCL SCE,S6",SCT 066820 0880 
INTEGER TUN(C TUNEC TUNMC TUNTC 066830 0810 
INTEQER SFTTL6,SFTTfc,SFTf"C,SFTTC 0668~0 0080 
INTEGER TLAIOR,TEQUIP,TMATER,TCOST 066850 0000 
INTEGER RCL,RCt,RC~,RCT 066860 0080 
------------------------------------------------------------------ es&a?e eeee CALCULATE COSTS A SHAFT AT A TI~E 066880 0000 
v•e.e 066890 0000 
ITVPE•2 066900 8000 

066910 0000 
066;20 0000 

SFTTLC•t 066930 8800 
SFTTEC•e 066940 8000 
SFTTMC•0 066950 8800 
SFTTC•e 866960 0000 
DO ;5e HSHAFT•1,NS"AX 866970 0800 
IF CSHAFT <NSHAFT,1 >. LT.-18.E2g > QO TO 958 066980 0800 
IF•SHAFT CNSHAFT,7 > 866990 0000 
NSSEQ1•SHAFTCNSHAFT,1> 867000 0000 
NSEQS•SHAFT<NSHAFT ~ > a67810 0080 
RML"AX•SHAFT<NSHAFf,1t l 067020 8800 
DDS•SHAFT <NSHAFT,5> 867830 0800 
CDS•SHAFTCNSHAFT,6 > 0678~0 0880 

067050 0e00 
ISHAPS•SHAFT <HSHAFT,16 l 067868 0808 
HOURS •SHAFTCNSHAFT,17 l 067078 0800 
DAVS •SHAFTCNSHAFT,18 l 067088 0880 
NPORT •SHAFTCHSHAFT.23> 067898 0808 
SFA•t.78S 067108 0088 
SFP•3.14 067118 0e0e 
IF <ISHAPS.E0.2 > SFA•1.0 067120 0080 
IF<ISHAPS.EQ.2) SFP•~.8 067138 0000 
DETER~INE NU"BER OF SHIFTS PER WORK DAV 067148 0000 
SHIFTS•1. 067151 0088 
IFCHOURS.C£.12. > SHIFT5•2. 067168 0008 
1F<HOURS.QE.21. > SHIFTS•3. 067171 0000 
CALCULATE COST FACTOR FOR LENGTH OF ~ORK WEEK 867181 0088 
IF CHOURS/SHIFTS.LE.8. > CFLUUK•C6.18+e.t;21CDAVS-4.>112 0671;8 0808 

1 +0.38~15HIFTS l iSHIFTS/HOURS 067201 8880 
IF<HOURS/ SHIFTS,QT.8, ) CFLWWK•<I.76+t.82~1<DAVS-~.>1*2 167211 8108 

1 +8.8481SHIFTSll<1.5-~.ISHIFTS/HOURS l 867228 1088 
CFEWWK•C3.75+31, / HOURSl/DAVS 867238 e808 
------------------------------------------------------------------ 8&72~8 , ••• CALCULATE UENQTH OF SEQMENTS REQUIRE QROUTINQ AND PU"PING 16?250 eeee 
DTO•I. t672&e 811e 
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COSTUN Listing (Continued) 

- - ------------

D"·•· 86727t a0ee 
fY.~~s~Si!N~!fGS :f~~== :::: 
;:tst·!~fft~~~) =~~~t: :::: 
HH •1<11.36> e67328 8e80 

~~~to~t~at~l!> DTP•DTP+SSECL =~~~~= :::: 
IF<,.STAI.ME.3.0R.HH.CT.2tt. l CO TO 10 067358 0000 
DTQ•DTG+SSECL 867363 0000 
TI~C•t.33+<HH+t.SISSECLl/2t. 067370 0000 

1t CONTINUE 067388 0000 
c ------------------------------------------------------------------ e&739e eeee SCL•t. 067~08 ee00 

c 
c 
c 
c 
C· 

c 
c 

c 
c c 
c 

c 

SCE•8. 067~18 8000 
sc~·•· 067~28 0ee0 
scT•8. t67~3a 0000 
NLINES•60 067~~0 0008 

CALCULATE SHAFT COSTS FOR EACH SEGMENT 

DO 900 ISS•1.HSEGS 
I•SEQUEHCE NU~BER OF SHAFT SEG~ENT 
l•NSSEG1+ISS-1 
CHECK FOR A PORTAL OR A DU~MV SHAFT 
IF<NPORT.EQ.t.AND.ISHAPS.ME.tl GO TO 67 
THIS SHAFT IS A PORTAL OR A DU~"V SHAFT 
IFCLISTC7l.EQ.tl URITE CL0.3005 l HSHAFT 
00 TO 861 

67 NPI•B CI.<4 l 
ELNPI•CHP<NPB.2l 
RS•I c I S l 
ROD•I < f.& l 
"'E)(•I ( I L 7 l 
AR•I <I .IS l 

067~58 00ea 
067~60 0000 
867~70 0000 
067~89 008" 
067~g9 0000 
t6758e 0000 
067519 eee0 
06752t 0089 
067539 eeee 
9675~9 ee0e 
067550 0000 
867560 0008 
067570 0000 
867580 0000 
es1s;0 0000 
e&7688 ee00 
867610 0000 
067620 0000 
867630 eeee GI•I<I 9> 

THE VARIABLE FOR LININC TVPE IS CALLED L1 CONE >N1CONElNC IH THIS 0676~0 0008 
-- -- -- 067658 eeee 

SUIROUTINE TO AVOI D CO~PUTER CONFUSION UITH THE CALL TO SUB LINING 067668 0808 
YHICH COMPUTES LIHINC COSTS 867678 0008 
L1N1HC•I CI.1t> 067688 0008 
TL•B<I.11 l 067&;e eee0 
TSEO •ICI.11 > 867700 0000 
NOFORM•BCI.12l 067710 0008 
ELUATR•B <I.13l 067720 0080 
LIH~T •I C I,l~l 067730 0800 
NSSTVP•8CI,15l 8677~0 0000 
011 •I<I,16> 067758 0880 

PHI •I<I,19 l 
ELli'IP •I< I ,ae> 
IUATER•I<I.iU l 
ISUPPT•I (I L22 > 
PER,. • I CI, 2;.;~ l 
STAINO•ICI,2<4) 
I'ISTAI • I C I, 25 > 
AIRPR •J<I.27 > 
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067768 0eee 
e67778 0eee 
t&7788 0e0e 
9677!;0 eeee 
es7aee e0ee 
867810 e0ee 
867820 teN 
e&783t ee0e 
1678~· •••• 



c 

c 

c 

c 

c 
c c 

c 
c 
c 

1£ •1<1,28> 

ll!te •I< I,3t > 
E. •I<I.31 > 

101 •I<I,31> 

1014t •I<I,33> 
OIA •ICI,l~l 

COSTU~ Lisling (Continued) 

PSO I L • B C I. 30 l 
PTOTAL•B CI,31) 
PIJATER•B C I.~J ) 
LAlOR COST FACTOR IN COMPRESSED AIR 
CFLCA•AIRPRll21~80 . +l.S 
IF CHSSTVP.NE.2.0R.AIRPR.tE.8. I CFLCA•1. 

ts7ase eeae 
a&7ase eeee 
067B7e eeae e&?aae eeae es?B;e eeee 
e&?SJte eeee es?ue eeu 
e&?IJ28 , ... 
li?IJ31 .. .. 
e671J<4t ... . 
1671JS0 lttl 
8G?IJ68 .... 
t671J?e eeee 
es?SJse eeee 
ea7SJ9e 8880 
868800 8ete 
e68810 88te 
068820 8880 
068830 0eee 
0688<40 0880 
068050 0000 
068960 0100 
068070 eeee 
068080 eeee 

------------------------------------------------------------------ e&ae;e eeee CALCULATE SETUP COST FOR SHAFT SEG~ENT I 068100 8800 
CALL CSETUP <A B.HSEGS.HSSEG1.8E HH.ITVPE I SETUSH.SETUP~.SETUPR. 868118 8800 

1 ClES.CEES.CMtS.CFLW~K.CFE~UK.H§STVP,DSE§.DMtS.DRES.HTS"AX.NSS"AX> 068120 8000 
------------------------------------------------------------------ e&B13e eeee 8681<40 8800 
CAlCULATE PUMPIHG TI"E 068158 8800 
PU"PT~•e. 868160 8880 
IF<FLOUL.LE.e. > QO TO 788 868170 8800 
PUMPT~•<6.+1~ . lSETUSH+28.lSETUPM >IDTP+7.1DAVSIAR 068180 8000 
AL•2.lHOURS 868190 8800 
IFCL1N1NG.EQ.1 > PUMPT"•PUMPT"+<30.+SHAFT<NSHAFT.8>1ALl?. I DAVS > 068200 8800 

1 IDTP 868210 8880 
IFCL1N1HG.EQ.2 > PUMPT"•PUMPT"+38. 1DTP 868220 8800 

711 CONTINUE 868230 8880 
c ------------------------------------------------------------------ ess2•e eeee C CALCULATE COST OF EXCAUATIOH IN SHAFT SEGMEHT I 068250 8080 

c 
c 

c 
c 

c c 

CALL COEX C CLE1CEEtC~E~ITVPE.~EX1AR18E1RS1ISHAPS.SFA1SFP, 068260 eee0 
1 PSuiL.~TAI~O,DTRNCH uROcK ~ID~SL,UBOX USuiL. UROCK.PHI. 068270 8000 
2 DCENT,HOURS,V.D",MStAB.CF(CA.CFLUUK.CfEUUK.HSSTVP> 068280 8088 
------------------------------------------------------------------ e&a2;e eeee CALCULATE COST OF "UCK LOADING IN SHAFT SEGMENT I 068380 eeee 
CALL C"UKLD C CLML.CE~L,CM"L1 ITVPE 1 MEX.ARLDM.u,v,,RML.R"L~AX, 068318 8010 

1 MSTAI • CF1.CA, CF 1.WioiiC • CFdiUIC. HOuRS> 068321 18tt 
------------------------------------------------------------------ 168338 •••• CALCULATE ~CIC HOISTING COSTS FOR SHAFT SEG"ENT I 0683~8 eeee 
CALL C~TAHCCLMT CEMT,CM"T.CLMH CEMH C"~ ITVPE MTM D"•AR 068351 lilt 
1HSFA,U1HH.L1H1H6.R~L1R"L~X1HSLOPE.6ELISHAPSLR(,uc(T.UCEt1V.UCL"H• 168361 lite 
2HSCA U~E"H MSTAI DLOcK CLINu.HOURS.OP~H DCEHT.U ACEX.UIACuS.UIOX. 168378 ltlt 
3 u§oiL.uAocK,T6TIOX.CFLUUIC.CFEUWK.CFLCA.DDS,NSSTVP.DTRHCH.DROCK l 168388 18tl 
------------------------------------------------------------------ 1&8388 •••• CALCULATE MUCK DISPOSAL COST FOR SHAFT SEGMENT I 168<418 8111 
CALL C"UKDPCCL"D,CE"D~~"MDfARLV,CDS.DDS.UDS,HSSTVP.HOURS. 168~11 1101 

1 CFL~UK,CFEwwK.I VP~l 111~28 till 
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COS'fUN Listing (<:ontinuvd) 

----- - --------
c 
c 

c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 

------------------------------------------------------------------ 168431 eeee ~~CULATE COST OF SHAFT SUPPORTS FOR SHA~T SEQMENT I t6a••t tete 
CA~L CTSU,CC~TS,CETS,CMTS,RQD~MEKfiSHAPS61E,AR,~S&IE•t,8E&8(ITVPE, t684Sa t8t8 

i ~~~'Nt~,r~:;~~uAs~:rw~~;c~~u~~~g~r~A!+L6¥~N~e:~6~~K~g~6c~~wT. :~::~: :::: 
3 YTJTR ,ijTYALE,SPDLT,UTSPa,UTSP,wTANCH, OTIOK,11AACE,SFAl 168488 818t 
------------------------------------------------------------------ 1684;1 .... CALCULATE COST OF LINING AND FOR~UORK IN SkAFT SEG~ENT I t&8St8 eeee 
c•LL LININQ1CCLL,CELYCML,CLFY,CEFU~CMFU&ITVPE,Llh1NQtRQD,"EK, 1&8511 0888 

~~r~~~~~~~H:~,:·t~~~6A~~=·~~~~Tv~~~s~ft~~u~~f~;~~~~~~."· =~~~~= :::: 
3FOR"MM,HOUR~,CF CA,CFLwUK,CFEUYK> 8685.8 8808 
------------------------------------------------------------------ esssse eeee CALCULATE GROUTING COSTS ~OR SHAFT SEG~ENT I 068568 0008 
C~LL CGROUTCCLG,CEG6c~C,ITVPE,CILISHAPSLIE(ARLRS,NSSTVPLMSTABL 868578 eeee 

1 DTUN,HH,H URS,CFLU~K.C~EU~K.S~EQ ,P~RM,S~P,DT~.TIME~l 868588 0000 
------------------------------------------------------------------ esssge eeee CALCULATE COST OF PUMPING ~OR SHAFT SEGMENT I 868688 0008 
CALL CPUMPCCLP CEP CMP,NSSTVP,FLOU,PH,PIPL AR,ITVPE, 868618 eeee 

1 ELSUR~ ELiOTM DAVS L1N1NG,PU~PTM,~EX DTRNCH DROCK,FLOUL, 868628 0000 
2 UELLS,~L.TIME~U,IS6PPT,ELUATR,EtNPB,iWATER,CFLUU(,CFEUWKl 068638 0000 
------------------------------------------------------------------ ess&~e eeee CALCULATE COST OF AIR CONDITIONING AND CO"PRESSED AIR 068658 0080 
FOR SHAFT SEG~ENT I 868668 8088 
CALL CAIRCCCLAC,CEACLC~AC,QLQT,BELBFfAR1 HOURSfNSSTVP,MSTABtiTVPE, 868678 0008 

1 AIRPR, S~A,ISHA~S,HHL~AU tA~OCK,D CLDTCA,PUMPL ,DM, 868688 0088 
2 ALOCKL,UC"CP,CFLUUK,CF~UUK,uAVS,V,PERnl 8686~0 0080 
------------------------------------------------------------------ ess1ee eeee 068710 e0ee 

868728 eeee 
------------------------------------------------------------------ ess13e eeee 1FCLISTC?>.EQ.1) CO TO 818 8687~8 0088 
1FCNLINES+11.LT.68 l GO TO 818 068758 eeee 
WRITECL0,288tl 068768 0088 
HLINES•6 868770 0888 

c ------------------------------------------------------------------ e&s7ae eeee C C~LCULATE COST FACTORS 8687g8 8tee 
81t POP•C1.+8.8110~liC1,+8.811PM l 868888 00ee 

C CFC1l,C~C2l AND CFC3> ARE CO"POSITE COST FACTORS FOR L, E, AND M 868818 eeee 
CFL•SHAFTCHSHAFT,12> t68828 8088 

c c 
c 

CFE•SHAFTCNSHAFT,13l t68838 eeee 
CF"•SHAFTCHSHAFT,1•> t68848 eeee 
RCF•SHAFTCNSHAFT 1Sl 068850 8808 
CFC1l•POPICFLlRCf 86886e 8008 
CFC2>•POPlCFEIRCF 868870 8808 
CFC3l•POPICFMIRCF 868888 8808 
------------------------------------------------------------------ e&as;e eeee MULTIPLV IV CO~POSITE COST FACTORS AND THEN OBTAIH SEGMENT 868~88 88t0 
COSTS PER FOOT TO THE NEAREST DOLLAR t68~1t ttet 
ILC 1l•CLESlCF<1l+.6 ~~:3: :::: 
IEC 1>•C£ESlCF<2l+.S esa~4t t0t8 
I"< 1>•C~ESlCF<J>+.s 868~5• e8t8 
ILC 2>•CLE 1CF<1>+.6 068; 6e 8tte 
IE< 2l•CEE lCFC2l+.S 86a~78 8081 
I~C 2)•C~ *CF<Jl+.S 868888 8et8 
IL< 3>•C~"LlCFC1>+.6 868;;1 0088 
~~~ ~~:g~~t:g:~~~!:~ t688te eeee 
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ILC 4>•CL"HICFC1>+.S es;010 ~eee 
IEC 4>•CE"HICF<2>+.S 0oi820 00~~ 
I"< •>•C""HICFC3>+.5 es;e30 0000 
ILC S>•C~DICFC1>+.5 06i0•0 0000 
IE< S>•CE"DICFC2l+.S 06;050 000~ 
I"C Sl•C""DICFC3l+.S 0ii06t t08t 
ILC Sl•CLTSICF<l>+.& 06i87t 0080 
IE< 6l•CETSICFC2>+.5 06it8t tete 
I"< &>•CMTSICFC3l+.S 06iti0 0088 
ILC 7>•CLL ICFCl>+.S 06i18t 0088 
IE< 7l•CEL ICFC2l+.S 06i11t tete 
I"C 7l•CML &CFC3l+.S es;120 0888 
It< 8l•CLFWICFC1l+.S 069138 0008 
IE< 8l•CEFWICFC2l+.S 069140 0080 
I"< 8l•C"FWICFC3)+.S 069150 ~080 
IL< 9l•CtG ICFC1l+.5 069160 0000 
IEC 9l•CEG ICFC2l+.S 06;170 0080 
I~< g)•C"G ICF<3>+.5 069180 0880 
ILC10l•CLP &CFCll+.S 069190 0080 
IE<lt>•CEP ICFC2l+.5 06;200 0000 
IMC10l•C"P ICFC3l+.S 069210 0880 
ILClll•CLAClCFCll+.S 06;220 0080 
IEC11l•CEACICFC2l+.S 06g2J0 8880 
I~C11l•C~ACICFC3l+.S 06;2•0 8880 

c ------------------------------------------------------------------ es;ase eeee C CALCULATE SEGMENT COST/FOOT FOR LABOR, EQUIPMENT AND "ATERIALS 06;260 0880 
SLCPF•t 069270 0000 
SECPF•0 06;2s0 ee00 
SMCPF•t 069290 8000 
DO 816 Lt•1,11 069300 8000 
SLCPF•SLCPF+IL<ttl 06;310 8800 
SECPF•SECPF+IECLtl 069320 8800 

815 SMCPF•SMCPF+IMCLL> 069330 8000 
TSCPF•SLCPF+SECPF+SMCPF 0693•0 8800 

c ------------------------------------------------------------------ e&93Se eeee C CALCULATE TOTAL SEGMENT COST/FOOT FOR EACH COST COMPONENT 06;360 8800 
TCES • IEC 1l+I"< 1l+ltC ll 069370 8800 
TCE • IE< 2 l+I"< 2>+IL< 2> 06;380 8880 
TC~L • IE< 3>+I"< 3>+It< 3> 06;3;0 eeee 
TC"H • IEC 4l+I~C ~>+ILC •> 06g•ee 8880 
TC"D • IE< S>+I~C Sl+IL< Sl 069.19 0800 
TCTS • IE< 6l+I~< 6l+ILC 6> esg•ae eeee 
TCL • IE< 1>+1~< 7>+IL< 1> 069~30 8880 
TCF~ • IEC 8l+I~< 8l+ILC 8l 86g•4e 8808 
TCG • IE< il+IMC 9>+ILC 9l 069•Se 0888 
TCP • IEC18l+I~C18>+ILC18l 069.60 8808 
TCAC • IEC11l+I~C11l+IL<11l 06g.?e eeee 

c ------------------------------------------------------------------ e&g~ae eeee C CALCULATE TOTAL SEG~ENT COSTS tH THOUSAHDS OF DOLLARS 169.;0 eeee 
TLC • SLCPFISSEQL/1880. esgsee 0008 
TEC • SECPFISSEQL/1000. 069518 0088 
TMC • SMCPFISSEQL/1088. e6g520 0808 
TSC • TLC+TEC+T"C 069538 0008 

c ------------------------------------------------------------------ es;s~e eeee IFCLISTC?l.EQ.1> QO TO 840 16&558 eeee 
C ~RITE OUT THE SEQ~ENT COSTS FOR LABOR, EQUIP, "AT, AND TOTAL 06956e eeee 

