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PREFACE

A study of the cost of construction of underground, rapid tramsit
tunnels in soft ground was instituted under U.S. Department of Trans-
portation contract DOT-TSC-1104. The scope of construction work to be

considered was that:
o Between existing shafts or stations and

' Completion up to and including the pouring of all
finished concrete

The study was completed through an estimation of tunneling hours and

downtime hours to give an expected value, and distribution about that
value, of the total shift hours involved from start to breakthrough of
the tunpel. Additionally, some subjective factors influencing contin-

gency and profit are presented.

The study was sponsored by the Office of Rail Technology of the Urban
Mass Transportation Administration, the Transportation Systems Center
under the direction of Mr. Andrew Sluz, the Technical Monitor.

Mr. Joseph Keating, of Keating Associates, was the outside consultant

and provided data for the effect ¢f institutional factors.

Data from the Chicago tunnels were provided with the ‘:assistance of
Messrs. R.I. Leland and S.J. Sulinski of the Metropolitan Sanitary
District of Greater Chicago. 1Ing. Manuel Salvocho, of Ingenieros
Civiles Asociados, S.A., kindly provided information on Mexico City
tunnels. Other data were gathered and analyzed by Bechtel personnel;
P.L. Shank (WMATA), N.N. Munnerlyn and F.E. Velez (BART) inspected
hundreds of log sheets. Analysis of the data was performed principally

by L.R. Damskey with the able assistance of V.J. Miller.
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1. SUMMARY

Twenty~two tunnels from the San Francisco Bay Area Rapid Transit District
(BART), the Chicago Metropolitan Sanitary District, and the Washington
DC, Metropolitan Area Tramsit Authority (WMATA) have been analyzed to
determine what factors influence the Rate of Advance (RoA) through the

ground. The major effect is the increase in productivity achieved

through the effect of the Learning Curve. Other effects, due to soil

and equipment types, are multipliers to the basic equation.

Dowvntime for the various pieces of tunneling and muck-removal equipment
are random events that are difficult to forecast, although trends were

found and estimates determined.

An important aspect of the study was to quantify the variability of the
rate of advance and down time calculations. The estimator does the same
in a more subjective manner - each referring to his personal source of
information to decide the effects of expected soils and equipment on the
rate of progress through the ground. The results of our study in quanti-
fication of these variables are a step in the direction of understanding
some of the tunneling cause and effect relations and giving the causes a
numerical value., Quantification of these variables should reduce the size

of the contingency applied by the bidding contractors to more meaningful

terms of risk.

Data on the mining progress through the ground were of a poor quality.
In order to provide better data for analysis from future tunnels, recom—
mendations have been suggested for the tunnel (Ring & Face) log. At
best, the recommended data acquisition will quantify the future tunnel-
ing rates. At worst, the analyst will be given a better subjective view

of what occurred during tunneling.

1-1/1-2






2. SELECTION OF COST ESTIMATING TECHNIQUES

2.1 REVIEW OF SYSTEMS ANALYSIS METHODS BASED

ON COST ESTIMATES
Rapid transit tunneling is not an often repeated construction effort in
which costs can be scaled to the next tunnel. Nor can a few inflation
indexes be used to go from one time frame to a future period. And
lastly, no two tunnels will have the same ground conditions and equip-

ment uses. No two tunnels are the same!

Because of these differences, it seemed appropriate for the analysis to
examine the tunneling systems and not their costs. Barring new techno-
logies, some combination of personmnel, equipwent, and soils, taken from
many experiences of the past, will be brought together for tumnels to
be built in the future. Our effort, therefore, was to determine the
individual contributions of each of the components. And with that
knowledge, we can estimate the resources to be used for a specific
future tunnel and price out the resources at their going market price
at the time the tunnel is to be built. Escalation factors can be more

accurately estimated on a component by ccmponent basis at that time.
2.2 SELECTION OF OPTIMUM COST ESTIMATING
AND ANALYZING TECHNIQUES

The main components of a tunnel's construction are manhours, equipment

depreciation and maintenance, and bulk materials.

e Bulk materials — concrete, rebar, grout materials —
are largely a linear function of the tunmmel's length.



] Equipment depreciation and maintenance should be
available from historical records as well as from
published data.

] Manhours represents the crew size multiplied by the
shift hours from beginning to end. (The question is
how many hours will be involved? Shift haurs are
composed of tunneling hours plus equipment shutdown
hours.)