ISSEQL•SSEQL 06;578 0110 
HSSEQ•B<I,2> 06&581 eeee 
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~ITECLO,Ittl) NS~FT,HSSEG, C IL CJJJ) ,JJJ•1L11 > ,S~CPF,T:C 
W~IT£CL0,2112> < IE C JJJ ) ,JJJ•1,11 > ,StCPF,~EC 
WRIT£CLO,It13 ) CI"CJJJ) JJJ•1 11) S~CPF TftC 
WRITECLO,III~ ) TCES,TCEtTC"lLT6"H,TC~~.T6!S,TCt,TCFW, 

1 TCQ,TC~,TCAC,TSCPF,ISS GL,T~C 
NLINES•Ht.INES+S 

c 

ugsg0 ae0e 
e686ee eeee 
a6;610 eee0 
a&;620 eeee 
e&;6Je eeee 
e6;6•e eeee 
e6;6S0 8eee 

c es;ssa etee C ~CCU~U~AT£ SHAFT SEG"ENT COSTS INTO COST OF SHAFT 06;678 etee 
••• sc~·SCL+Ttc e6;6S0 e0ee 

SCE•SCE+TEC 06;6;0 eeee 
SCM•SCM+T"C 06;780 8000 
SCT•SCL+SCE+SC" 06;710 0000 

C END OF COSTS ON A SEG"ENT IASIS 869720 8000 
;ee CONTINUE 869738 8880 

c ------------------------------------------------------------------ es;?~e eeee C LIST OUT TOTAL COST OF SHAFT 069750 0008 
858 1FCLIST C? >.EQ,1 ) GO TO 860 069?60 0008 

1w~~l~tt~sA=~f!l~~~~6~~~~=~f(~~~A~~;i~~~~6~~~~~~~K!~Jt.crEwuK =~~~~= :::: 
HLINES•NLINES+7 069?90 0000 

c 069808 000~ 
c ------------------------------------------------------------------ 969&te eeee C ACCUMULATE COSTS OF ALL SHAFTS 0698a8 0088 

861 SFTTLC•SFTTLC+SCL 069830 0000 
SFTTEC•SFTTEC+SCE 0698"0 0088 
SFTTMC•SFTTMC+SCM 069850 0008 
SFTTC•SFTTLC+SFTTEC+SFTT"C 069860 0000 

069870 0000 
SHAFTCHSHAFT,1;)•SCL 069888 0088 
SHAFT <NSHAFT,2t)•SCE 869898 0008 
SHAFTCHSHAFT,21 )•SC" 069988 0008 
SHAFTCHSHAFT,22)•SCT 869910 0088 

C EHD OF COSTS ON A SHAFT BASIS 869928 0088 
9&t CONTINUE 869938 0888 

c 

c ------------------------------------------------------------------ e&;g~e eeee C PRINT REACH COST SU~MARIES 069958 0000 
IF < ~ISTC8 ) .EQ.1) GO TO 965 869968 0088 
WRITECL0,1588 ) 869978 0000 
HLIHES•S 869988 8008 
DO ;sa NREACH•1,HTR~AX 669996 teee 
IF C TRDATA C NREAC~L1 l .LT.-lt.Ec9 l GO TO g&l 87001e 0000 
NSHAFT•TRDATA<HRtACH,1 ) 97101e 1000 
RCL•TRDATACNREACH,l7) e71828 0680 
RCE•TRDATACNREACH,18 ) 8?803e 1008 
RC"•TRDATACNREACH,19 ) 878040 0881 
RCT•TROATACNREACH 21 ) e?eese 8061 
YRITEC~0,1St1 ) NRtACHLNSHAFT,SHAFT CNSHAFT,lS l , CSHAFTCNSHAFT,JJ ), 878066 eeee 

1 JJ•12,14 )1.RCLLRCE,RC",RCT =~==·~ :::: 
NLINES•HLI"ES+~ 6788ge 1e8e 
IF<NLINES.~T.68) QO TO ;&I 678111 ee8a 
~~I~~~=~·tstt > 878111 10ee 

96t CONTINUE 8?tl21 8688 
9&& CONTINUE 8?6131 Ieee 

c ------------------------------------------------------------------ t78141 , ••• C PRINT SHAFT COST SU~MARIES t?llSt tlet 
IFCLISTC8 l .EQ.1 ) QO TO 875 e?el61 1111 
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w~JTECLO,lltt> e1e1~e eeee 
HL H£1•5 871181 e1ee 
DO 87t NS~FT•l,NS~AK 0781i8 100' 
IF<~FT<HSHAFTt1>.LT.-1t.E28> GO TO 871 0t77!22~ .. e8 !!!! 
SCL•SHAFT<HSHAF ,18> v vv~v 
SCE•SHAFT<NSHAFT,21l 078220 1008 
I~•SH-FTCHSHAFT,21> 071231 teea 
~ifT~~~~~~~~F~§~~~T,SHAFT C NSHAFT,15 l ,CSHAFT C NSHAFT,JJ l ,JJ•12,14l =~=~~= :::: 

1 ,sctLsc~,sc".scT t7t26e eeee 
H~INE~•NL1HES+2 t7t270 0888 
IFCNLINES. LT.58> GO TO 871 07t28t 0t88 
WRITE<L0,16tt> 0102ge 0e09 
NLINES•5 078389 0t08 

878 CONTINUE 070319 0889 
875 CONTINUE 078320 0888 

c ------------------------------------------------------------------ e1e33e eeee C TOTAL PROJECT CONSTRUCTION COSTS 0703~0 0000 

c 
c 

c 
c 
c 

TLAIOR•TUNLC+SFTTtC 070350 0000 
TEQUIP•TUNEC+SFTTEC 070360 0000 
T~ATER•TUN"C+SFTT~C 070370 0000 
TCOST•TUNTC+SFTTC 078380 0890 
------------------------------------------------------------------ 01e3;e eeee PRINT PROJECT SU"~ARV SHEET 079400 8800 
URITE<t0,2 l TITLE 070410 8000 

~=~+~~t8:t::~~ ;~ff~~:~~~~t~~~~~t~g~~~t+gNTC =~=:~: :::: 
URITECt0,1187> TtABOR,TEQUIP,T"ATER,TCOST 078440 8890 
------------------------------------------------------------------ e?e•se eeee RETURN 078460 8800 

070470 ee00 
------------------------------------------------------------------ e7&480 eeee 2 FOR"ATC1H1,1tC /) ,SIX,78C1Hl >, / ,50X,1HI,68X,lHI, 878490 8800 

11IC/,58X 1HI,2X 16A~.2X,1HI>, 070500 8880 
3 / ,56X,1Ht,i8X,1HJ,/,5IX,78<1Hi l, ///l 078510 0880 

111~ roR"AT<1X,11g(1H- J,// , ?XL 14HREQIONAt COST,6K,18HCOST IHDEX,18X 078520 8800 
111H --LA OR ,FS.2, bX,25HSHAFT tABOR COST •••••.• ,,Ig/ 178530 0880 
2 7X,gHrACTOR ,F5.2,26X,1tHEQUIP"EHT ,F5.21 5XL 078549 0880 
3 25HSHAFT EuUI~MENT COST • • .. ,Ii/ 078558 0aee 
4 47X,11H"ATERIAtS ,rS.2, 5X,25HSHAFT MATERIALS COST •••• ,Ii/ 078560 8800 
5 41X,16HLAIOR UORK WEEK ,F5.2t5X,25HSHAFT COST .••.••••••••.•• 19/ 078578 eeee 
6 41X,16HEQUIP WORK ~EEK F5.2J 070588 0888 

1115 FORMAT<SeX,17HPROriT MARGIN ,F5.2 JX 07e58e eeee 
1 36HTOTAt TUNNEL tABOR COSf • • . . • Cil880J,li/ , 078688 0eee 
~ SIX,l?HOVE~~~~gT=~R~~~EtFSE~U~~AENT COST ••••••. ,,Ig/, =~=:~: :::: 
4 75X,36HTOTAt TUNNEL MATERIAL COST .•••.••. ,,Ig/, 171638 8800 
S 75X,36HTOTAL TUNNEL COST ••••.••.••••••••.• ,Ii/) 078648 eeee 

1tt6 FORMAT(//,7SX,36HTOTAL SHAFT LABOR COST •••.••••••• ,,I9/ 170651 eeee 
1 7SX,36HTOTAL SHArT EQUIPMENT COST •••••.•. ,li/ 170668 eeet 
2 7SX,36HTOTAL SHAFT MATERIAL COST .••.•••••• Ii/ 171678 8118 
3 7SX,36HTOTAL SHAFT COST •••.••.••••••••.•• 

1
Iil 171681 8tlt 

1117 rORMATC//~?SX~3SHTOTAL PROJECT LAlOR COST ••••••••••t 18/ t716it tilt 
1 7Sx,3SHTOTAL PROJECT EQUIPMENT COST ••••••• ,I1•/ t7t?t8 0888 
2 7SX,3SHTOTAL PROJECT MATERIAL COST .••.•••• ,I1t/ 171718 ltlt 

ree3FOR 75X,3&HTOTAL PROJECT COST ••••••••••••••••• , 111> t71?21 tilt 
lv ~ATC1H1 1X 3~C1HI>,StH T U H HE t REACH C 0 S T S U M t?t?Jt ttlt 

1" A R ~ .~sclHI)// 1~X,liH£XlT REQIOHAt ,&ClHil, 178?~8 tilt 
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I liHCOIT IHDEMES,6C1Hl l, ltX61?C1Hl l61SH COSTS <11881 > ,1i t1Hi l/ 171~51 1811 
3M,62HREACH SHAFT C ST FACT R LAlOR EQUIP MAT~. • 871768 8381 

4 1'Xt41HLAIOR EQUIPMENT MATERIAL TOTAL,/ IX 11gC1H-l/l t71771 8111 
1111 FO~~ATC4X1 13~8X{I3,7X,F4.2,2X,3 < 4X,F4,2 l61 1Xt4 ()K,I 6 >/~ 171788 1118 
11tt FOR~ATC1Hl,l~ 4 <1Hil 37H SHAFT C S S u ~MAR~ , 87179e 88e8 

l 41C1HJ )// ~3X,1tHRtGIONAL ,6ClHll~12HCOST INDEXES,6<1~1l, 178808 8818 
2 1t~L17 Cl HlltlSH COSTS Clllttl ,16 C1HK)/ ,3X,SHSHAFT,14X, 878811 8811 
3 33~0ST FAC OR LAJOA EQUIP ~ATL,16X 171820 8801 
4 41HLAJOR EQUIPMENT "ATERIA~ T6TAL / 1X,11gi1H-)/l 078831 8801 

1811 FOA~TC4X,I3L18X,F4.2,2XL3 C 4X,F4.2 l ,11X,4 C 3X,ig)/l 178841 8880 
atll FORMAT<1H1,4bC1Hi l 23H ~HAFT C 0 S T 52<1HI)// 871850 8101 

112tH SHAFT SEG ltilllllltlllll COST IN DOLLAAS PER FOOT OF SHAFT 171861 8181 
Slllllllllllllll SEQ SEGMENT SEG"EHT / 878878 8080 
3121H HO HO EXC EXC MUCK ~UCK MUCK SUP- tiN- Ll~ GR 171881 8800 
40UT PU~P- AIR- COST LENGTH COST / 870898 8100 
6128H SETUP tOAD HOIST DISP PORTS lNG FORM 870988 8081 
6 ING COND CI / FT > <FEET> Cl1018l 171910 1101 
? / 1X,11gC1H-ll 170920 1108 

aee1 FORMATC/,1X,IJ,I5,2H LL12I6,8X,Ill > 070938 0eee 
2112 FORMATcgx, 2H E,1ci6,8X,Il8l 878948 0001 
2113 FORMATc;x, 2H ",lci6,8X,I181 070950 0000 

~::a ~g=~=t~Y~iL6H SH=~T~ti7! 6 fi8AI~~~TAt OR A DU~MV SHAFT Att CO =~=~~= :::: 
1STS ARE ZENO ' > 070981 0088 

c ------------------------------------------------------------------ e1e;9e eeee c e11008 0e0e 
RETURN 071005 
END 871010 0010 
SUBROUTINE CVINFAtA~CHP,CU"SL,HH,HPBS,HSEGS,RMLMAX,DTCA,NRSEC1, 171020 0008 

1CtiHD UC"CP,NTS"AX,"P"AX> 871638 0008 
DI~N§IOH ACNTS~AX,68>, CNPCHP~AX,2>,CUMSLINPMAX> 871058 0008 

e ------------------------------------------------------------------ e11e&e eeee C THIS SUBROUTINE CO"PUTES THE TOTAL ~ENCTH OF SEG~ENTS UHICH ARE 171078 0008 
C EXCAVATED IN FREE AIR JUT HEED CONVEYOR IELT FOR FURTHER 871081 8008 
C EXCAVATION IH CO~PAESSED AIR. IT ALSO COMPUTES THE COST OF 871898 0086 
C CO~PRESSED AIR PIPING 871108 8008 
c ------------------------------------------------------------------ e1111e eeee DTFACH•t. 871121 8808 

UCMCP•t. 871130 0800 
HSEGSA•IAIS <HSECS > 871148 8880 

c ------------------------------------------------------------------ t?11se eeee DO 181 I•1,NSEGSA 871160 8888 
J•NSEGSA-I+l 671178 8180 
H•NRSEG1+J-1 871188 8880 
IF<HSEGS.tT.8> H•NRSEGl-J+1 871198 8888 
"STAB•A<H 31> 871288 0888 
DM•A<H 4&S 871210 et88 
TSECL•A<H 4S> 871220 8888 

C CHECK LASt SEO"EHT IH THE REACH AND SET LOCK P~SITION 871238 te888! 
IFCI.EQ.1l HPLOCK•A<H,2> 871248 8 • 

C CHECK THE POSITION OF AIR LOCK FOR THIS SEG~ENT UITH THE POSITION 871268 8881 
C FOR THE NEXT SEC~EHT IH CO~PRESSED AIR 871260 8181 

IF< AJS<~<N£36ll.EQ.HPLOCK> GO TO 51 =~fi•: :::: 
C CHECK IF T~ SEG~EHT IN CO~PAESSED AIR 8712ge eeet 

IFC~STAJ,NE.1l 00 TO 118 t713te tete 
1
' S~ag~~~.;'g~~~~<~=lJcK>-cu"sL<HPas>> 111J1e •••0 

C FIND THE SURFACE NODAL POINT OF AIR LOCK 871381 lttt 
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DO 11 K•1 J t71J3t eeee 
IF<NSEGS.(T.tl GO TO &I 071341 tt0e 
NN•~S£Q1+K-l 071351 0118 
NPREND•A<HNt2 > 171360 0081 
HPS•A<NN,l7J 071371 0081 
oo TO 11 071~80 a0e1 

II HN•HRSEOl-K+1 8713;0 0011 
HPREHD•A CNN,3 > 8?!411 0011 
NPS•ACNN,ll l 071411 a1e1 

71 tF<NPLOCK.EQ.NPREHDl GO TO ;e 071420 0088 
II CONTIHUE 0?1431 0081 

C CALCULATE COST OF COMPRESSED AIR PIPING 0?1441 8080 
;t DTHLOK•CNP CNPS,2 l-CNP CHPLOCK,2 l 071450 0080 

PUMPLT•DM*S28t.-DLOCK+DTHLOK 1?1460 0881 

S~~~p~~~A~~l c a&.+8.1118JCAVT-0.0880008151CAVT•12 liPU"PtT/OTCA =~i!~: :::: 
GO To 1ee 0114ge eee0 

58 IF <MSTAB.NE.l l OTFACH•OTFACN+TSEGL a71500 0000 
IF<MSTAB.EQ.1.ANO.I.£Q. 1) GO TO 11 071510 8000 

181 CONTINUE 171520 0000 
C CO~PUTE THE INSTALLATION COST OF CONUEVOR IN THE FREE AIR SEG"ENTS 071530 0100 

CLINO• C 0.311SORT<R~t~AX+40. l +1.38 l iOTFAC~/OTCA 0715~0 0000 
RETURN 071550 0100 
END 071560 0100 
SUBROUTINE LOCKLT<A1NSEGS,R~LMAX,"TM,ALOCK,ALOCKL,NTSMAX,NRSEG1l 071570 0000 
OI~ENSION ACNTS"AX,b8l 071580 0000 

c ------------------------------------------------------------------ e11s;e eeee C LOCKLT CO~PUTES NUMBER OF AIR LOCK LOCATIONS AND lENGTH OF AIR 871600 8000 
C LOCK IN A REACH 071610 8000 
c ------------------------------------------------------------------ 87162e eeee ALOCK•t. 071630 ee00 

ALOCKL•30. 8716~0 0800 
M•e 071650 0e0e 
NSEGSA•IABS<NSEGS> 071660 0800 

c ------------------------------------------------------------------ e71&7e eeee C NU"BER OF AIR LOCK lOCATIONS IN REACH 071680 8880 
DO 190 II•1 NSEGSA • 0716g0 0080 
I•HRSEC1+<Ii-t >INSEGSINSEGSA 871700 8800 
~STA8•A C I,31 l 071710 0010 
IF<MSTAB.NE.t > QO TO 100 071720 0880 
~·M+1 071730 0000 

C FIRST COMPRESSED AIR SEG~MT 0717~0 0090 
IF<~.HE.1l GO TO te 071750 0800 
NPLOCK•A<I 36 l 071760 0000 
IFCNPLOCK.tT.0l ~·-110088e 071770 0880 

18 IF<NPLOCK.NE.A <I.36 l > ALOCK•ALOCK+1. 071780 0888 
c ------------------------------------------------------------------ e111ge eeee C LENGTH OF AIR LOCK 871898 0088 

Ir<MT~.NE.3l QO TO tee 071811 eeee 
AR•A<I,Il 071828 0008 
DM•A<I.~6 l 071838 1881 
CARS•C1.+8.7/C DM+2. l >IR"~AXJ C 8.16+8.121DM110.333 071849 0888 

1 +ARI C I.t6+8.t231D~t.12JO"JJI.333 l /311. > 071858 eeee 
IF<CARS.LT.t. > CARS•1. 871869 eeee 
ENQINE•CARSI11. 071878 9011 
IF CEHQINE.LT.l. > ENCIME•1. 871888 9111 
ALOKLT•17 •• CCARSIEHCINE+1.l 8718;8 1001 
IFCALOCKL.LT.ALOKLTl AlOCKl•AlOKtT t?t;ae 1111 
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111 CONTINUE 8'?1~1t eeee 
c ------------------------------------------------------------------ 871i2e eeee C ALOCK • NE~TIVE FOR COOLINQ PLANT FOR FIRST LOCK "OVED ~qo" SHAFT 871~3e tt8t 
C TO GROUND SURFACE AIOUE SECOND LOCK POSITION 871~4t teee 

IF<".LT.I) ALOCK•-ALOCK t71~5e eee0 
RETU!tf4 ntg&e t080 
END e11g7e ee0e 
SUBROUTINE CSETUPIA I,NSEGS NSEQl,IE,HH,!TVPE I SETUSH SETUP~, e7tgse eee0 
1SETUPRtCLES,CEES,c"fS,CFLWWK,CFEWWK,NSTVP,DSE~.6"ES,DRfS,NTS"AX, t71gge 8000 
aNS~AX} 871ggs 

c ------------------------------------------------------------------ e7aeee aeee C CSETUP DETER~INES THE AVERAGE COSTS INVOLVED IN SETTING UD THE 872010 0000 
C NECESSARV EQUIP"ENT TO EXCAVATE EACH SEC~ENT 872028 8008 
c ------------------------------------------------------------------ e12e3e eeee DIMENSION AINTS"AX,68),B<NSS"AX,43l 872050 0000 
c ------------------------------------------------------------------ e?ae&e eeee I~CNSTVP.E0.3> CO TO see 872070 0000 
C INITIALIZE 072088 0000 

UCLSS•0. 072098 0000 
UCESS•0, 872100 0000 
UCMSS•0. 072110 0000 
UCLMS•0. 072120 0008 
ucEMS•e. 072130 eee0 
UCMMS•0, 0721<48 0008 
UCLRS•e. 072150 0000 
ucE~S·e. 0721&0 eee9 
uc"~S·8. 012110 0000 

c ------------------------------------------------------------------ e121&e eeee 
I~<ITVPE.EQ.2) GO TO 200 072198 0000 

C TUNNEL 072200 0008 
C ri~ST SEGMENT IN TH£ REACH 072210 0000 

IF<I.NE.NSEG1> GO TO 158 072220 0000 
C DETER .. INE THE TOTAL LENGTH OF SHIELD, ~OLE AND RIPPER EXCAVATED 072238 0008 
C SEGMENTS IN A REACH 072248 0000 

DSES•e.000eee1 072250 0000 
D~ES•e.e000001 072260 0000 
DRES•e.e0eee01 072278 00ee 
HSEGSA•IABS CNSEQS) 072288 0000 
DO 108 NN•1,NSEGSA 872298 0008 
"•NSEC1+<NN-1>sNSEQS/NSEGSA 872300 0000 
"EX•AC!II, 7 l 072310 0000 
TSEGL•A<M.~S > 072320 0000 
IFC .. EX.LE.l.OR.MEX.G£.6> GO TO 100 072330 0800 

C SHIELD 072340 00e0 
1F<"EX.GE.3> DSES•DSES+TSEGL 072350 0808 

c MOL£ 872360 e000 
IF<MEX.t£.3) D"ES•DMES+TSEGL 872370 0808 

C RIPPER 872388 0000 
IFC"EX.EO.S> DRES•DRES+TSEGt 8723;0 88te 

181 CONTINUE 072408 0010 
lSI "E><•A<I 7l 872<418 8000 

IF<MEX.(E.t.OR.MEX.QE.6> QO TO <41t 872<420 0888 
C SHIELD SET UP COSTS 872<430 0880 

IF< .. EX,LT.3) GO TO 160 8724<40 eeee 
UCLSS•<atti8.+3.SHH+<4&.l1Eas2l*SETUSH 872<458 eeee 
UCESS•I2ttl.+l,f41IEIHH+21.*8EJS2)15£TUSH e877~167e0 t818t88t 
UC .. SS•t7tt.+t.1lHH+2.SIIIE-6.)1l2)*5£TUSH 172~~88 eete 

C MOLE SETUP COSTS ~ 
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111 JFC"E~.QT.3> QO TO 1?1 872~81 teet 
UCLfti•C5tllt.+1S.IHH+1S2.1<1E+12.>ali>lSETUP" 072580 8888 
UCE"S•<IIIti.+I.IHH+23•.1<1£-11.>118>1SETUPr. =~~~i: :::: 
UC""S•IS.IIE1121SETU'" 87 2 53& &&tl 

C ~J,ER SETUP COSTS 5 w vw 
11t JF<N:X.H£.6> QO TO <481 8725~1 0801 

UCLRS•<<4tlt.+HHIC1.+8.15t8E>+&.811EII2laSETUPR 872560 0881 
UCERS•<1tll.+t.71HH+1.SS<8E+S.lal2>aSETUPR 872568 0888 
UC~RS•<1S8.+t.881HH+I.21IE112>1SETUPR 872578 0081 
CO TO <411 8?2588 0888 

e -------------------------------------------------------,----------- e?as;e eeea C SHAFT 872688 tttl 
211 IF<I.NE.HSEC1 l CO TO 368 872610 tete 

DSES•e.tllt8et 872628 aeee 
D"ES•I.Ittl181 872638 teet 
DRES•t.8tlttl1 8726<40 0810 

C DETER~IHE THE TOTAL LENGTH OF SHIELD AND MOLE EXCAVATED 0?2650 1880 
C SEG~ENTS IN A SHAFT 072660 tttt 

SETUSH•t. 072670 8800 
S£TUPM•8. a72680 aeee 
DO 388 HN•1.NSEGS 072690 8880 
M•NSEG1+NN-1 072700 8800 
MEX•ICM.7> 072710 8800 
SSEGL•IC".3S> 072?20 tete 
IF<"EX-2> 3tt.22t.21t t7273e eee0 

C SHIELD 8727<40 8800 
211 DSES•DSES+SSEQL 872750 8800 

IF<SETUSH.LT.1. > SETUSH•1. 872760 8800 
IFC~X.EQ.~> QO TO 318 072770 8800 

C MOLE 872780 8800 
221 D"ES•DMES+SSECL 0727g8 8808 

IF C SETUPI'I. L T .1. > CO TO 261 872880 8800 
IFC"EX.EQ.2.AND.~EXP.EQ.3> SETUP"•SETUP"+8.125 872810 8800 
co To 381 872820 e0ee 

251 SETUPM•1. 872838 8800 
311 I'IEXP•~EX 0728•0 8000 

c ------------------------------------------------------------------ e?asse eeee 
C 

351 :~~E~~1 §lfu~ COSTS =~~~~= :::: 
IF<~EX.LT.3> GO TO 368 072880 0880 
UCLSS•<2t8t.+i38.18E>ISETUSH 0728i0 0881 
UCESS•CStt.+1~.1CIE-5. >112>*SETUSH 072;00 0810 
UC"SS•C388.+<BE-3.lii2>1SETUSH 0?2g10 8880 

C ~OLE SETUP COSTS 072i2t 0888 
361 IFC.NOT.C~EX.EQ.2.0R.~EX.E0.3>> CO TO ~tt 072i3t 0080 

UCLMS•C131.JCIE+S. )112+65888. liSETUPM 072g~e 0tte 
UCE"S•<16S.JCIE-18. )JJ2+288ti.>ISETU~~ 8?2gse 8888 
UCM~S•<Jt.a<JE-11. lll2+328t. llSETUPM 872;68 0808 

c ------------------------------------------------------------------ e?2G7e eeee C TOTAL SETUP COSTS 872888 1088 
<411 CLES•<UCLSS/DSES+UCLI'IS/D~S+UCLRS/DRES>IC~L~WK 872ige 08et 

CEES•CUCESS/DSES+UCE"S/D~S+UCERS/DRES>tCFE~WK 873888 1808 
CMES•UCI'ISS/DSES+UC~MS/D"ES+UC~S/DRES 173818 0888 
RETUR~ 173tat 0881 

c 873138 8818 
511 CLES•t. 1731.8 etll 

CEES•t. 173151 8811 
CMES•t. 873161 ettl 
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------------------------ ------
ltETUftf'4 n~t7e 8ete 

IOi~touTIHE eoE~<CLEtCEE.c"E~ITvP£6"Ex~ARtJE,Rs6IsHAPE,sFA6sFPL =~~::: :::: 
1 PSOIL,ST~INO~DTR~CH DR CK ~ID SL, VI ~ USOI~, VR CK,~HI, t731tt tete 
I DCENT,HOUitS,v,D".~StAJ,CF(CA,CFL~WK,:~EUUK,NSTVP l t7311t 08tt 

c ------------------------------------------------------------------ 173121 aeee 
c ------------------------------------------------------------------ 173131 eeee C COEM CALCULATES E~CAVATION COSTS Ih TUNNELS AND SHAFTS t731~t tete 
c ------------------------------------------------------------------ t731St eeee 
c . ------------------------------------------------------------------ t7316t eeee IF <NSTVP.NE.2 l CO TO 11t 173178 e&&a 
C C~LCUL~TE YEIGHT OF SHIELD 873188 eeee 

~;tisHAPE.EQ.3 ) F•1.56 =~~i~: :::: 
IF<ITVPE.EQ.2.AND.ISHAPE.EQ.2 l F•2. 173218 8000 
~TSHLD•<t.8371SQRT<Bl.+FIIEil2l-0.t38 liPSOILISTABHOli21SFP 873228 0008 

c ------------------------------------------------------------------ e7323e eeee 111 IF<ITVPE.EQ.2 l GO TO 181 8732~8 8008 
C CALCULATE UNIT COST OF TUNNEL E~CAVATION 873250 0008 
C CHECK TUNNEL EXCAVATION ~ETHODS 873268 0000 

GO To <12t1 220,328,42t,52t,s2e.sae > .~E~ 873279 0000 
C ROCK TUNHE~ 073288 000a 
C CONVENTIONAL EXCAVATION 8732g8 0008 
· 121 GO TO <121,122L123 l ,ISHAPE 873388 0808 
C SHAPE IS C!RCLt 073318 0088 

121 UCL•e.t71<BE+4t. >tl2-11e. 073328 00ee 
ucE•e.e~&I<B£+15. >112 873330 0000 
UC~·SFAISQRT C RSliJEII2/28tt.+ < 8.111 < BE+10. l ll2·25. l/AR 0733~8 00t0 
GO TO 124 07335t 00e8 

C SHAPE IS HORSESHOE 073361 0898 
122 UCL•t.881<BE+4t. )112-118. 073379 00tt 

UCE•t.tSI<I£+15. )112+4. 873381 0091 
UC~•SFAISQRT < RS liBEII2/2888. + Ct . 121 CBE+1t. lll2-22. l/ AR t733ge 0088 
GO TO 124 873~8e 0088 

C SHAPE IS 8ASKETHAHDLE 873~18 0088 
123 UCL•t.111Ell2+6t . t73~28 0008 

UCE•t.t41 <BE+S . lll2+17. 873~38 0088 
UC"•SFAlSQRT <RSliiE112/ 2ett. + <t.131 <BE-5. )112+14. l/AR 973~48 8008 

124 CONTINUE 873458 8008 
c.o To see 873460 ee08 

C "OLE EXCAVATION 173478 1088 
22t UCL•t.t211BEI12+55. 873480 8808 

ucE•t.t481BE112 013~g8 8808 
UC~•<5eee.+RS+1288ti, /ARliiEII2/228888. 873518 eee8 
c.o To aee 873518 ee8e 

c ------------------------------------------------------------------ t7JS2e eeee C SOFT GROUND TUNNEL 073538 8808 
C ~OLED 873548 teet 

328 UCL•<SS.+8.02111E112 l iCFLCA 173560 t8t8 
UCE•t.t4811Eil2+t.eett351~TSHLD 073561 8811 
UC"•<e.e~S+t.I21HOURS/ARll8E112+ ( 1.5+t.eSIIElfHOURS/AR 873578 8888 
oo TO see t7358t e8ee 

C HAND EXCAVATED 0735;t 8888 
~It UCL•Ct.li<IE+S. lll2+3l.llCFLCA 073618 eeet 

UCE•t.t21<1E+7.)112+t.etet3SI~TSHLD 173611 eett 
~g~Tb'iltt.2SIJE)IHOUR$/AR =~~=~= :::: 

C RIPPER E~CAVATED t736~t 0tte 
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511 UCL•<&t.+t.tta<IE+~. lll2)lCFLCA 073669 0008 
UCE•11.+8.811E+t.eeee3SlUTSHLD 073669 eeee 
UC"•<S.t+t.tSIIEllHOUA$/AR 0736?0 0088 
QO ro aee 073680 eeee 

c ************'********************••••*******'****••••••••••••••••• 0?3s;e 0eee C CUT AHD COVER 073~88 0008 
821 JF<DROCK.QE.DTRNCHl QO TO 7ee 073710 8008 

C OPEN CUT IHVOLVINQ ROCK EXCAVATION 073720 0008 
VROCK•IEl<DTRNCH-DROCKl/27. 0?3730 0088 
UCLROK•?1.+t.SSlAAtUROCK/HOURS 0737~8 0088 
UCEROK•1S.+C8.4+8.9036tDTRNCHllARtVAOCK/ HOURS 073750 0088 
UC"ROK•C1.1+8.8886tCDTRNCH+DROCK l ltUROCK 0?3~60 0008 
IFCUCLAOK.LT.84.75l UCLAOK•84.75 073770 0000 
IFCAAlUAOCK/HOURS.LT.25. l UCEROK•15.+C8.4+0.0835tDTRNCH Jt25. 073780 8800 
IFCDROCK.QT.e. l GO TO 658 0737;0 0000 

C ALL ROCK • NO SOIL EXCAVATION 073890 0a00 
USOIL•0. 073810 0090 
DCENT•0. 073820 0000 
UCLSOL•0. 073830 0000 
UCESOL•0. 073840 0000 
UC"SOL•0. 073850 0000 
co ro 750 073860 ee00 

C SOME ROCK. SOME SOIL EXCAVATION 073870 0000 
c ------------------------------------------------------------------ e13aae eeee C SOIL EXCAVATION 073890 0800 

658 VSOIL•<BE+DROCKtSIDESLllDROCK/2?. 073900 0000 
DCENT•DROCKIC1.518E+DROCKISIDESL)/C8E+DROCKISIDESL)/3, 073910 0000 
IF<SIDESL.LT.l.l GO TO 6?0 073920 0000 
IFCARlVSOIL/HOURS.LE.See. > GO TO 679 0?3930 0000 

C SOIL EXCAVATED IV SCRAPERS 073;40 0900 
668 SCRAPR•ARIVSOIL/HOURS/C2;0.-8.91DCENTl 073950 9800 

IF<SCRAPR.LT.l.l SCRAPR•1. 073960 8000 
PUSHER•SCRAPR/~. 873970 0090 
lFCPUSHER.LT.l.l PUSHER•l. 073;80 0000 
UCLSOL•17,+8.0lCSCAAPR+PUSHERl 873990 0800 
UCESOL•19.lSCRAPR+10 •• PUSHER 07~000 0090 
UC"SOl•CS.SJSCRAPR+3.8tPUSHER>lHOURS/AR 07~010 0800 
QO TO ?58 07~020 0000 

C SOIL EXCAVATED IV DRAGllNE 07~030 0800 
678 8UCMIN•l8.-0.7tSQRTC160.-DROCKl 07~040 0000 
688 8UCKET•2.51<ARIVSOIL/HOURS/C1.0S-0.0801~tCPHI-59.)112 l -~0.l 07~050 0080 

1 /(178.-DCEHTl 074060 0088 
IF<BUCKET.tT.BUC~INl 8UCKET•BUCMIH 07~070 0088 
UCLSOL•19.8 074080 0090 
UCESOL•13.8+8.85t8UCKETtl2 87~0g0 0808 
UC~SOL•1.1*BUCKETIVSOIL/ C 48.+8.~1<1?0.-DCENTliBUCKETl 07~1&0 0080 

1 /C1.es-8.eee141<PHI-se.>ta2> 01~110 0eee 
GO TO 758 87~120 eeee 

c ------------------------------------------------------------------ e?~tle eeee C SOIL EXCAVATION ONLV, NO ROCK EXCAVATION 07~140 eeee 
10e VROCK•e. 07~150 eeee 

UCLROK•e. 87~168 1000 
UCEROK•8. 87~178 teee 
UC"ROK•I. 07~188 1800 
USOIL•CIE+DTRNCHtSIDESL>IDTRNCH/2?. 0?~1ge 8800 
DCENT•DTRNCHI<1.StiE+DTRNCHISIDE$L)/CJE+DTRNCHISIDESll/3. 87~200 8800 
IF<SIDESL.LT.ll QO TO 721 87~218 8881 
IF<ARJVSOIL/HOURS.QT.&Ie. > QO TO 660 874228 8181 
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?It IUC"lH•lt.-t.?ISQRT<l&I.·DTRHCH> ~7.230 8800 
oo TO ••• e1•2~e e0ee 

c --·--------------------------------------------------------------- 0742Se eeee C COSTS OF IACK~ILL 8?.260 eeee 
?SI V•UROCK+VSOIL 074270 8000 

UCLIAK•82.t 07.280 eeee 
UCEJAK•3a.e 8742~~ ee~~ 
IFCARICV•UIOXl1HOURS.LE.12t8.) GO TO 768 ~v vv 
UCLIAK•82.1CV•VIOX>IARIHOURSI1200. 0743tt 0000 
UCEIAK•32.l<V-UIOX>IARIHOURSI120t. 074310 eeee 

"768 UC~IAK•t.t1tCU-VI0X) 074320 0000 
UCL•UCLROK+UCLSOL+UCLJAK 074330 0000 
UCE•UCEROK+UCESOL+UCEJAK =~:5~: :::: 
UC~•UC~ROK+UCMSOL+UC~IAK 074360 0000 
oo To see 074370 0eee 

c ************************************•****••••••******************' 074380 0eee C CALCULATE UNIT COSTS OF SHAFT EXCAVATION 074390 0008 
111 IF<HSTVP.EQ.3l GO TO See 074~00 0000 

GO TO C140,2~8,3~t.~40>,~EX 074410 0000 
C ROCK SHAFT 074420 0000 
C CONVENTIONAL 07~430 0000 

1~0 UCL•3e.+4.251BE 074440 0000 
UC£•8.+2.218£ 074~50 0000 
UCM•ce.t1+RSI200eeet.>IBE112 + C.S+RSI400e8.+3.41AR>IBE + 5. 07~460 0000 
GO TO see 074~70 0000 

C "OLED 074486 0000 
248 UCL•0.0321BE112+S4. 074490 0000 

UCE•8.8721BEI12 074500 0000 
uc"•c5eee.+RS+1aeeet.IAR>IBE1t211500ee. 07~510 0000 
GO TO see e7~520 0000 

c ------------------------------------------------------------------ e?•sJe eeee C SOFT GROUND SHAFT 07~540 0000 
c "OLED 07~550 0000 

341 UCL•<0.832*BE*12+84.elrCFLCA 074568 0000 
UCE•8.t7218E1*2+e.eeee35*YTSMLD e7~570 0000 
UCM•C8.e46+0.e3tHOURS>aBE112+Ce.S+0.05*BE>&HOURS/AR 0745S0 0000 
GO TO see 074590 0000 

C HAND/SHIELD 07~608 0000 
448 IF<ISHAPE.EQ.ll UCL•63.81CFtCA 074610 0000 

IF<ISHAPE.E0.2> UCL•78.01CFLCA 07~620 0000 
UCE•7.48+8.8000351YTSHLD 874630 0000 
UC~•C3.70+0.e51BE>IHOURS/AR 074648 0000 