Estimates of tunneling hours based on linear feet per hour have not
resulted in an adequate estimate. The main effort should be a systems

analysis of the rate of advance (RoA) through the ground.

2.2.1 The Soils Estimate

A probability analysis relating core analyses to what was found
during the tunneling should be conducted. Conditional probabilities,
P (Soil B | Soil A), are based on the presence of one type to predict
another. And Baysian probabilities can be used to increase the like~
lihood of predicting probable soil characteristics with the inclusion

of additional data (new core samples).
All this can be displayed by a probability tree (1,2) to determine
the soils most likely to be encountered at various distances through

the ground.

2,2.2 Tunneling Equipment

Several different methods of face excavation are available: the one-
direction rotating cutting wheel, the cutting wheel capable of reversal,
the oscillating wheel (reputed to be no longer available), the digger
arm (similar to a backhoe), and manual digging. Depending on how many
types of excavating processes were to be found, Discriminate Analysis
could be used to find which excavation process was likely to be used

with which types of soil, tunnel length, and other tunnel parameters.

2-2



2.2.3 Mucking Equipment

Discriminate analysis could also be used to determine which muck transport

system fits the other tunnel characteristics best.

2.2.,4 Crew Size

Crew size and the various categories of skilled and unskilled crafts are
expected to be a function of the equipment used. This can be found with
a simple matrix having rows and columns of excavation and types of mucking

equipment.

2.2.5 Rate of Advance (RoA)

Using the weekly advance rates as the dependent variable, regression
analysis can be used to relate it with the many soil characteristics,

equipment used, and primary liner types.

2.2.6 Downtime

Reliability theory, together with regression analysis, can be used to
estimate the amount of time the equipment would be’ down and unavailable
for tunneling operations. Maintenance costs are, of course, related to

down time.

2-3/2-4






3. QUANTIFICATION OF FACTORS WHICH INFLUENCE
CONSTRUCTION COSTS

3.1 PHYSICAL CHARACTERISTICS

The set of physical variables decided on, after reviewing several sets

of tunneling data, were:

Tunnel Rate - ftr/wk Water Running in Tunnel - 1 + 2
Cumulative Feet of Tunnel to Date Hp to Cutter/Digger

Tunneling Hours in Week Total Jacking Potential of

Shield Down Time ~ hr/wk Shield - tons

Excav Equip Down Time - hr/wk 0D of Shield - ft

Conveyor Down Time - hr/wk Shield + Rotating Wheel - 1/2

Muck Transport Down Time - hr/wk Shield + Oscillating Arms - 1/2

Misc Down Time - hr/wk Shield + Digger Arm - 1/2

Admin Down Time - hr/wk Shield + Manual Digging 1/2

Total Shift Time - hr/wk Mucking Equip: Conv Belt + Train - 1/2
Silt & Clay - 1 - 2 Mucking Equip: Conv Belt + Truck - 1/2
Clay & Sand - 1 + 2 Mucking Equip: Rubber Tired Truck 1/2
Sand & Gravel - 1 » 2 Grnd: Yon-Cohesive - 1 + 2

Cobbles & Boulders - 1 » 2 Grnd: Running - 1 > 2

Cemented -~ 1 =+ 2 Lining: Ribs & Lagging - 1/2

Peat & Trash - 1 + 2 Lining: Conc Pipe Jacked into
Cohesive - 1 + 2 Place - 1/2

Tunnel Pressure ~ psig Last Week of Tunneling = 1/2

1 » 2: Varies between values of 1 and 2
1/2: A no/yes variable with a value of 1 or 2, usually

Based on the tunnels investigated, we believe these data items are

adequate to describe the tunneling system and its RoA.

During the last six tunmnels investigated, the soil was predominately sand
with clay and with poor standup time. Some breasting was required, and
consideration was given to adding this as another parameter. It was

dropped because breasting was not the major cause of slowdown (even though



breasting did slow the RoA).

by the basic so0il variables of Sand and Clay and Running Ground.

The quantification of the physical factors is discussed in Section 5

and 6, Analysis of Data and Predicting Equatioms.

3.2

Institutional effects are generally subjective variables that enter into
the contingency.

not directly measureable.

(1)

(2)

INSTITUTIONAL EFFECTS

Schedule/Time

Traditionally, bar charts have been used for scheduling;

but these charts only show the time for beginning and end

of activities. A network (CPM/PERT) chart shows the inter-

relation of activities which must be completed before
’ s

another activity can start. Without this type of analysis,

proper planning cannot occur; time overruns on subsequent

activities are not likely to be understood.