See CLE•UCLI<HOURSJCFLUUK+VJD~)/AR 074658 0000 
CEE•UCEIHOURSICFEUYKIAR 07~660 e000 
CME•UCM 074670 0e00 
~o TO ~ea 07~680 ee00 

c ~ ~ v 074&;0 00ee 
see CLE•e. 074700 e0ee 

CEE e 874710 ee0e 
• • 874720 0eee 

c CME•e. 074730 e00e 
gee RETURN 874740 eeee 

END e7~750 eeee 
SUIROUTINE CMUKLDCC~L,CEML 1C"~L1 ITVPEL~E~,AR1DMLV,V,R~V,RML~X. 874760 00ee 

l "STA ,CFl~A,CF~WWK,C~EUWK,HoUR~> 874770 eeee 
c ------------------------------------------------------------------ e?~?ae eeee 
c ------------------------------------------------------------------ e747;e eeee C C"UKLD CALCULATES THE COST OF MUCK LOADING IN TUNNELS AND SHAFTS 87~See eeee 
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c ------------------------------------------------------------------ e?•ata eeee c ------------------------------------------------------------------ e1~aaa eeee I'<ftE •• EQ.l.OR."EX.EO.•> CO TO 1tt 074833 teee 
c ------------------------------------------------------------------ e?4&~a Gtea C ~O~DIHQ COSTS ~R£ ZERO FOR "OlE OR RIPPER EXCAU~TIO~ AHD FOR 074858 808t 
C CUT•AHD•COVER SEQ~NTS 07.868 8088 

st cl"~·• 07.878 eeee 
CE~L•t 07.888 t0tt 
Cft~L·t 07.881 80ft 
QO TO 3tt 07.i80 0088 

c ------------------------------------------------------------------ e1•i1t eeee C CHECK FOR TUNNEL OR SHAFT 074820 8088 
111 IF(ITVPE.EQ.2 l QO TO 288 874830 tete 

c ------------------------------------------------------------------ e?~;~e eeee c TUNNELS 07.85e t08t 
UCl•8.3tlCFlCA 074960 teet 
ucE•J,S8 07.970 t8ee 
IF < R~lMAX.GT.tee.) UC£•6.68 07.980 0000 
IF <R"lMAX.GT .Jee.) UCE•12.g0 07.990 8000 
uc"•e.02 075000 eeee 
co To 268 075810 eeee 

c ------------------------------------------------------------------ e?seee eeee C SHAFTS 075030 0000 
2ee IF ( ~Ex.Ea •• , ao ro 5e 075040 eee0 

UCL•i.301CFlCA 075050 8000 
ucE•3.5e 075060 e0e0 
ucM•t.5e 075070 e0ee 

c ------------------------------------------------------------------ e1seae eeee C CALCUlATE "UCK lOADING COSTS 875090 0800 
25t ClMl•UCL* CHOURSICFlYWK+VIDM >/AR 075100 8000 

CEMl•UCE*HOURSrCFE~WK/AR 075110 0800 
c~Ml•uc~•v 075120 e0ee 

38t RETURN 875130 0000 
END 075140 0000 
SUIROUTINE C"TAHCClMT CE~T.C~"T CL"H CE~H.CMMH ITVPE."T" D",AR 075158 0000 
1HSFA,VtHH,liNINC.RMl,,"l~AX1HSL6PE.BtLISHAPEfR{,uctT,UCEf1v.uc{~H. 075160 8000 
2HSCA,U~EMH."STABfOlOCK,CLINu,HOURS.OP~N1DCEN ~V ACEX,VIAC~S,VBOX~ 075170 0880 
3 VSOIL,VROCK, OTIOX,CFLU~K.CFEWWK,CF~CA,DD~.HSTVP.DTR~CH,DROC~ ) 075188 0800 

c ------------------------------------------------------------------ e?s1;e eeee c ------------------------------------------------------------------ e1saee eeee C C"TAH CALCUlATES MUCK TRANSPORT COSTS IN TUNNElS AND MUCK HOISTING 075210 0880 
C COSTS IN TUNNElS AND SHAFTS. IT AlSO CAlCUlATES COST OF TRANSPORT 075220 0808 
C FOR IACKFILL IN CUT-AND-COUER TUNNEl. 075238 0800 
c ------------------------------------------------------------------ e1s2•e eeee C SHAFT OR TUNNEl 075250 0088 

IF<IT~PE.EQ.2l GO TO 618 075260 eeee 
c 075278 eeee 
c ------------------------------------------------------------------ e1sase eeee IF(NSTVP.EQ.3> GO TO 2188 0752~0 ttt8 
C COST OF MUCK TRANSPORT IN TUNNELS t753et teet 

oo TO cae.se.•e.ae,.~T~ t7S310 eeee 
c -------------------------------------------- 875321 •• ,. C TRUCK TRANSPORT Z• TRUCK VOLU"E/~ t7533t tttt 

2t IFCISHAPE.L£.2) Z•S.e • t.tt1l(7t. - IE>a•a 075341 tete 
IF(15HAPE.EQ.3> Z•4.S- t.&•CIE-SI.)*I•/22tet. 875358 tete 
TRUCKS•t.t&rR~l"A~/ZIDftlte.? 875368 tete 
IFCTRUCKS.LT.l. > TRUCK$•1. 875378 teet 

c -------------------------------------------- t7&381 .... 
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UCL•?.?ITRUCKS+?.l 
UCE•ct.&+3.ltZ >tTRUC(S 
U~•t.t51(1,+1.771AIS<HSLOPE lliD" 
00 TO 411 

--------------------------------------------

a?sJge eeae 
8?S<4t0 eeee 
075<410 e8ee 
9"5<420 18et 
0"5<438 eee1 
t"5••• eeee 
•n•se eeee 
975 .. 68 0eee 
875 .. 70 8ett 
815<488 eeee ns .. g0 eeee 
t755ee eeee 

cAicuiArtoN·o;-Nu"a£R-o;-[NatNEs------------ t?551e eee0 
EHQIHE•CARS/ 11. =~~~3: :::: 

66 IF<EHCIHE.LT.1. > EHQINE•1. 8755<41 0888 
UCL•lS.IEHGIHE+?.l<41 CD"+1. l+AR; 12. 875558 8888 
UCE•5.8tENGIHE+CAAS+1.<41D~ 075560 8080 
uc~·I.IJtD~ 075S?t ee0e 

c ~~-!~-~~~----------------------------------- =~~~~= ==~= C RAIL TRANSPORT - CO"PRESSED AIR 875688 tete 
c t756te 0000 
ltte DCR•t.11D~I528t. 875621 teet 

c 

c c 

c 
c 

c 

DCA•DM-DLOCK/ 5280 . 175638 tt8t 
IF<DCR.QT.5te. > DCR•5tt. 1756<48 8008 
CARS• <1.+t.?;CD"+2. >>tCAAS 175658 0888 
IF<CARS.LT.1 . > CARS•1 . 875668 tttl 
EHQIHE•CARS/ 11. 8756"8 0808 
IF CEHGINE.lT.1. > ENQIH£•1. 875688 0000 
CAlCULATE HUMBER OF CREUS INSIDE AND OUTSIDE THE AIR LOCK 8756it 0000 
CREUAD•l.-ENGIHEII<4/ <4t8t. 875781 1008 
IF<CREWAD.LT.e. > CAEUAD•e. 875?18 8018 
CREUS•EHQINE+CREUAD 875721 0088 
CREUCA•l.+ < CREUS-2 .> &<DMIS288.-DLOCK-8.51DCR >;C D~I5288.-1.5JDCR > 875738 8888 
IF<DLOCK.LT.DCR > CAEUCA•CREUS-1. 8757<48 8000 
IF<DMtS288.-DLOCK.tT.t.51DCA > CREUCA•l. 875758 tete 
UCL•1.St<CREUS+<CFLCA-1. >JCREUCA >+ARICFLCA/ 12. 875768 1800 

1 +?.1 .. 1CD"+1. )J CDLOCK/ S28t.+DCAtCFLCAl/ D" 8757?8 1000 
UC£•g,JtENQIH£+CARS+1 . .. tD" 875788 tt08 
UC~•t.833tD" t757it 1801 
00 TO <4tt 875880 tete 
------------------------------------------------------------------ e?sste eeee CONUEVOR TRANSPORT - FREE AIR 875828 88tt 

&I UCL• C 8.813JAR+8.6JDM >JSORTCR~~AX+<4t. > +t . t6JAA-1.11DM 175831 tt8t 
IF<HSLOPE.GE.e.e > UCECOH• << 1.+<4.t HSLOPE >ISQRT<RML"AX+ .. t. >-26 .1 8758"8 8188 

1 HSLOPE-1.S>ID~ 175858 tttt 
IF<HSLOPE.LT.I.t > UCECOH•<SORT<RMLMAX+<41 . >+6.1 HSLOPE-1.5 )10" 175861 8881 
IF <HSLOPE.QE.e.t> UC"COH•<t.t1+t.23•HSLOPE >JD" 875871 eete 
IF <HSLOPE.LT.t.t l UC"COH•t . tllD~ 875888 eeee 
UCE~T•I. 875881 8tet 
uc,.~T·e. 11sgae ette 
------------------------------------------------------------------ 175811 •••• IFC~STAB.NE.l ) QO TO 11tt 17SSI2t teet 
COHVEVOR TRANSPORT - CO~PRESSED AIR 1t775S!~! 8t 1te11t DCA•D"·DLOCK/ 6211. •~• 
UCL•UCLI<DlOCK/ S211.+DCAtCFlCAl/ D"+7.7tCFLCA+16.8 e

1
?
75

&!
6
&tt 1

1
!t
11

t 
COST OF ~CK TRA"SFER IN AIR LOCK • • 
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COSTUN Listing (ContinuPd) 

uc£"T•I.11 e?;g?e 0eee 
IFCR"L"~X.LE.ltl. > UCEMT•~.&e t?;gae teet 
IF<R"L"AX.GT.311> UCE~T·l~.gt t75;;e 8eee 
uc""'•t.ea 176811 0818 

1111 UCE•UCECOH+UCE"T 8?6118 88tl 
UC"•UCMCOH+UC""T 176028 8881 

C STORE COST VALUES FOR USE IN LINING COMPUTATIONS CSUI LINI~G > 176838 8ate 
UCLT•Ct.&JSQRT C R"LMA~+48. >-1.1 lJDM 076148 8888 
UCET•UCE 176151 8111 
QO TO 411 876868 8~88 

t ------------------------------------------------------------------ e7&e7e eeee 
c ------------------------------------------------------------------ e7&eae eeee C COHUEYOR AHD TRUCK <FOR COMPRESSED AIR SEG~EHT ONLYl 8768g0 8100 

It IFCMSTAI.NE.l l GO TO 21 076180 8888 
IF CDLOCK.L£ .8.811 > GO TO 68 076110 8888 
DCA•DM-DLOCK/ 5280. 876128 8880 

C TRUCKS IH FREE AIR 076130 8080 
IF CISHAPE.LE .2 l Z•5.8 - 0.881t C78. - BE lJJ2 076140 8800 
IF CISHAPE.EQ.3 l Z•4.5 - 8.5lCBE-58. )JJ4/ 22088 . 076150 8000 
TRUCKS•t.86JAMl"A~/ZI<DLOCK/528t. lJJ0.7 876160 8800 
IF CTRUCKS . lT.1. l TAUCKS•1. 076178 8100 
UCETR• <1.S+3.1JZ lJTAUCKS 076188 8800 
UC~TR•8.85J C 1.+0 .771ABS < HSFA >>JDLOCK/ 5280. 8761g0 0000 

C CONVEYOR IN CO"PRESSED AIR 876280 8800 
UCECON•DCAJC C1. +4 . JHSCA l 1SQRT < A"LMA~+48 . >-26.JHSCA -1.S l 876218 8000 
UC~ON•DCAJ<0.t1+0.23JHSCA l 876220 0000 
IF CHSCA .GE.t. l GO TO 1208 876238 8000 
UCECON•DCAJCSQAT C RML~AX+~0. l+6.JHSCA -1.5> 076240 8008 
UC"CON•8.81JDCA 876250 8000 

C COST OF MUCK TRANSFER IN AIR LOCK 076260 8008 
1211 ucE"T•8.t0 076278 0000 

IF < A~LMAX.LE.1t0 . > UCE~T•4.5t 076280 8000 
IF CR"LMAX.GT.3t0.> UCE~T•14.g 8762~8 0888 
uc""T•0.82 t76300 0ee0 
UCL•CCI . 813JAR+8 . 6JDCA l JSQRT<RML"AX+~8. )+8 . t6tAA-1.1JDCA >JCFLCA 076318 8008 

1 +7.7l CTRUCKS+CFLCA >+23.g+CLINDtAR/ HOURS 876320 8088 
UCE•UCECON+UCE"T+UCETR 876330 0000 
UC"•UC~CON+UC~"T+UC"TR 876340 0880 

c ------------------------------------------------------------------ e?&Jse eeee C CALCULATE ~UCK TRANSPORT COSTS 076360 8880 
c -------------------------------------------- e?&l?e eeee 488 CLMT•UCLJHOURSICFtUUK/ AA 876380 8880 

CEMT•UCEJ~OURS/ARICFEUUK 0763~0 8888 
C"MT•UC~JV 076488 et88 
IF<HH.CT . t. > GO TO see 876410 0888 

C SHAFT IS A PORTAL, HOISTING COSTS ARE ZERO 876428 1808 
388 uct•8. 876438 t88t 

ucE•e. 876~48 t88t 
ucM•e. 0764st ee0e 
ucLIND•0. 076461 eeee 
Go To ?ee 87647t 0ee0 

C COST OF BACKFILL TRANSPORT IH CUT AND COVER 076488 8111 
atet DCEHT•<DCENTtVSOIL-UIOXICDTRHCH-TOTBOX/ 2. >l/C V-UIOX> t764gt 8118 

IF<DROCK.LT. DTRNCH > DCENT•DCEHT+VAOCKt<DTRNCH+DROCK l/2. / CU-UIOX> 176Ste 1808 
TRUCKS• < t.I2+ < 0PEN+DCENT/t.1 >/7SIII. lJUIACEX& CU-UBO~>lAR/HOURS 176518 1080 
IF<TRUCKS.LT.t .> TAUCKS•1 176521 8088 
UCL• < 1t.+C15.5+~.7JDDS>IUIACDStCU-VBOX liAA/ llte. >124. / HOURS 176638 1118 

1 +1.21+6.2&tTRUCKS 87&548 till 
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COSTUN Listing (Continued) 

UCE•<I.+ < 12.S+2.11DDS >IVI~CDSI C V•VIOX >IAA/1ftt. >•24. 1~0URS 076SSa 0808 
1 +1.4t+a.7tiTAUCKS 076563 ee0e 
UC"•t.tS&IDDSIVIACDS+t.t8ffSI<OPEN+DCENTi f,1 >1VIACEX &76S7f ~&&f 

1 +8,2tHOURSIAAI CV•VIOX l t76S80 eeee 
CALCULATE COST OF IACKFILL TRANSPORT PER FOOT OF TUNNEL 076sge 8000 
CL"T•UCLIHOURSI~RICFLUWK 076681 0000 
CE"T•UCEIHOURSI ARICFEUUK 076618 0008 
C~"T•UC"I C V-VIOX l 076628 0000 
RESET UNIT COSTS TO ZERO SO ~UCK HOISTING COST UILL IE ZERO IN 076630 0000 
CUT-AND-COVER 076648 0900 
oo To Jet 876650 0000 
******•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 876668 ee0e CALCULATE UNIT COST OF "UCK HOISTING IN TUNNELS 076670 0000 

588 UCL•3S.+e.eeJIHHI C 1.+e.e0aiR~L"AX >+0.0161RMLMAX 076680 0000 
UCE•18. + e.tJIR"LMAX 0766;e 0000 
UCM•e.e5 076700 0000 
UCLIND• C 58880.+e.e41 C gee.+HH l lRML~AX l1RL 076710 0080 
oo To 7ee 076720 0eee 
------------------------------------------------------------------ 076730 eeee CALCULATE UNIT COST OF MUCK HOISTING IN SHAFTS 076740 eeee 

see UCL•e. 076750 eeee 
ucE•e. 076760 eee0 
UCM•e. 076770 e000 
UCLIND•t. 076780 0000 
IF<NSTVP.EQ,J l QO TO See 076790 0000 
UCL•2;. + e.et21HHI(1,+t.808lR"LMAX) 076800 8080 
UCE•3.+8,f4lRMLMAX 076810 0080 
ucM•e.e5 0768a0 e00e 
UCLIHD•0. 076830 8000 

c ------------------------------------------------------------------ e?&B4e eeee C CALCULATE ~UCK HOISTING COSTS 876850 0008 
781 CLMH•CHOURSlUCLI AR+UCLIND >lCFLYWK 076870 8800 

CE~H•HOURSIUCEIARICFEWYK 076880 8890 
C~MH•UCMlVlHH/1888. 076890 8808 
co To 758 015;00 e000 

aee CLMH•e . 076910 e0ee 
cE~H·e. 076Q20 0000 
c~~H·8 e76;Je 000e 

768 CONTINUE 076i40 8888 
C STORE COST VALUES FOR USE IN LINING COMPU!ATIOH 076i50 0889 

uct"H•UCL 076g60 00e0 
c 

c 
c c 
c 
c 
c e 

UCEMH•UCE 076978 0080 
076988 0000 

RETURN e76;se e0ee 
END 977888 0e00 
SUBROUTINE C~UKDP ! Ct"D,CE~D.CM~D.AR,V,CDS,DDS,VDS,NSTVP,HOURS, 877818 0089 

1 CFLUUK,CFEUUK,ITVPE> 077828 tete 
------------------------------------------------------------------ t77eJe eeee 
------------------------------------------------------------------ t7?e~e eeee C"UKDP CALCULATES THE COST OF ~UCK DISPOSAL FOR TUNNELS AHD SH~FTS 877851 8888 
------------------------------------------------------------------ e7?e&e eeee 
------------------------------------------------------------------ e??e?e aaee IFCITVPE.EQ.2.AND.NSTVP.EQ,J) GO TO 188 

CALCULATE UHIT COST OF MUCK DISPOSAL 
V"KDP•V 
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COSTUN Listing (Continued) 

1' CNIT~.EQ.3l VMKDP•VDSJU 87~120 0888 
UCL•Ctt.+C1S.5+4.71DDS>•V~KDPtAAI 18t0. l*i4.1HOURS 877130 teet 
UCE•CI.+C1i.S+I.111DDSltU~KDPtARt11tt. lJ24.tHOURS t'714e 1888 
UC"•I.ISSIDDS 8771St 8881 
UCDS•CDIIU"KDPII.tttt3 877160 0888 
C~LCUL~TE COST OF MUCK DISPOSAL 877178 teet 
CL~D•UCLJHOURStAAICFLUWK 17~180 0818 
CEftD•UCEJHOURSIAAICFEUUK 8771;t tete 
Cft"D•UCDS+UC"IVftKDP t7728t 8880 

c 

Qo TO ate 877210 eee8 
c t77220 eee8 

111 CL~D•t. 877230 tete 
CEftD•I. 87?2•t 0810 
c""D•t. 077250 0eee 

c 87?260 8000 
211 RETURN 877270 9088 

c 
c 
c c 
c c 
c 
c 

c 
c 
c 
c c 

c 

END 877281 00ee 
SUBROUTINE CTSUP<CLTS,CETSfCMTS,RQOtMEX,ISHAPE,BE,AR,RS(BE40,BE60 0772~0 0000 

~.~~~l~N~t0t~~~~l~~~~~A~~g~:st·6~t0~~~c~~8u~~g~tu~~86b~~~6~,ioEcK, =~~~~= :::: 
3DRO~K,UTS RT,UTUALE,S~DLT,U SPD,WT~P.UTAN~H,TOTB X,IBRA~E.SFA > 077320 8000 
------------------------------------------------------------------ e7733e eeee 
------------------------------------------------------------------ e773~e eeee CTSUP CALCULATES THE COST OF SUPPORTS IH TUNNELS AHD SHAFTS 077350 8000 
------------------------------------------------------------------ e7736e eeee 
------------------------------------------------------------------ e7737e eeee IS IT A ROCK TUNNEL OR SHAFT 877380 8000 
IF CNSTVP.EQ.1> GO TO S 9773~8 0008 
II IS A FLOY INDICATOR 077400 8008 
II·~ 077~18 e0e8 
IS IT A SOFT GROUND TUNNEL OR SHAFT 077428 0000 
IF CNSTVP.EQ.2) GO TO 1111 877438 8088 
Go To 1s11 077440 e000 

877450 ee00 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 877468 0000 ROCK TUNNELS AND SHAFTS 877470 8908 
•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 077•80 e000 e774~e e000 

5 IFCITVPE.EQ. 2 > ISHAPE•1 077508 8080 
£•2.71828 a11510 0000 
IF<ROD.GT.4t •• ANO.AQD.LT .6t. > GO TO 18 077520 8800 
IF<RQD.LE.4t. > GO TO 41 077530 8880 
RQD .GE. 68 ROCK JOLTS USED 077540 8080 

20 II•4 07755e 0eee 

C Sll ggN~~N~~~~Af1 ~~C=~~TION =~~~~= :::: 
218 IF CISHAPE.LT.3 > GO TO 228 077580 1818 

c ------------------------------------------------------------------ e??s;e eeee C F IS A ROCK JOLT UEIGHT FACTOR. FF IS A UIRE "ESH ~EIGHT FACTOR 077611 0eee 
C SHAPE IS IASKETHANDLE 877618 teet 

F•1.6 177621 teet 
FF•I.74 177638 1001 
ao To aJ8 t7764t 8eee 

C SHAPE IS CIRCLE OR HORSESHOE 877651 8018 
eae F•l.l e77661 ee8e 

FF•l.t 877678 8118 
QO TO 231 t7768t 1111 
MOLE EXCAVATION t??&;t 1181 c 
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Ill F•t.ll 877711 eete 
C ~:L~UtATE U£IQHT or ROCK JOLTS ~77718 eeee 

13t WRJ•<FII.5611£1Ell<t.ti6tiE>I C1tt-RQD)II2 1/C 1&2.-RQD ial2 ~~~~~= :::: 
GO T0<24t.a&t>.ITVPE 1777~1 &&ae 

C C~LCUL~TE WEICHT OF WIRE "ESH IN T~NNELS ~ v~v 
141 UWft•FF13.311Et<1.-t.t11RODI =~~~~= :::: 

c ------------------------------------------------------------------ 177771 eeee C UNIT COSTS OF ROCK JOLT SUPPORTS lh TUNNELS 177781 eeee 
UCL•t.t21URIIAR t777gl tilt 
IFCIE.L£.16.> UCE•l.76 177811 eeee 
IFCJE,QT.t& •• AND.WRIIAR.LE.lttl. l UCE•g ,35 177811 eeee 
IFCI£,CT.l& •• AND.URIIAR.QT.1tlt. l UCE•8.3S+I.t123l<UR81AA-1110. ) 177821 eeee 
UC~•t.321WU~+ < t.23+RS/53tttt. IIWRI 077830 0001 
co TO ltt e778<4t e0ee 

c ------------------------------------------------------------------ e77sse eeee C UEICHT OF UIRE "ESH IN SHAFTS 077868 0001 
ese UUM•FF1<4.•BE e7787e 0000 

c ------------------------------------------------------------------ e7?sse eeee C UNIT COSTS OF ROCK BOLT SUPPORTS IN SHAFTS 0778ge 0099 
UCL•8.e 077990 00ee 
I~ < MEX.EQ.1 1 UCE•8.0 077g1e 0009 
IF<MEX.EQ.2 l UCE•1.76 077920 0009 
UC~•e,J21UU~+<0.23+RS/S30000. 11UR8 077gJe eeee 
GO To Jee 0779~e 0000 c 

c 
c 
c 
c 
c 

------------------------------------------------------------------ 011gse aeee RQD IS BETWEEN 48 AND 68£IHTERPOLATION OF COSTS IS NECESSARV. 
COST WILL IE CO~PUTED FOM RQD•<40 AND THEN FOR RQD•61 BEFORE 
INTERPOLATING TO OBTAIN COSTS AT ACTUAL RQD. 

STORE THE CORRECT VALUES OF ROD AND BE 
18 RQDD•RQD 

BJE•BE 

077969 e0ee 
077970 00ee 
0??g8e 00ee 
077gg0 0eee 
078000 00e0 
078810 00e0 
078020 0eee 

c ESTABLISH FICTITIOUS VALUES OF RQD AND SIZE roR 
BE•I£<41 

INTERPOLATION USE 078031 0089 

c 

RQD•41 
II•l 
CO TO <410 
RQD .LE. 48 STEEL SETS USED 

4e II•4 
411 CO TO <420,430L440 l ,ISHAPE 

C SHAPE IS C1RCL~ 
428 QO TO <<4St.4&t >.I'IEX 

c ------------------------------------------------------------------0 FACTOR FOR UEIGHT OF STEEL SUPPORTS•F 
C CONUEHTIOHAL EXCAVATION 

<451 ~·t.56J C CRQD-21 . )/ 189. >*12+1 . 22 
C ~BL• FACTOR FOR ILOCKINQ AND LAGGIHG 

FBL•1.e 

c 
QO TO 470 
I'IOLE EXCAVATION 

4&e F•t.e 
~IL•I.81 

C UEICHT or STEEL SUPPORTS 
478 WST•FIEIICSQRT CAIS<0.711E-6. l >+3.7-21 <C RQD+21.)/ let. >ll2> 

QO TO 48t 
C SHAPE IS HORSESHOE 

438 WST•EIICSQRT CAIS<t.8518E-7 ,) )+8.8+1 .31SQRT<1tt.-RQD I> 
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0780<40 00ee 
078050 0000 
078069 ee0e 
078070 0000 
078089 e089 
178090 ee8e 
078180 0000 
178110 0000 
178120 0089 
178138 e0e0 
0781<48 e0ee 
178150 00ee 
078168 eeee 
1781 ?e eee0 
078180 1100 
t181g1 eu0 
078201 eee0 
078218 eetl 
878228 eee1 
178231 eeee 
1782<48 ltet 
178251 lt .. 
078261 etM 
078271 teH 



COSTUN Listing (Continued) 

------------ - --- -
FIL•1.+t.t12*1E a?82B~ eeee 
co TO ~•• t?8a;e eeee 

C SH~PE IS JASKETHANDLE 078380 eeee 
44t WST•EI*<SOWTCAJSCt.;2*1E-6. '> +t.B2+8.22*SORTC10t.-~QD >l a?8310 eeea 

FIL•t.+t.ee3atE e?B32~ eeee 
C QUANTITY OF ILOCKING AND LAGGING 078338 8800 

481 IL•FILIIE1Ct.tt18+t.et561 <C 11?.-RQD )/lf0,)1l2 l 0?8340 8800 
GO TO c ~;e,Stt>,ITVPE 0?8350 8000 

c ------------------------------------------------------------------ e7B3&e eeee C UNIT COSTS OF STEEL SUPPORTS IN TUNNELS t783?a 0800 
4;1 IF C~EX.£0.1> VV•1.1 a?8380 0000 

IFCMEX.E0.2> VV•1.8 0?8390 9000 
UCL•VVtC0.8t1tWSTIAR+0.41JE> 0'8•ee e000 
UCE•VVIC6.+8.88021WSTIARl 078410 0000 
UCM•36.lVY/AR+8.095&UST+150.JBL 078420 0000 
co To Jee 078430 e0e0 

c ------------------------------------------------------------------ 0184~e eeee C UNIT COSTS OF STEEL SUPPORTS IN SHAFT 078450 0~00 
See UCL•1.1/3.1C0.001*USTIAR+0.4JBE> 078460 0000 

UCE•1.1/3,1 C6.+0.0002*USTtAR) 078~70 0000 
UC"•0.895lUST+150.JBL 078480 0000 

c ------------------------------------------------------------------ e;s~ge eeee C COST OF SUPPORTS 078500 0000 
c 078510 e0ee 

318 CLTS• CHOURSlCFlUUK+VID~ >IUCL/AR 078520 0008 
CETS•HOURSlCFE~UKIUCE/AR 878530 0000 
C"TS•UC~ 0785~0 0000 

c ------------------------------------------------------------------ e1asse eeee IF<II.G£.3 > GO TO 708 078560 0008 
IF<II.C£.2> GO TO 688 878578 0008 

C STORE COSTS COMPUTED USING FICTITIOUS ROD•40 078588 8008 
CL40•CLTS 078590 ee0e 
CE40•CETS 878600 0008 
c"•e·c~Ts 078610 e0ee 

C REDEFINE RQD TO A FICTITIOUS VALUE OF 60 FOR SECOND FART OF 0?8620 0000 
C INTERPOLATION CO~PUTATION 0?8630 0000 

ROD•68 078640 ee0e 
BE•BE68 078650 eee0 

C REDEFINE FLOU INDICATOR 0?8660 0000 
II•II+l 078670 eee0 
GO To 51e 078680 eeee 

C STORE COSTS CO~PUTED USING FICTITIOUS ROD•68 078690 8800 
see ct6e•ctTs 0?8?ee eee0 

CE60•CETS 078?10 eeee 
CM68•CMTS 078720 8800 

c ------------------------------------------------------------------ e7&73e eeee C INTERPOLATE BETWEEN ROD OF •e AND 60 TO OJTAIN SUPPORT COSTS 078740 8808 
CLTS•Cl40+CCRQDD-48)/28>1<CL68-CL48> 078758 eee0 
CETS•C£48+CCRQDD-48)/cf)ICCE60·CE48> 078768 eeee 
C~TS•C~48+C<RODD-41)/28)1CC"6t-C~48) 078778 0888 

c ------------------------------------------------------------------ 8?8781 •••• C REINSTATE ORIGINAl VALUES OF RQD AND BE 0787;8 tl88 
RQD•RQDD 8?8818 8tte 
IE • liE 878818 teet 

7tt RETURN 178828 eeee 
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------·-
c 078830 0eee 
c •••••••••***************•••••••••••••••••••••••••••••••••••••••••• 0798•1 8eee C SOFT GROUND TUNNELS OR SHAFTS 078850 8888 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 078861 aee0 g EST~IliSH SH~PE F~CTOR lASED ON PERI"ETER 878871 eee8 
11tt IFCITVPE.EQ,2 > CO TO 1135 =~~~!: :::: 

GO TO C1t1t.1t21.183t >.ISHAPE 878980 3800 
C CIRCULAR 078910 8800 

1111 SFP•J.t• t78S2t aeee 
GO To 1850 078930 ee0e 

C HORSESHOE 078g•0 0800 
1t2t SFP•3.S7 078950 8800 

co To 1850 078960 0e00 
C BASKETHAHDLE 878978 8888 

1838 SFP•2.66 878988 8880 
GO TO 1858 878998 8888 

C SHAFT SEQ"ENT 879880 8080 
1135 IF<ISHAPE.EQ.ll QO TO 1818 079818 8888 

C SQUARE 879028 8880 
SFP·~ 079838 e000 

1158 PERMTR•t.SI CBE+BF>ISFP 0790~8 0888 

c ~~G~~~t~~~c~~t8 iA~~8oA3~'itls~G~~oRTs =~~=~= :::: 
1t68 S•3 879878 0e0e 

GO TO 1888 879888 0000 
C SEGMENTED CONCRETE SUPPORTS 87S098 e888 

tt7e s·~ 879188 e888 
1t88 TUEI•TPLATE 879110 0888 

IFCT~EB.GT.1 . l TUEB•1 87S128 8888 
AREA•SITPLATE+2,1TUE81 CTSEG-TPLATE > 07g1J8 8888 

C CALCUlATE SUPPORT QUANTITIES 8791•8 8888 
GO TO C1118.1128.1198 l .ISUPPT e7g158 8888 

c ------------------------------------------------------------------ e1;16e eeee C SEGMENTED CAST IRON SUPPORTS e?g170 8888 
1118 WCI•~S8.1 C AREA+8.6671 C S-2.tTUEB li C TSEG-TPLATE >tTWEB > ~SIPER~TR 079188 8888 

VV•8.131UCI 879198 8888 
co To 1288 079288 0000 

c ------------------------------------------------------------------ e1921e eeee C SEQ~EHTED CONCRETE SUPPORTS 079228 8808 
1121 Vl•1.~27.1CAREA+8.6671 C S-2.1TUEB )J C TSEQ-TPLATE IITUEB I~SJPER~TR 079230 8800 

IF CITVPE.EQ.2 l GO TO 1175 0792~0 8888 
C TUNNEL SEQ~ENT 879250 8888 

GO TO C11S8.1168.1178 >.ISHAPE 879261 8888 
C CIRCULAR 879278 8888 

11se RST•e.et 879288 e000 
Go To 1185 879298 eeee 

C HORSESHOE 879388 8888 
1161 RST•8.132-t.16E-61PTOTAL 87g318 8880 

PMINT•&•881, / IFJ11.5 879328 8188 
RSTMNT•8.832-1.16E-6lPMINT 8?9338 8818 
QO To 1188 e?gJ~e eeet 

C IASKETHAHDLE 0?9358 8888 
1171 RST•I .832-1.16E-61PTOTAl 879368 e888 

P~INT•Ittet, IIF111.7 8793?8 8188 
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~ITftHT•t.tJa-t.11E-aaP~INT e7g3ae eeee oo To 1111 t79Jie 0eee 
C fHA'T SEQ~ENT t79~te 0~88 

11?1 F<IIH~PE.EQ.t > QO TO 1151 17~~18 0888 
C SQ~E 079~28 8~88 

RIT•t.I3~-1.13E-&IPTOTAL 879~38 8tae 
P~JHT•& ... t. / IF111 . Q 879~48 8808 
RSTftHT•t.t3•·t.13E•&IP"IHT 879~58 8008 

1111 JFCPTOT~L.LT . P~IHT > RST•t.81+ CASTMNT-t.t1l/P~INTIPTOTAL 879468 8888 
IFCRST.LT.t.t1 > AST•t.t1 079~78 8888 

111& WREIN•~Q1.1RSTIVL127. 079~88 8888 
YV•QQ.IVL+8.1SI~REIN 079490 8080 co TO 1288 879500 8eee 

c ------------------------------------------------------------------ e?;s1e eeee C SEQ~ENTED STEEL SUPPORTS 079520 8800 
1181 WST•.Ql.ICAAEA+t.667J < S-2.1TWEB > I < TSEQ-TPLAT£ l 1TWEB >ISIPER~TR 079530 0800 

VV•t.0QSIUST 079540 0880 
1288 IFCITVPE.EQ.2 > QO TO 1218 079550 0800 

C TUNNEL SEQMENT 079560 0800 
v3•1 079570 0000 
co To 1238 079580 0000 

C SHAFT SEQ"ENT 079590 8880 
C IS COMPRESSED AIR USED 079600 0000 

121t IFC"STAJ,£Q.1 > QO TO 1228 079610 8800 
V3•t.333 07Q620 0000 
co To 1230 879630 0000 

1228 V3•1.2S 079640 0000 
12Jt UCL•V31 CS8.+t.841BE*l2 >1< <CFLCA-1. >J2. 13.+1. > 87Q650 8000 

IF CITVPE.£0.2 > UCL•V3J CS0. +8.0.1BEIJ2 > 879660 8800 
UCE•V31CS.5+8.813J<IE+1t. 1112 1 079670 8000 
UC"•V31 C2.1+t.8811IE112 l iHOURSI AR+VV 879680 8000 

c ------------------------------------------------------------------ e1gsge eeee C ADD COST FOR CAULKING SEGMENTED SUPPORTS I N ~ATERTIQHT TUNNELS 879700 0000 
C AND SHAFTS 879710 0000 

IF <LINWT.EQ.1 > GO TO 12~0 87Q720 8000 
co To 1358 079730 e8e0 

12•1 IFCITVPE.EQ.2 ) CO TO 1258 07i7~0 8080 
C TUHHEL SEG~EHT 079?50 eee0 

IFCISHAPE.EQ.1 > CO TO 1268 8?Q760 eeee 
C HORSESHOE OA BASKETHANDLE e79770 0890 

5EQN•6 e7i780 0eee 
co To 1211 e7i7ie e8ee 

1268 IF<ISHAPE.EQ.1 ) GO TO 1268 079809 eeee 
C SQUARE 079810 8899 

SEGN•I 079820 eeet 
QO TO 1271 

(Cont inued) 

Al62 



COSTU~ Listing (Continued) 

-----------------------------------
C g~R~8L1171 079838 ttl8 

11.1 SE~W-3 17.841 eee8 
wn e?;8SI eeee 

11?1 CJOIHT•IEISFP/S+SECN t79861 0188 
IF(ITVPE.EQ.1l UCL•UCL+t.17SJCJOINTIARICFLCA/ HOURS 87;878 1118 
IF(ITVP£,£Q.2l UCL•UCL+8.1?SICJOINTIAR/ HOURS 879888 t888 
UCE•UCE+I.t2SlCJOINTJAR/ HOURS 8798;1 1888 
UC"•UC"+I.3*CJOINT 079911 1888 
QO TO 1351 01;;11 eee8 

c -------------------------------------------·---------------------- t7iiat eeee C STEEL RII SUPPORT 079931 eeee 
1311 S•1t.-t.6SIALOQCPSOIL > 079;4e eeee 

IF cs.cT.&. l 5•6 e?;;se eeee 
AREA•1, / 144,lEKPC4 . 261SQRT CUEB-1.33 )) e7;9&t tete 
UST•4g1,JAREAISFPa cBE-UEB l/S e7gg7e eeee 
BLTHCK•1, / S3S.ISQRT CPSOIL ll C; . S-8.6SJALOGCPSOIL ll 879988 8ttt 

C ASSU~E MINI~UM LAGGING THICKNESS TO BE 5 I NCHES 01;;90 8t8t 
IFCILTHCK.LT.S, / 12. lBLTHCK•S, / 12. 0808t8 0880 
BL•ILTHCKl12 . lSFPI CBE-IlTHCK>/1800. 080810 8tte 
IF <ITVPE.E0.2 > co To 1328 t8082t 0ee0 

C TUNNEL SEG"ENT 088830 8800 
VV•1.1 080848 8880 
Vl•39.6 e8ees0 eee0 
co To 1348 0aees0 ee0e 

C SHAFT SEGMENT 088870 8880 
C IS CO"PRESSED AIR USED 088888 8888 

1321 IF<MSTAI.EQ.1 ) GO TO 1331 888891 8888 
vv•1.1 / 3. t88~8e 8888 
V3•1 888110 8888 
co To 1348 088128 8880 

1338 VV•1.4 088130 8888 
Vl•S8 080140 0880 

1348 UCL•VVIC8.881lUSTIAR+8 , 41JE )I CC CFlCA-1. >12./3 , +1 .) t80158 0888 
IF CITVPE.£0.2> UCL•VVI C8.8811USTIAR+8.4JBE l 888168 8888 
UCE•VVIC6.+8,88821WSTIAR l 88017t 8880 
UCM•V3/ AR+8.8951UST+1S8 . 11L 888188 8880 