Direct Costs - Owner Acquisition

Land and Rights—of-Way. Generally the owner can more
expeditiously accomplish these activities (including
the right of eminent domain). Entry to buildings and
their preexcavation underpinning are also included.

Materials. For items of equipment that will span
more than one subcontract, procurement costs may
be reduced, including the cost of fimancing monies.

Insurance. The same rules would pertain to each
subcontractor. The consistency of the policy and

its jobwide scope should reduce the premium costs.

Building Permits. This would not seem to be as

cost sensitive to owner participation. Although

The major cause was adequately described

To a large degree they are subjective because they are

The factors decided upon for this study are:



the reduction of personnel involved (owner and city
agents) might expedite permit acquisitions, each must
be processed individually. WNegligible effect.

(3) Labor Productivity

Total job agreements are preferential so that each

craft is responsible and is treated the same on each sub-
contract. It would appear to be more expeditious if the
Owner negotiated the agreement and had it in hand by the

time the blds were awarded.

It is expected that there are differences in productivity.
Factors were investigated. OQur findings indicate a wide range

of subjectivity with little or no quantification of the indices,

The demand on a given labor market is believed to have an
effect: e.g., if the building economy 1s booming in a
specific area, additional demands on the local labor market

are likely to be met with persomnel of marginal productivity.

Compressed air work is subject to local labor negotiations. During the
BART construction contracts 1M0031/150022, the generalized maximum hours

of work were restricted by the air pressure to:
Max hr = 8.0-0.134(psig) (3.1)

Labor negotiations resulted in an annual pay rate increase. For the
three-year period, 1968 to 1971, and including the annual inflation
index, the hourly wage rate is described by:

n 1
$/Hr = [1.1036 (Max psig)‘°'°133] x [0.1715*0.0032 (ax psig)} :

where: n = years since contract (3.2)
was first in effect

The above applied to all union rates while under pressure. Foremen

received $4/shift in addition.

3-3/ 3—4






4. DATA DESCRIPTION

4,1 SOURCES. The data were found in the following forms:

1. BART: 1MOO31-MR,ML; 1R0O053-RR,RL.

The excavation and downtime data had been summarized
into weekly increments. Soil characteristics were
taken from a soil profile and written verbal descrip-
tions. Other data were in the tunnel report summaries.

2. BART: 1S0011-TR,TL,SR,SL; 1S0051A-SR,SL.

All data were obtained from rough logs: the ring
erection log with two rings/page, the foreman's log,
and a weekly advance summary.

3. Chicago Metropolitan Sanitary District: Upper Salt
Creek tunnels 1, 2, and 3.

All data were taken from weekly data summaries, soil

profiles, and written records of equipment used. In

one case, it was necessary to contact the shield fab-
ricator for data.

4. WMATA: 1F0012-FIB North Outbound, North Inbound, South
Outbound, South Inbound; 1F0021-F2A Outbound, Inbound
Branch Route Outbound, Branch Route Inbound; 1D0091-D9.

All data were taken from the ring report logs (one page/
ring), soil profiles, written rough logs, and oral commun-
ication with personnel involved in the tynnel excavations.

5. Mexico City Deep Sewer.

The data were received too late for study and analysis.
The text is in Spanish and is appended (Appendix B) as
a potential source of information. The tunnel charac-
teristics were different enough to have been useful in
the analysis.

Copies of the original data are found in Appendix A~1,2.



4.2 SOILS

Soils engineering suggested classifications other than those ultimately
used. The difference lay in that the descriptions used by the face crew
foreman were not those of a soils engineer, and the face crew foreman,
for all his lack of exact scientific expertise, was in the hole and mak-
ing a continuous log of the face conditions as he saw them. The cate-

gories finally used were:
e Silt and Clay
(] Clay and Sand
[ Sand and Gravel
] Cobbles and Boulders
[ Peat and Trash
[ Cemented
[ Cohesive

[} Running .

For each soil category, a value between 1 and 2 (0 to 100%) was to be
assigned so as to describe the average face composition. The logged
data did not permit the inclusive description, and in many cases the
composition does not add to 100 percent. Fortunately, the transitory

changes did not appear to have major effects on the RoA.

Running water affected the RoA whether the water was perched or from
an unlowered water table. The quantity of flowing water was not metered.