C ADD COST FOR BACKFILL GROUT 880198 8880 
1351 VIACKG•SFAI CBOBII2-BEJ12 l 888280 8888 

IF CITVPE.EQ. 1 ) UCL•UCL+l.JIUBACKGIARJCFLCA/ HOURS 888218 0888 
IF CITVPE.EQ.2 l UCL•UCL+1.31VBACKCIAR/ HOURS 088228 8188 
UCE•UCE+8.SIUBACKGIAR/ HOURS 688238 8888 
UC~•UCM+1.21VBACKG 080248 8818 
QO To 388 888258 8eee 

c 888268 ee8e 
c ••••••••••••••••• , •••••••••••••• , ••••••••••••• , ••••••••••••••••••• 880278 1818 
C CUT AND COUER 880288 1881 
c •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 1882et 1888 
C SET COSTS•8 881381 1181 

1511 UCL•8 888311 .. 81 
UCE•8 888328 1118 
UC"•I 181338 1181 

C IS IT A SHAFT 888341 1188 
~(~i!·~E.EQ.1 > GO TO 1516 :::~~= :::: 
CETS•I. 881371 .. el 
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c"TS•t. aae3aa eee0 
RETURN a8eJg0 eeea 

C FOR SlOPING CUT. ONL¥ COST OF ROCK JOLTS Uill JE COMPUTED e81488 1810 
1515 IF<~EX.EQ.7l QO TO 1761 181418 1818 

C IF OPEN CUT IS ENTIRElY IN ROCK, OHLV COST OF ~OCK JOlTS IS a8t428 teea 
C CO"PUTED FOR SUPPORTS a81431 8881 

IF<DROCK.LT.t.ll GO TO 1761 881441 1880 
DROOF•DTRNCH-TOTIOX 188458 tete 
1F<ISUPPT.EQ.6l CO TO 1511 881461 1111 
QO TO 1515 088478 8888 

c ------------------------------------------------------------------ ese~ae eeee C SLURRY UALL 8884g8 8808 
c -----------------------------------------------·------------------ esesee eeee 1518 IF<DROCK.lE.DROOF-2. l SLURRV•8.5lDROCK/12. 888518 8088 

IF<DROCK,QT,OROOF-2. l SlURRV•8.5tDTRHCH/1c. 880528 8808 
1F<SlURRY.lT.1.5l SlURRY•1.5 080638 8081 
UCl•UCl+145.tDSLURV)SLURRYI2688.lARIHOURS e80548 0000 
UCE•UCE+181,tDSlURVISLURRYt2600.tARIHOURS 080558 0000 
UC~•UC"+<l.41SlURRY-0.6llDTRNCHI1.15 880568 0008 

c ------------------------------------------------------------------ eaes?e eeee C ~ALES AND STRUTS 880588 0008 
c ------------------------------------------------------------------ esesve eeee C UALERS AND STRUTS ARE SPACED 18 FEET VERTICALLY. 880688 0008 
C ACTUAL NU~BER OF STRUTS AND UALERS REQUIRED IS DSOIL118 - 1 880616 8808 
C BECAUSE RESTRAINT AT BOTTO" OF SOLDIER PILE ACTS AS A STRUT. 080620 0808 
C IF ACTUAL NU~BER REQUIRED IS LESS THAN ONE, THEN USE OHE. 080630 0008 
C IS ROCK LINE ABOVE TRENCH BOTTO" 080640 0888 
1515 IFCDROCK.LT.DTRHCHl GO TO 1520 880658 8888 

STRUT•CDTRNCH/1e.-1.l/1S.t8EIWTSTRT 880660 eee8 
IF<IIRACE.E0.3l STRUT•<DROOF/11.-1 . )115.lBE•UTSTRT 080670 8808 
UALE•CDTRNCH/10.-1. li2.1WTUALE 888686 0800 
Go To 1568 880698 ee8e 

1621 STRUT•CDROCK/11.-1. )/1S .• BEIWTSTRT 080700 0000 
IF<I8RACE.E0.3 .AND. DROOF,LT.DROCKl STRUT•CDROOFt10.-1. l11S.• 080?10 0000 

1BEIUTSTRT 880?28 0100 
C IS DECKING REQUIRED 080?30 0000 

IFCIDECK.E0.1l GO TO 1548 080740 8000 
UALE•CDROCK/10.-1. li2 •• WTUALE 880?58 0080 
ao To 1568 080760 000e 

1&40 UALE•CDROCK/10.-1. l*2 •• WTUALE+C<DTRNCH-DROCKl/ 10.-1. )t2.t13. 880?78 0008 
C VERTICAl CUTS IM SOIL lESS THAN 20 FEET HAVE ONE STRUT 880780 0000 

1568 IFCSTRUT.LT.BEIUTSTRT/15.> STRUT•BEIUTSTRTI15. 0887g0 8000 
C THERE ARE TWO WALES FOR EVERV STRUT AND A ~INI~U" OF TWO UALES 888800 8001 
C CONNECTING DECKED SOLDIER PILES IN ROCK 881818 8881 

IFCIDECK.EQ.1.AND.DROCK.LT.DTRNCH.AHD.UALE.LT.2.tUTUAlE+26. l 088821 0180 
1 ~ALE•2 •• UTUALE+26. 888838 8180 

IFCUALE.LT.2 •• UTWALE> UALE•2.tUTUALE 881841 le80 
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C HO STRUTS I~ CO~PLETELV SUPPORTED IV AhCMORS G80853 t0~a 
I~CIIR~C£,£Q,2> STRUT•t 080861 1010 

C HO ~LES ~OR SLURRV YALL ~8~87& ~~a& 
IFCISUPPT.£Q,6> UALE•0 e&t88G eeee 

C HO COSTS 0~ UALES AHD STRUTS FOR SLURRV UALL SUPPoq•Eo JV ANCHORS 0808at tt31 
IFCISUPPT,£Q,6 .AND. IIRACE.EQ,2 > GO TO 1571 080911 0881 
UCL•UCL+46.+1.3*SQRTCUALE+STRUTJ 080910 1080 
UCE•UCE+1&.+t.4SISQRTCUALE+STRUT l 080920 1810 
UCM•UC"+t.t95tUALE+t.241STRUT 080931 teet 

c ------------------------------------------------------------------ ese94e eeee C ADD COST OF SOLDIER PILES 080950 0081 
c ------------------------------------------------------------------ eae~&e aeee 1571 I~<ISUPPT.£0.6> CO TO 1605 080970 0800 

I~CDROCK.LT.DTRNCH > GO TO 1580 080980 0800 
SPtT•DTRNCH+18. 083990 0800 
co To 1680 021000 e000 

1588 SPLT•DROCK+18. 081810 8800 
1688 IFCIDECK.EQ.8l SPDLT•SPLT 081820 8000 

IFCIDECK.EQ.el UTSPD•UTSP 081030 0880 
Go To 1610 081040 ee00 

C SOLDIER PILES E~BEDED IN SLURRV UALL 081850 0080 
1615 SPLT•DSLURV 081060 8000 

SPDtT•DStURV 081870 8080 
UTSP•1J 081es0 0000 
UTSPD•13 081090 8800 

1611 PILE•C2.lSPLTtUTSP+SPDLTIUTSPDlt2,/lS. 081180 0000 
DUTAUC•SQRTC6. tC2.&UTSPtSPLT+UTSPDtSPDLTl/C2.tSPLT+SPDLT ll 881110 8000 
SPLTAV•C2.tSPLT+SPDLTl/J, 081120 8800 
UCL•UCL+ C8.0091 CDUTAUG+7. >lt2-8.2ll0.4lSPLTAUIAR/HOURS 081130 8800 
UCE•UCE+8.t2JDUTAUGtSPLTAUtAR/HOURS 081140 0800 
UCM•UCM+8.t12lDUTAUGJSPLTAU+8.1tPILE 081150 8800 

c ------------------------------------------------------------------ es116e eeee C ADD COST 0~ LACQING 081170 8880 
c ------------------------------------------------------------------ es11Be eeee C NO LAGGING FOR SLURRV UALL 081190 e880 

I~CISUPPT.EQ.6 l GO TO 1710 081210 ee00 
IFCDROCK.LT.DTRNCH l QO TO 1660 081c10 ee0e 
IF CDTRNCH.GT.25. > GO TO 1648 081c20 0800 
ll•DTRHCHt3.12./1080. 881230 0000 
Go TO 110e 881c~8 00e0 

1648 IL•C25.l3.+ CDTRNCH-cS. ll4,>lc./18ee. 081c50 0888 
Go To 11ee 081c68 ee00 

1660 IF<DROCK.GT.cS.J GO TO 168e 081270 0888 

-
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JL•~ROCK13.11./1e... 811280 8888 
QO TO 11ee 8812;0 8888 

1811 JL•<a5.13.+CDROCK-2S. >J~lt!./1811. 081380 8388 
1?t UCL•UCL+53.JARIIL/HOU~S/8.& 081310 8808 

UCE•UC£+1.~ 081328 lltt 
UC"•UC"+II.IIL 881338 teet & ;D;-cosr-oF-ri£i;c(-;NcHoRs--------------------------------------- :11~:: :::: 

c ------------------------------------------------------------------ t813&e •••• C HO TIEIACK ANCHORS IF COMPLETELV SUPPORTED IV STRUTS 88137t ttee 
1711 IFCIIRACE.EQ.1 l QO TO 1758 181388 8188 

IFCDROCK.LT.DTRHCH> GO TO 1721 881398 8888 
AHCHLT•t.31DTRNCH+21. t81~t8 1808 
DSOIL•DTRNCH 881~18 8088 

C V1•PORTIOH SUPPORTED IV TIEIACK ANCHORS 881~28 8008 
V1•1 881~38 8088 
IF<IIRACE.£0.31 V1•TOTIOX/ DTRHCH 881~~~ 8008 
Go TO 1740 881~se e0e8 

1728 ANCHLT•8.31DROCK+28. 881~68 0008 
DSOIL•DROCK 881~78 0008 

C Vl•PORTION SUPPORTED IV ANCHORS 881~88 0088 
IFCIIRACE.EQ.3 .AND. DROCK.tT.DROOF l V1•1 081~98 0088 
IF<IIRACE.EQ.3 .AHD. DROCK.GT.DROOF > V1• 1DROCK-DROOF liDROCK 881588 8088 

17~8 AHCHDI•SORT CUTANCHI 2.67 > 081518 8888 
ORTAKE•1.881DSOil 881528 eeee 
UJF• CAHCHLT-2t. lJ8.7851 C1-<ANCHDl / 12. l112 >127.18.841DSOit 881538 8088 
UCLAN•3.1ANCHLTIDSOil IARI HOURS/C 10.-88,/ AHCHtT liV1 8815~8 0888 
IFCUCtAN.tT.75. l UCLAN•75 881558 0888 
UCEAN•t.71AHCHtTIDSOit JARI HOURSI C18.-88, 1AHCHtT llV1 881568 8888 
IF<UCEAH.tT.17.5> UCEAN•17.S 881578 8888 
UC"AH•CAHCHDIJl21 C8.8-t.tt31ANCHLTli8.841AHCHLTIDSOit +80.JGRTAKE 881588 8888 

1 /27.+6.7SIVJF>IV1 8815;8 0eee 
UCt•UCt+UCLAN 881688 0888 
UCE•UCE+UCEAH 881618 0888 
UC"•UC~+UCMAH a81628 0888 

c ------------------------------------------------------------------ lll&le eeee C ADD COST OF ROCK lOtTS 8816~8 8888 
c ------------------------------------------------------------------ es1sse eeee 1751 IF<DROCK.tT.OTRHCH l GO TO 1768 881668 8088 

co To t88e 881678 eee8 
17&8 AHCHtT•0.2SI<DTRNCH-DROCK l+2S8. / RQD 081688 8008 

UCtR8•110.tAHCHLTICDTRHCH-DROCK >IAR/ HOURSIC 1.2+138.1C118.-ROD ll iJ2 881698 8088 
1/ (S8.-t.2SIAHCHtT l 881788 8818 
IF C UCLRI.tT.S~. > UCtR8•54. 881718 8888 
UCER8•20.1AHCHtTl<DTRHCH-DROCK liARI HOURS/C 1.2+131.1(118.-ROD ll tl2 881721 1888 

11CS8.-8.2SlANCHLT l 881738 et80 
IFCUCER8.LT.18, ) UCER8•18 8817~1 8818 
UC~RJ•1.StANCHtTICOTRHCH-DROCK l/C1.2+138. 1C 11t.-ROOllJJ2 881758 8880 
UCt•UCL+UCtRI 881761 ett0 
UCE•UCE+UCERI 881770 8880 
UC"•UC"+UC~RI 881780 t888 

1818 IF<~EX.E0.7 > 00 TO 318 8817;0 8881 
c ------------------------------------------------------------------ ea1aee eeee C DECKING 181818 eete 
c --·--------------------------------------------------------------- 881821 .... C IS DECKINO REQUIRED 111831 8181 

IFCIDECK.£0.1> QO TO 182e 181848 08tt oo TO lit ea1ase eeee 
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C ~DD COST OF TI"IER tl186t e0ee 
lilt UC~•UCL+t.t?iJIEIARIHOURS 1818?8 eeee 

UC!•UCE+t.tt811EI~/HOURS 181811 eeee 
UC"•UC"+I.1111E ti18VI tete 

C ADD COlT OF QIRD£RS AND STRIN~ERS t81;ee tete 
UCL•UCL+1S.+<&.3aJE+Sit.>Ja21~ttlt. 111911 eeee 

c 
c 
c 
c 
c 
c 
c 
c 
8 
c 
c 

UCI•UC£+ •• &+7.1 CIE+1et. >la211lttl . 181921 tttl 
UC"•UC"+I.111<&.3JIE+3t. > t81i31 ttll 
QO TO 311 181V4t till 
END t819St eeee 
SUIROUTIN£ liNINQ1<CLL,CEL'C~liCLFU,CEF~tC~FUfiTVPE,L:~IN~,RQD,~EX 181V61 ttlt 

iu~~A!b6~g~:=~=:~6~~·~:~~:H~·~p:~~~~~~~At~~:u(~~~~:"Tr., ::t:~: :::: 
3FOR"A~,HOURS,CFLCA,CFLUWK,CFEUUK > t81VV0 1110 
------------------------------------------------------------------ eseeea eeee 
------------------------------------------------------------------ ea2e1e eeee LININQ CALCULATES THE LINING COSTS AND THE FOR"UORK COST FOR A 082120 1010 
TUNNEL OR SHAFT SEQ"EHT 082130 0110 
------------------------------------------------------------------ eaae4e eeee IF CNSTVP.£0.3> GO TO ;10 082150 0110 
aJJllttaaJtllaiJIII ROCK OR SOFT GROUND 111111111111111111¥111 082060 0010 
II IS A FLOU INDICATOR 082170 0610 
------------------------------------------------------------------ eacese eeee 
------------------------------------------------------------------ eaaege eeee 082101 0100 
IS SEG~ENT LINED 082110 9800 
IF CLIHIHQ.GT . 0 > GO TO 3? 082120 1100 
SEG"ENT IS UNLINED --- SET ALL COSTS TO ZERO 082130 1110 
ctt•e.a 1821~0 1110 
CEL•e.a 182150 ee10 
CMl•e.t 882160 1e10 

2 CLFW•t.l 1821?0 0100 
cEFW•I.t 082180 ee00 
CMF~•I.t 0821V0 1110 
RETURN 082200 1110 

c 082210 ee10 
c 082220 e11e 
c ------------------------------------------------------------------ esacle eeee C RATIO OF AEINFORCE~EHT TO CONCRETE BV UOLU~E 0822~0 0011 
c ------------------------------------------------------------------ eaaase eeee C SET ~INI"U~ STEEL REQUIREMENTS 082268 0081 

37 IF CHSTVP.EQ.l ) RSTMIH•t.l85 082270 0011 
IFCNSTVP.EQ.a > RST"IN•0.t1 082288 0088 
IF<ITVPE.EQ.2 ) GO TO ~g 0822;1 8088 

C TUNNEL SEGMENT 082318 0081 
QO TOC~1.~2.~S > ,ISHAPE 082311 0011 

C CIRCLE 182321 0011 
~1 RST•RST~IH 882338 1118 

oo To 4 082341 1ee1 
C HORSESHOE 882358 ltte 

42 RST•t.t14-7.3E-81P~ATER 08a368 1108 
IFCLINING.EQ.1> P~IHT•1g5t001BF1a1.? 1823?1 lite 
IF<LIHINQ.EQ.2> P~IHT•36SII/IF111.i 182380 8111 

~4 RS~NT•8.t1~-7.3E-8JP"INT 1823Vt 1101 
QO TO ~8 182~18 lilt 

C IASKETHAHDLE 182411 8tel 
4& RST•t.t14-6.6E•IJPUATER t8a42t 1 .. 1 

IFCLIHINQ.EQ.l> PMtNT•28tt8811Fit1.g 182430 1111 
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41 IF<LININQ.EQ.8> P"INT•&8tei1IFIJ1.8 882440 0880 
41 ~IT"NT•t.tl~·I.IE-IIPMIHT 882450 0880 oo To 41 882•68 e8t0 

C SHAFT SEQ"ENT 882470 0880 
C IS IT CIRCUL~R SHAPE 88e•ae 8880 

48 IF<ISHAPE.£0.1> co To •1 e8a•ge e8ee 
RST•t.8ts-e.asE-IJPU~TER 88cse0 e8te 
IF<LINIHC.EQ.l > PMINT•17588818FI*1.8 882510 8880 

&t IF <LINING.EQ.a > PMINT•311881IFII1.8 882528 0818 
&1 RST"~T•t.t1S-6.2SE-81PMINT 882638 8880 
48 IF < P~~TER.LE.P~INT > AST•RST"IN+ < RST"NT-RST"IN>*P~ATERIPr. INT 882548 8888 

IF<AST.LT.RSTMIN l RST•RSTMIN 882558 eee0 
c ------------------------------------------------------------------ ea2sse eeee C IS IT A SOFT GROUND TUNNEL OR SHAFT 882578 9888 

4 IF<NSTVP.EQ.2> CO TO 48 882588 9000 
C ROCK TUNNELS OR SHAFTS 882Sge 9000 
C CHECK RQD 882689 0880 

S IF<RQD.LE ,48. > CO TO 48 882618 8000 
IF <RQD.GE .68. l GO TO 20 882629 0000 

C RQD IS BET~EEN 48 AND 68LINTERPOLATION OF COSTS IS NECESSARY. 882630 0000 
C COST UILL BE COMPUTED FOw RQD•~8 AND THEN FOR RQD•68 BEFORE 8826•0 0000 
C INTERPOLATING TO OBTAIN COSTS AT ACTUAL RQD. 882650 8000 

11 II•1 882668 e0ee 
C STORE THE CORRECT VALUES OF RQD AND BOB 882678 8008 

RQDD•RQD 082688 0000 
BB08•808 8826~9 0000 

C ESTABLISH FICTITIOUS VALUES OF RQD AND SIZE FOR INTERPOLATION USE 982700 0088 
RQD•48. 882710 0000 
BOB•I0848 882728 00ee 
co TO 55 882739 0000 

C RQD .GE. 68 0827.9 0008 ae II•• 882750 e0e0 
31 F•1. 882768 0000 

GO TO <2811 388 l,LINIHG 882770 0000 
c ROD .LE. ~w 882789 0000 

~8 II·~. 0827~0 0000 
SS IF<LINIHG.EQ.1 l GO TO 288 882800 0000 

C IS THIS A SOFT GROUND TU~EL OR SHAFT 082818 8008 
IF<NSTVP.EQ.2> GO TO 388 08282~ 0008 
S•8.051RQD+l.25 882830 9000 

C TL IS STORED IN FEET 8828•0 eeee 
Si IF C TL.LT.UEI > GO TO 78 082858 8800 

C F IS A FACTOR FOR INCREASING SHOTCRETE VOLU"E OVER STEEL SETS 082860 0108 
61 F•1. &82870 0000 

GO To 308 882888 eeee 
11 F• c s+~EII•. >IS e828g0 0e0e 

oo TO Jee 0a2ge0 8tt0 
c 882i10 eeee 
c **'********•••••******'******••••••••••••••••••••••*************** eB2i20 0ee0 C CONCRETE LINING 882i31 8101 
c ------------------------------------------------------------------ ea2;~e eeee 211 VL•SFAI27,*CIOI*12-IFIJ2) eaegse 18t8 

VLREIN•SFA/27.1CIE112.-IFJI2. l 882P68 eeee 
IF<NSTVP.EQ,2) VL••.Ia7.tSFAlTLI<BF+TLl 082i71 eee1 
IF<NSTVP.EG.2> VLREIH•VL 182i88 01tl 
UREIH•4&1.1RSTIVLREINI27. 082~8 0888 

aat ~~(~~~~-!t~~=~·a6v~~ 231 ::~:t: :::: 
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c -------------------------------------------- ealeee eaee C UHIT COST OF LINING ~ATEAIAL TRANSPORT IN TUNNELS OHL~ 0830~1 1a0e 
c *~~ tliA§~~~t~23.2~~f~06~ VOlUME/ • t83e•e laee 

181 IF<ISHAPE.LE.2 > Z•5.-t.lt1•C71.-1E l112 183050 Ieee 
IFCISHAPE.EQ.3 > Z••.S-<IE-St.>lt•/ ••ttt. =~~=~= :::: 
TRUCKS•Ct.211D"+t •• ll1VL/ Z 083888 eaee 
IFCTRUCKS.LT.1.t > TAUCKS•l· 8838;8 0808 
UCLT•?.?ITAUCKS+7.1 &831&& 0eee 
UCET•C1.5+3.11Z >ITAUCKS v ~v 
00 TO 226 083118 ee0e 

C RAIL TRANSPORT 083120 e000 
223 CARS•CI •• 21D"+1.S l1Ul 083131 eeee 

IFCCAAS.LT.1.8 > CAAS•1.1 ==~i~: :::: 
ENQINE•CAAS/18. 083160 eeee 
IF<ENGINE.LT.1.0> ENGINE•!. 083170 0880 
UClT•15.1ENQINE+21.tD~I11.82 083180 0000 
UCET•S.81ENGIHE+CAAS+1.•*D" 08J1ge 0000 
00 TO 226 083200 0000 

225 CONTINUE 083210 eeee 
C COHVEVOA -- UCET AND UClT UEAE CO~PUTED IN SUBROUTINE C"TAH 083220 0800 

226 AL•3.1HOURS 083230 0000 
GO TO 248 0832•0 8003 

238 UCLT•e 083250 0000 
UCET•I 083260 0000 
ucE~H·e 083270 0000 
AL•AR 083280 eeee 

C UNIT COSTS OF liNING IN TUNNEL 8832g0 0000 
2~1 UCl•Ct.01181<VllAl/HOURS+168.>112-12.+UCLT>ICFlCA 883300 8000 

UCE•S,+I.31Vl1Al/ HOUAS+UCET+UCEMH 083310 8000 
UC"•13.+8.1SIUAEIN/Vl 183320 0000 
GO TO 418 183330 0000 

c -------------------------------------------- e&33•e eeee C UNIT COST OF SHAFT liNING 183350 0000 
268 UCL• 2S.+3.tlVl+UCL"H 183360 0000 

UCE•7.+0.481Vl+UCEMH 083370 eee0 
UC"•13.+8.1Sl~REIN/VL 183380 0800 
AL•2.lHOURS e933g0 eee0 
co To •ee 183•ee 0000 

c *******''***********'*******'********'''*************'***'**'*'''* 0s3•10 aee0 c e83•ae e0e0 
C SHOTCRETE LINING 083•3e 0800 

318 VL•4.1SFA/27.1TLIFICIOI-TL > 083 •• 0 0800 
IFCNSTVP.EQ.2 l VL••./27.1SFAITLI CBF+TL > 083•50 eeee 
VlREIN•Vl IB3•&0 0eee 
~l•AA 0BJ•7e 0eee 
WREIN••g1.1ASTlUlAElNI27. 083.80 eeee 

c -------------------------------------------- ea3•;e eeea C COST OF LINING "ATEAIAL TRANSPORT IN SHOTCRETED TUNNELS 15 e
0
&
83
3
5
&t

1
0
1 

0
0
0
8
1
8
! 

C INCLUDED IN "UCK TRANSPORT AND HOISTING COSTS. • 
C CALCULATE UNIT COSTS OF TUNNEL AND SHAFT LINING 883521 8088 

UCL•Ct.03SICULIAL/HOURS+•I. )112.+11. liCFLCA 083531 telt 
1FCITVPE.EQ.2) UCL•I.83SICVLIAL/HOURS+•t.>l12+18. 083S•e tell 
UCE•I.II~ICVLIAL/HOUAS+lll. >lla.-a3. 083558 8818 
UCM•14.+1.1&1WAEIH/VL 883561 eeee 

c •••••••••••••********'***********************••••**************''* t83S7e eee1 c e83S8e eeee 
481 CONTINUE t83Sgl teet 
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C C~tCUL~TE LI~INQ COSTS 183o01 08tt 
IFCLJHINQ.[Q,i> UCLMH•t. 183.18 Get8 

IFCITVPE.EG.1>CLL• < HOURSICFLWWK+VIDM >IALIUCl+HOURSICFLWwK¥~CLMHIAL 183621 8810 
FCITVPE.£Q,2J CLL•HOURSIUCLICFL~WKIAL 183631 teet 

CEL•HOURSICFEWWKIUCEI AL 8836~1 telt 
C"L•ULIUC" 183651 1818 

e -------------------------------------------- ea3&&e '''' IF<IJ.Q£.3 ) GO TO 525 883671 t01t 
IF <II.QE.2> GO TO Stt 883688 1088 

C STORE LIHINQ COSTS CO~PUTED USING FICTITIOUS ROD••t 1836~1 tilt 
CL~t•CLL 183781 eeee 
CE~t•CEL 183718 teet 
CM~t•CML 183728 0000 

C REDEFINE RQD TO A FICTITIOUS VALUE OF 61 FOR SECOND PART OF 883738 ttee 
C INTERPOLATION CO~PUTATION 8837.8 0088 

ROD•6t 183758 eeee 
BOB•IOB68 t83768 eee0 

C REDEFINE FLOW INDICATOR 183778 0008 
II•II+1 183788 eee8 
GO TO 3t 0837ge 0008 

c ------------------------------------------------------------------ es3aee eeee c 0838!8 0008 
C STORE LINING COSTS COMPUTED USING FICTITIOUS RQD•68 883828 0088 

Stt CL60•CLL 083838 0188 
CE6t•CEL 0838•1 0088 
C"6t•C"L 883858 0088 

C INTERPOLATE BETWEEN ROD OF 40 AHD 68 TO OBTAIN LINING COSTS 083868 0088 
CLL•CL41+CRODD•40. )120.1 CCL60-CL40 > 083878 0188 
CEL•CE•t+<RODD-41. >120.1 CCE60-CE40 > 083888 0088 
C"L•C"4t+ C RQDD-41. >12t.I CC~68-C"40 > 0838g8 0008 

c ------------------------------------------------------------------ ea3gee eeee C REINSTATE ORIGINAL VALUES OF ROD AND BOB 083~18 0008 
RQD•RQDD &83921 0011 
tOI•BBOB &83838 0eee 

c ------------------------------------------------------------------ ea3g~e eeee C UNIT COST OF FOR~~ORK EQUALS ZERO FOR SHOTCRETE 093g59 0008 
526 IF <LINING.£0.2> GO TO 2 883968 0080 

C LINIHQ IS CONCRETE. CHECK FOR SUPPRESSED FORMWORK COSTS 183978 eeee 
IFCNOFORM .GT.I> GO TO a 883988 0088 
IF <ITVPE.EQ.2> GO TO SSt 88J~g9 0080 

C UNIT COST OF FOR"UORK IN TUNNELS 884080 0008 
UCL•i.aiFICFLCA 084010 8800 
IFCISHAPE.EQ.1 ) X•2.2 884028 8008 
IF CISHAPE.EQ.2 ) X•2.8 084038 8880 
IFCISHAPE.EQ.3 ) X•1.6 884048 8100 
UCE•1S.+XIIF 184150 8101 
UC"•t.1811F 884068 8111 
AL•J,tHOURS 184171 8810 
IFCNSTVP.EQ.2 ) AL•AR 184181 0181 
GO TO ?tt 884tgt 8881 

C UHIT COST OF FOR~WORK IN SHAFTS 884108 8881 
SSt IF<ISHAPE.EQ.1> SFP•3.14 884111 1818 

IF<ISHAPE.£0.2 > SFP•4. ta•12t 1880 
UCl•2&.+4.liF 18.138 tttt 
UCE•<11.+1.SIJF)lSFPI3.S4 18.141 tlte 
UC"•I.?liF 8841St ttet 
Al•8.1HOURS 18.161 eeet 
QO TO 7tl 184111 1111 
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C C~UTE FOR~WORK COSTS ~a~ 1ae eea& 
?tl CLFY•CHOURIICFLUUK+VIDM >•UCL/~l v ~ vv 

CEFW•HOURIICFE~UKIUC[/~L ~~~lwl eee0 
CI¥W•UC" ea4aee eeee 
Qo To 1... 884211 •••• 

ea~a2t eeea C lllllla.lllllllltllllll CUT ~ND COVER lllllllll111111111111tll 884231 ltll 
llt JF<tTV".EQ.i ) QO TO 141 18~248 8188 

C ~~~~INQ.£Q.3 ) GO TO 831 :::~~= :::: 
c ------------------------------------------------------------------ ea~27e eeee C CIP 10)( 184281 teet 

UCL•~It.-t.t?SI C 71.-UL l 112 18~288 eeee 
UCE•S&.-I.Iti1C6S.-VL>112 884380 888e 
uc,.•as.tut t84311 1e0e 
HOURCR•UL IAR/( 11t.-t.t31CVL -68. )112 1 884328 8888 
IF CHOURCR.LT.8. > HOURCR•8 884338 0888 
Clt•UCLIHOURCR/ ARICFLUUK 884348 0888 
CEL•UCEIHOURCR/~RICFEUUK 884350 8888 
C~L•UCM 884368 8808 
HOURCR•FOR~ARIAR/C 688.-8.88~1 C FORM~R-~ee . >112 > a84378 0888 
IF CHOURCR.tT,8 > HOURCR•S 884388 eeee 
CLFW• C1t8.+1.8SIFORMAR >IHOURCR/ ARICFLwUK 8843ge 8808 
CEFW•(8,+ C FORMAR+118. >112/~St8. >1HOURCR/ARICFEwUK 88~408 880~ 
CMFU•I,JSIFORMAR 884~18 8888 

, RETURN 88~420 0808 
c ------------------------------------------------------------------ ea~~3e eeee C PRECAST CONCRETE 80)( 8844~8 0088 

831 UCL• Ct.871 CVL +11. )112-7, )158, / UL 884~58 8080 
UCE• CI.I87t CUL +81. >lt2-~5. >l58, /Ul 884~68 0080 
uc~·114.aut 084478 e000 
HOURCR•VLIAR/ 58. 084480 8880 
IF CHOURCR.tT.8. l HOURCR•8 8844g0 8808 
CLL•UCL*HOURCR/ ARlCFLUWK 884500 8808 
CEL•UCE*HOURCRI ARICFEUYK 08~510 8800 
c~t·UCM 084520 ee88 
ao To 2 084530 e08e 

c ------------------------------------------------------------------ ea•s•e eeee C SHAFT 084550 eeee 
841 IF CISHAPE.EQ.2 ) GO TO g~s 884568 8888 

SFP•3.1~ 884570 e00e 
ao To ;se 884580 e0e0 

84& SFP•4 0145g0 eee0 
85t VL•<IF+TLliTLISFP/ 27. 884681 1888 

UCL• t.871 CVL +18. >1•2-7. 884618 eeee 
UCE• e.tt7J(Vt +&e. > 112-~s. 084628 eee0 
uc~·te4.JVt 084&38 eee0 
CLL•UCLICFLWWK 88~648 eeee 
CEL•UCEICFEWUK 88~651 8881 
c"L•UC~ t84668 eeee 
QO TO 2 184678 etet 

1tlt RETURM 18~688 eett 
END 18~6;8 eeee 
SUIROUTtHE CGROUT<CLQLCEGLCMQ,ITVPE,GILISHAPELIE,ARLRSfHSTVPL 18~718 8818 
1~ST~I. DTUN,HH,HOU~S,CFLUWK,CFEWUK,~SEGL,P~R~.SF~~D G,TIM~G l t8~71t eeee 

e ------------------------------------------------------------------ ea4?2t eeee c ------------------------------------------------------------------ 18~?31 ., •• 
c ------------------------------------------------------------------ 184?41 •• ,. C CQROUT C~LCUlATES THE COST OF GROUTINQ IM A TUNNEL OR SHAFT 11~758 881t 
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C SEQ"'MT C84?80 8808 
c ------------------------------------------------------------------ 884771 ., •• c ------------------------------------------------------------------ 084780 •••• c 8847~· 8108 

IFCNSTVP.£0.2> GO TO Stt 084808 8808 
IF<HSTYP.EQ.l> GO TO 851 884818 8188 

C llllllllllllllllllllllllltll ROCK lllllllllll•llllllll&llllltt 184820 8088 
IF<ITYP£.EQ.2 > QO TO ltl 884830 8188 

c ------------------------------------------------------------------ ea•a~e eeee C TUNHEL 884858 8100 
IF CQI.G£.181. > GO TO 151 884860 8808 

C COST OF GROUTING EQU~LS ZERO 884878 8008 
111 CLG•e 884888 ee0e 

CEG•t 8848~8 8088 
c~c·e 084~•• 8008 
RETURH 884~18 8008 

1St IF < ISH~PE.E0.1 ) SFP•3.14 884928 8008 
IFCISH~PE.E0.2 > SFP•3 . 57 884~38 0808 
IF<ISHAPE.E0.3 > SFP•2.66 88~948 0888 
GT•8.8851SFPIBEI <l.+.81*GI > 88~958 8808 
co To 488 884968 eee0 

c ------------------------------------------------------------------ es•;?e eeee C SHAFT 884988 0088 
381 IF<GI. LT. 1. > GO TO 188 884g98 0888 

C SHAFT IS UET,GROUTING REQUIRED 08S888 8088 
SFP•J.t~ e8s010 eee8 
GT•e.et•SFPJBE e8se20 ee0e 

~~~ CONTINUE 08S8J8 0088 
HL•SFPIBE/~. 0sse~0 0e0e 
ucL•e 185858 eee1 
UCE•JJ.-t.tlSICIE-~6. >112 18S868 8008 
UC~•1.251GT+RSIHL/2tl808.+8.075aHL-0.051 C IE-46. >a&2/ AR+100, / AR 88S878 8001 
GO To 11ee 885088 eee0 

c 88S898 8888 
C lllllllataJJllliiJaall SOFT GROUND llllllllalai!IJJallllllllll 885188 0008 
C IS IT A SHAFT 88S118 eeee 

see IF<ITVPE.E0.2 > GO TO 641 885120 0008 
c ------------------------------------------------------------------ eastJe eeee C TUNNEL 885148 8008 
C STABILIZED BY GROUND INJ ECTIONS 8851S8 0088 

Ir ( ~STAB . EO.J> Go TO sse 885160 00ee 
GO To 6se 18S1?0 e08e 

C IS TUNNEL CROUN DEEPER THAN S8 FT 88S18t eeee 
SSt Ir <ISHAPE.LE.2.AHD. DTUN-IE/ 2 •• GT.58. > QO TO 600 88S198 eeee 

IF CISHAPE.EQ . J .AND. DTUN-IE/ 4 •• QT.SI. ) QO TO 608 885288 8088 
C GROUTI NG FRO~ GROUND SURFACE 885218 8880 

TI"EQ•t.6+DTUN/ 2I.+IE/ 48. 88S228 8880 
IF CISHAPE.EQ.3 ) TI"EC•t.6+DTUN/ 2I . +IE/ 81. 885238 1888 
UCL•7~.1 C BE+18. )/2S.ITI~EGIAR/HOURS 886248 eeee 
UCE•1S.I<IE+18. )/2S. ITIMEQIAR/ HOURS 885258 te80 
UC~•3.1TI~ECI C JE+11. )/25.+8.251<1£+18. )1121CI .SS+t.151ALOQ18CSQRT 886268 te88 

1C18.1AIS<PER" )) ))/( l.SS+8.151ALOC18CSORT <10.1AIS <PERM>>> > 885271 0888 
IF CISHAPE.EQ.3 > UC"•3.1TI~EGI<IE+18. )/2S.+t.251 CIE+18. >1<0.518E+ 886281 0881 

118.)1 C t.SS+8.1SIAL0018CSQRT C 11.1AIS C PER~) )))/ Cl.S5+1 . 151ALOG18 C SQ 8852~1 tete 
2RT < 18.1AIS < PER~ >>>> 885311 0188 

GO TO 1111 185311 8888 
C QROUTINQ FROM EMCAUATION FACE t85J2t et88 

&el UCL•I 885331 eeee 
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UCE•3.411£ 085340 eeee 
UC"•t.1411E+t . ll < t . SS+t.1SJAL0~1t ( SQRT C 1t.IAIS C PERMll l l/ 085350 tete 

1 < 1.5S+t.151AL0~1t<SORT < 1t . aABS < PER" lll liJEIS~P ~85360 eeee 
ao TO 1ttt 085370 eee0 

c ------------------------------------------------------------------ eas3Be eeee c SH~~T t853g0 eeee 
C STAIILIZED IV ~ROUHD INJECTIONS 085401 0011 

641 I~ < "STAJ.EQ.3 l ~0 TO 711 085410 eeee 
&St CLG•t. 085420 0110 

CEG•t. 085431 eeee 
c~a·•· 085440 eeee 
RETURN 085450 0810 

C IS SEG~ENT ~IDPOINT DEEPER THAN 200 ~T 085460 0000 
711 Ir < HH.~T.2tt . l GO TO 600 085470 0000 

C GROUTING FRO~ GROUND SUR~ACE 085480 0000 
UCL•7g.ITI"EGI < BE+S ,)JS~P/5, /DTCtAR/HOURS 085490 0000 
UC£•1S.ITI"£Gt<BE+5, >1SFP/ S. / DTGIAR/ HOURS 085500 0000 
UC~•0 . 61TIMEGt < BE+5, >JSFP/ DTG+0.641<0.55+0.151ALOC10<SOR! Cl0 .1ABS 085510 0000 

1CPERMl llli CBE+S. llSFP/C 1.SS+0.1SIALOC18<SQRTC10.1ABS<PERM ll)) 085520 0000 
c ------------------------------------------------------------------ eassJe eeee C COST OF GROUTING 085540 0000 
tete CLQ•UCLIHOURSIC~LUUK/AR 085550 ee00 

CEG•UCEJHOURSICFE~UK/AR 085560 e000 
C"G•UC" 085570 0000 
RETURN 085580 0000 
EHD 08559e 0000 

t¥¥~=~~~f~5R~~~~~~~~~6~~~;r~~~~~!~~A~~g~A~~:~t=~ce~6ROCK,FlOUt, =~~~r: :::: 
2UELLS,RL,TIMtDU,ISU~PT,ELUATR,ELNPB,IUATER,CFtU~K.CFEUUK > 085620 0000 

c ------------------------------------------------------------------ ess&3e eeee c ------------------------------------------------------------------ ess&~e eeee C CPU~P CALCULATES THE PU~PING COSTS 085650 0000 
C PU~PINC TIME COMPUTED IM COSTSF IS FOR SOFT GROUND SHA~T ONLV 085660 ee00 
C ASSUME PUMPING 2~ HR A DAV , 7 DAYS A UEEK OPERA~ION 085670 9000 
c ------------------------------------------------------------------ esssse eeee c ------------------------------------------------------------------ eass;e eeee c 085700 ee00 

IF<NSTVP.E0.3 > GO TO 300 085710 eeee 
C ROCK OR SOFT GROUND 085720 0900 

IF<NSTVP .EQ.2 ) GO TO tee 085730 eee0 
c ------------------------------------------------------------------ ess7•e eeee c ROCK 085750 eee0 
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C SET COSTS•I 8867o8 teee 
UCL•t. 885771 Hee 
UCl•l. 185781 eeee 
uc"·•· e857Ve eeee 
oo To "' ct85&ae eeee 

c ------------------------------------------------------------------ ea&&1e eeee C DEEP ~ELL PU~PIHQ 1858ae eeee 
c ------------------------------------------------------------------ 186831 •••• C SOFT QROUND 885848 eeae 

1tt IF<ITV~E.EQ.2 l QO TO 251 885858 eeee 
c ------------------------------------------------------------------ easase eeee C TUHHEL 885878 8898 

YELLLN•ELSU~F-ELIOT~ 885888 eeee 
C PROVIDE 5 DAYS PU"PING AHEAD OF E~CAVATION TO REVERSE FLOU 98S8ge 1188 
C PROVIDE 58 FT FINISHED LINING PAST PUMP BEFORE STOPPING ITE" 985988 8888 

IF<ISUPPT.LE.J l GO TO 188 essg:e 1808 
C STEEL ~IJS UITH LINING 885928 0088 
C PROVIDE THE G~EATE~ OF TI"E TO FINISH 50 FT LINING AHEAD OF PUMP, 085938 0000 
C OR 38 CALENDAR DAVS FOR CURING OF CONCRETE 886i48 8088 
C SHOTCRETE IS PLACED UP TO THE FACE. CONCRETE IS KEPT 150 FT 885958 8880 
C BEHIND FACE. 885968 8888 

IF<St. / ARI7. / DAVS.GE.38. ) GO TO 151 885978 0888 
c ------------------------------------------------------------------ ess;ae eeee C PU~PING TI"E CONTROLLED IV CURING TI"E 8859~8 0808 
C CONCRETE 886888 1888 

1F(LINING.EQ.1 ) PU~PT~•35.+158. /ARI7. /DAVS 886818 8886 
C SHOTCRETE 886828 8888 

IF<tiNINQ.EQ.2 ) PU~PT"•3S. 886836 8888 
GO TO <451 886148 6888 

c ------------------------------------------------------------------ essese eeee C PUMPING TI"E CONTROLLED IV PLACING RATE OF LINING 886168 1888 
C CONCRETE t86878 eeee 

1St IF CLININQ.EQ.1 ) PUMPT~•S.+288. /ARI7. /DAVS 886888 8888 
C SHOTCRETE 886198 8686 

IF <LININQ.EQ.2 ) PU~PTM•5.+S8. /ARI7. /DAVS 886188 8818 
co TO 4Se 8861 u eee0 

C SEGMENTED SUPPORT 886128 0688 
188 PU~TM•S.+St./ARI7. /DAVS 686138 8888 

GO TO _.St 886148 8888 
c ------------------------------------------------------------------ tB61St eeee C SHAFT 886168 8888 

251 IF<ELUATR.LT.ELNPB > GO TO 958 886178 eeee 

(Continued) 

Al74 



COSTUN Lis t ing (Continued) 

~~INQ TI~E DETE~~INED IN COSTS~ 886188 t8ta 
~oLb:L~S IF ~LO~·e :::i:: :::: 
IFCFLO~L.LT.I.IIIl l UEllS•t 8862!1 8888 
CONSIDER 1 FT lENGTH OF SH~T 886228 8181 
WELLLN•l 88623t 8818 

c 
c 
c 

QO TO 451 t86248 eeee 
c ------------------------------------------------------------------ 186251 ••• , C CUT-~D-COVER 886268 eeee 

3tl I~ClTVPE.EQ.2l QO TO gse 186278 eeee 
C TUNNEl 886288 8818 

IFCEL~ATR.lT.ELSUR~-DTRNCH l CO TO gse 8862ge 8888 
I~CIWATER.EQ.t l CO TO gee 886388 8888 
IS IT SOLDIER PILE UITH LAGGING 086318 8088 
IFCISUPPT.EQ.S l CO TO JSe 086328 eeee 
IFCDROCK.LT.DTRNCH .AND. ELUATR.lT.ELSURF-DROCK l CO TO gse 886330 8088 

c 

co To 4te 086348 aee0 
C IS ROCK LINE AIOVE TRENCH BOTTO~ 086350 0080 

351 IFCDROCK.LT.DTRNCH l CO TO gee 086360 0000 
~~~ PU"PTM• C1,1AR+CTI"EDU+1t. l/ Rl lJ?. I DAVS 086370 0800 

l~CLINING.EQ.1 l PU~PT~•C1,/AR+CTI~EDW+~0. l/Rl lJ?, I DAVS 086380 0080 
UELLLN•DTRNCH 086Jge 8000 
IFCYEllLN.GT.OROCK l UELLLN•DROCK 086~08 8800 

~St PIPED•0.Sa~LOWLJ*8.4 086~10 8800 
I~CPIPED.LT.t. l PIPED•1 086420 8800 

C SETUP COST OF DEEP UELLS 086430 1800 
UCl•<t.~•PIPED+3.2 l JUELLLNJWELLSJARI24.JDAV517 , JCFLWUK1 1.12 086440 8800 

c 

c c 
c 
c 
c 
c 

UCE•<8.15JPlPED+1. > aUELLLNJUELLSJARI2~.tDAVSt7 . JCFEUUK18,715 086450 8808 
UC"•C8.75JPIPED+3. lJUELLLNJUELlStARI24.JDAVS/ 7, 086460 8800 
OPERATING COST OF DEEP UELLS 086470 eee0 
UCl•UCl+t.SSJUELLSIPU"PTMtARJDAVSI ?. 086488 ttt0 
UCE•UCE+t.ett26StFLOULJPHtCe.et26+7.1 (2800 . +8.t08265JFLOULJPH l lJ 0864ge ttt0 

1UELLSJPU"PTMJARJDAVS17, 086500 8880 
UC~•UC"+5.JPHJ~lOWL118ttt0e.aUEllSJPU"PT~tARJOAVS17. 086510 eee0 
SETUP 086520 eee0 
IS IT CUT-AND-COVER 086530 8800 
IFCNSTVP.EQ.Jl GO TO 1888 886548 eeee 
soFT GROUND t86sse eeee 
1FCITVPE.EQ.2l GO TO ltte 086568 8800 
------------------------------------------------------------------ es&s7e eeee PUMPING FRO~ TUNHEl e86S8e eeee 
------------------------------------------------------------------ eass;e eeee 
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COSTUN Listing (Continued) 

c ------------------------------------------------------------------ eassae eeee Itt IF<FLO~.QT,t. > QO TO 868 086688 tete 
C MO COST IF FLOW IS ZERO 186618 tete 

QO TO lttl 186628 0001 
Ill IF CPH.LE.t.> GO TO 1111 086638 teet 

UCL•UCL+I.+11 . lPH/ 3111.+1.1031PIPL 186648 teet 
UCE•UCE+ Ct.25+PH/ 2ttt. >lFlOU/SI8. 886651 1018 
UC~·UC~+I.IPH/ l .. t.IFLOW/ lttt. 086668 8108 
CO TO 1111 t8667t 1018 

c ------------------------------------------------------------------ ea&&ae eeee c· SU"P PU~PIHC t866i8 0888 
c ------------------------------------------------------------------ ea&?ee eeee itt PU"PT~• C 1, /~R+tt, /RL >I7, /DAVS 086718 tta8 

IFCliHIHC.EQ.l l PU"PT~• C 1, /AR+48, /Rl >17, /D~VS t86?2t 0808 
UCL•S.IPU~PT~/Sti.IARIDAVS/7, 086738 0000 
UCE•t.41PUMPT"/ SII.lARIDAVS17. 086740 teet 
UC"•Ct.lS+t.lttti441PHIFLOUl liPUMPTMI S88.1ARIDAVS17, 086(50 0800 
Go To t88t 08676e eee0 

C SHAFT 086770 0880 
;se CLP•t. 086780 0000 

CEP•e. 0867ie eeee 
c~P·0. 086800 ee00 
RETURN 086810 8880 

c ------------------------------------------------------------------ eassae eeee C CALCUlATE PU~PIMQ COSTS 086830 8880 
1111 CLP•UCll24t ARI7, t DAVSl1.12 086840 eee0 

CEP•UCEl24, 1ARl7. 1DAVSit.715 086850 0880 
CMP•UC~I2~. /ARI7. /0AVS 086860 8880 
RETURN 886870 8800 
END ea6880 eeee 
SUIROUTINE CAIRC C ClACLCEAC,C~AC,Q,QT,8E,BF1ARLHOURS1NSTVPL~STAB, 8868it 8080 

1 ITVPE,AIRPR1 SfA1ISHAPE1HH,CAUT,AlO~KLuTC,DT~A,PU"~lT,D", 886900 8880 
2 AtOCKL,UCMCP,~FLW~K.~FEWWK,DAVS,V,~ER~ l 886;10 8880 

c ------------------------------------------------------------------ eas;2e eeee C CAIRC CO"PUTES THE COSTS OF UENTILATIO~, AIR COOLING, 086i30 0800 
C CO"PRESSED AIR, AND AIR LOCKS 086;40 eeee 
c ------------------------------------------------------------------ essgse eeee IF CHSTVP.EQ.3 ) GO TO 408 886;60 0880 

IF CHSTVP.£0.1 > GO TO 58 086~70 8880 
D18•SQRTC18.1A8SCPER" >l 086i80 8888 
IF CDtl.tT.e.t8S > Dte•e.1es 086SS8 0ee0 

C SHAFT OR TUNNEL 087880 0888 
St IF CITVPE.EQ.2 > QO TO 380 087818 0008 

c •••••••••****1*****1'******1 TUNNElS ******'*****••r•••••r•••• 087828 t088 C CHECK COOLING REQUIRE~ENT 087830 0088 
IFCQ,QT.I .> QO TO 188 087840 8088 

C NO COOLING 887850 0088 
ucLc•e. 087861 0088 
UCL~C•t. 087178 1818 
UCEC•I, 887888 8818 
uc~c-1. tB78;e 1eee 
co To a8e t87tee tl08 

C COST OF SETUP AND OPERATION OF COOLIHQ PLANT 087111 1181 
111 IFCAlOCK,QT,t, l UCLMC•QTlALOCK/48. 887128 1188 

IFCAlOCK.LT.t. > UCL"C•OTI<1.-Al0CK)/48. 887138 1181 
UClC•8.2t 887148 lltl 
UCEC•I.III81131QT t871St 8 .. 1 
uc~c·e.tele .. eao 8871&1 •••• 

(Cont inued) 
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COSTUN Listing (Continued) 

c ---·-------------------------------------------------------------- ea?t7e teat Itt IFC"STAI.H£.11 QO TO 61 887188 aeet 
c c~~ssEn AIR t871g8 88tt 

C~V•<II.S+lt.lALOQlt< n1t > >ISFAIIE112 t872t8 8888 
~LOKA•AIS<~LOCK> 887218 8881 
UCLCA•18.4 887228 8888 

C COSTS OF AIR LOCK AND SETUP 887238 8888 
UCLLKA•8t.4 8872•8 8888 
UCLLOK•<38ttt.+3.1HH l i C1.+t.2StCAlOKA-1. >> 887258 8888 
UCELOK•<ltttt.+t.81HH l iC1.+8.261 CAlOKA-1 .ll 887268 eeee 
ALOCKn•IF 887278 8808 
IF<lSHAPE.£0,3 > ALOCKD•t.SIJF 887288 8888 
lFCALOCKD.GT.1S. l ALOCKn•1S. 8872g8 8008 
IF<AtOCKL.LT.3t. l ALOCKL•30. 887388 8800 
~ALOCK•16.1ALOCKDtCALOCKL+AtOCKDl 887318 8088 
UJULK•S,I <SFAIIFll2-t.7851AlOCKDII2l / 27. 887328 0000 
UC~LOK•C1288.+t.11HHII C 1.+t.2Sl C ALOKA-1. 11+140.1VBULK1AlOKA 887330 8800 

C COST OF COMPRESSED AIR PLANT, SETUP AND OPERATION 887340 8000 
UCL~CA•e.e751C38888.+14.41CAUTliA~OKA 887358 8000 
UCECA•2.3+t.t8111CAVT 887368 0000 
UC"CA•8.8831CAVIC CC AIRPR+14.? 1/14.7+8.800la31PUMPtT lll0.242-1. l 087370 0000 
CLAC• C UCLlKAIHOURSIAR+UCt"CIDTC+CUCL~CA+UCLLOKIIDTCA liCFlW~K 887380 0000 

1 +CUCLCA +UCLClt2•,/ARI7. 10AVSll.12 88?390 0000 
CEAC• <UCEC+UCECAIJ24.1ARJ7./0AVSI0,?1S+UCELOK/DTCAICFEUUK 08?488 0008 
C"AC•CUC"C+UC"CAli24,/ARI7,/DAVS+UCMCP+UCMtOK/ DTCA 887.18 0008 

1 +8.0888151UAlOCKIHOURSIAR 887428 0000 
Go To see 887438 0008 

e ------------------------------------------------------------------ es?~~e eeee C CALCUlATE UNIT COSTS or VENTilATION 087458 0088 
61 UCLV•3,1D~ 88?468 0008 

UCEV•0.5+1.62SISrAIBEtl2/18tt. 8874?0 0008 
UC"U•3.3tSrAtJEt1210"/ 1888. 88?488 0008 
UC"DFU•3.+SFAIBEII21281. 887~S0 0008 
ClAC•UClVI<HOURSICFtWUK+t.SIVID" IIAR 887588 0008 
IF<DTC.GT.e. I CLAC•CLAC+ <UCLMCIDTC+HOURSIUClC/ AR/ 4. 1tCFlUUK 88?518 0008 
CEAC• C UCEU+UCECIHOURSIARI~.IICFEUUK 887528 0808 
C"AC•UC"DrU+HOURSIUC~UIAR+UCMClHOURS/ARI~. 887538 eeee 
Go TO see 087541 eeee 

C lllllllltlllltlllllltlllllll SHAFTS IIJJitltllllttlllllllltllt 087550 0800 
C COMPRESSED AIR AND COOLING COSTS 887568 eeee 

381 Ir<NSTVP.EQ,l.OR."STAB.H£.11 GO TO 488 0875?8 8008 
CAV• <28.5+18.1ALOQ18<D18 1l tSFAIBEJ12 887588 0801 
Q•7S.ICAU+2t.ISQRT<CAUI+Stlt. 187598 8881 
UCLCA•8.28 887611 8880 
ucEC•e.eeeee13lO 08?611 eeee 
UCECA•2.3+t.81111CAV 887620 0180 
uc"c•e.eeeeet9lO 887630 ee0e 
UC"CA•I.It31CAVl<<<AIRPR+1~.7l/14,7+t.t025 )118.242-1.) 887641 8080 
CLAC•UClCAI24,/ARt1.12 887650 eeee 
CEAC•<UCEC+UCECA>t2~./ARII.715 887661 8888 
C~C•CUC"C+UC"CA>I24./AR 887678 1181 
GO TO 611 887680 018t 

411 CLAC•I. 187&;e 8888 
CEAC•t. 887718 eeee 
C~AC•t. 887718 1188 

e ------------------------------------------------------------------ ea??ae eeee 611 RETURN tl7738 eeee 
END 187741 tete 
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COSTUN Listing (Concluded) 

SUJ.aUTtNE NE~SET<LO,Lt> 
~t"'HSION AC4l,IC4l 
O.T~ A~4H£ND ,4HOF S,4HVSTE,4MM 
WRIT£<LO ll A 

5 READCLI,,> I 
DO lt I•l 4 
IFCACI>.Nf.J<I>> CO TO 5 

lt CONTINUE 
RETURN 

l FOR"ATC1Hlt4A4l 
2 FORMTC4A41 

END 
SUIROUTINE ROCKCCLTSLCETSLCMTS,RQD1"E~1ISHAPE,BE,~R1 RS68E4t,BE6t, liTVPE,V HSTVP I~ ISU~PT,T~LATE,TSE~.PSoit YEB,PTCTAL 8 B LINUi, 

2~ST~81C~LCALH6URS,CFLUUK,CFEUUK,S~A.LINIHG.DM,CLL,CE{,c"(· 
3CLFUL~EFU,C~FUl 

1811 S~P•J.14 
vv•e.8 
5•4.8 
't'3•1.t 
UCL•'t'3tCSt.+.t41JEtt2l 
UCE•'t'3tCS.S+.tt3tCIE+1t.ltt2> 
UCM•'t'3tC2.l+.tt111Eit2>1HOURS~AR+VV 

12&t SECN•3. 
1271 CJOINT•8EJS~P/S+SECN 

UCL•UCL+.l7SICJOINTtAR/HOURS 
UCE•UCE+.t2SICJOINTtAR/HOURS 
UCM•UC~+.3tCJOIHT 
VJACKC•S~AICIE112-CIE-.333ltt2l 
UCL•UCL+1.3tVIACKCIAR/HOURS 
UCE•UCE+.SIVIACKCtAR/HOURS 
UCM•UC~+1.21VIACKC 
CLTS•<MOURStCFtUUK+VIDMltUCL/AR 
CETS•HOURStC~EUWKIUCE/AR 
CI'ITS•UCM 
ctt•t.e 
CEL•t.t 
CI'IL•t.t 
CLFI.I•t.e 
CE~Iol•t.l 
CMFLI•t.e 
RETURN 
END 

(Concluded) 
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e8'75t ~·~~ 187761 eete 
t3777t eeee 
t977ae eeee 
IB?7ge nee 
e878te ... . 
e&781t .. .. 
187821 •••• 
187831 .... 
887841 t8et 
887ase eeee 
887861 .... 
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