Our quantification became:
) 1.0 Dry
o 1.25 Moist
° 1.50 Wet
'] 1.75 Running and impeding operations

[ 2.0 Flooding and stopping operations.

4=2



4.3 PRIMARY LINING

All but one tunnel used either steel segmented rings or ribs and lagging.
The one exception was in Chicago's Upper Salt Creek No. 2 sewer inter-
cept, where a 9.28~foot-diameter shield was used. The concrete lining,
being both primary and finished, was lowered in segments through the
nearest following shaft and jacked into place over a slip bed of wet

bentonite. Later the bentonite was replaced with a cement grout.

4,4 MINING OPERATIONS

For each tunnel analyzed from the basic logged data, the time for the

' was ob-

shove, the ring erection, and what is here called '"dead time,’
tained. From these data, a pseudo RoA equation was developed for each

tunnel involving the intercept and learning-curve exponent in the form

of equation (5-1). Time and resources did not allow further analysis.
It is suggested that further study of the data may disclose information
that would permit the tunmeling contractor to increase his efficiency

for these operations.

4.5 DATA PROCESSING

In both the RoA and downtime estimating equations, the logic suggested
that cumulative feet would be the dominant independent variable (in the
latter equation, I ft represents time, most frequently found in reli-
ability analyses), and all other independents would act as multipliers
representing the perturbations around the relation between the dependent
and independent variables. To accomplish this, the multiplier must have

"1" or a

a value of 1 when the parameter in question has no effect; a
"2" was used in no/yes statements and a range of 1 to 2 was used to de-

note a characteristic that varied fractionally between O and 1.

4-3



4.6 GROUT

Only the BART 150011 TL/SL tunnel's grouting data were analyzed. Both
pea gravel and cement grouts were used in the ratio of 1.54:1. The total
grout consumption was 4.1 percent greater than the theoretical void left

by the shield.

Although of minor cost, it may be possible to relate the consumption of

grout to the soil types.
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5. ANALYSIS OF DATA

5.1 BACKGROUND

Tunneling, taken in its entirety, comprises so many diverse activities
that it soon became obvious that it would be necessary to divide it
into subtasks that were basically homogeneous in order to model each

as a unit operation. The resulting concept is shown in Figure 5~1.

The activities within the dotted line framework are concerned only

with nonmonetary rescurces.

e The tunnel length defines the quantities of bulk
materials to be used. It also influences the choice
of tunneling equipment and influences the RoA.

] Soil characteristics and primary liner types both in-
fluence the tunnel equipment choice and affect the
rate of advance.

] Tunnel equipment sets the crew size, influences the
contractor's capital costs, and affects the RoA.

) The above then set the RoA and have a large effect
on equipment relijability.

] From the RoA, the tunneling hours are estimated.

] Equipment reliability estimates the downtime hours.

e The combination of crew size, tunneling, and down
hours provides the estimate of nonexempt crew

manhours.

] Current costs are then applied to estimate the
tunneling cost without contingencies and profit.

] Institutional factors (identified contingencies),
unidentified contingencies, and profit are applied
to reach a total cost.



» Throughout the calculations, an error of estimate is
carried. The various costs (the result of the average
values for all the above) and their variations are
combined in a risk model (Monte Carlo) simulation to
obtain a range of total costs and the probability of
the occurrence of each.

—nNnooO -0
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r—] TUNNEL LENGTM suLK BULK =
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10
N
i 4
5 [ ¢
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Se?
oo

TOTAL COST —
Figure 5-1. Economic Factors in Tunnel Construction

5.2 LEARNING CURVE

Literature research on Rate of Advance analysis yielded little in
the way of mathematical analysis. Several authors mentioned that
the RoA increased as the crews learned to work together and equip-
ment deficiencies were eliminated.(3) One author(A) used . the term
"Learning Curve." An analytical approach is given by Pietrzak and

(5)

McJunkin based on hard-rock tunneling. Although these authors
do not provide details of their model's logic, it does appear that
there may be similarities between their model and the work being

reported on here.
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The concept of a learning curve where subsequent repetitive work is
achieved at a higher rate of productivity is certainly not new.(6)
The airplane frame industry found that with their mixture of manual
and machine work, an 80-percent curve, on the average, defined their
increase in productivity. That is, each time the number of airframes
produced was doubled, the last unit required only B0 percent as much
time as the reference unit. 1In the case of tunneling, using the
average learning curve exponent found for all the tunnels studied,

82.3 percent, and an initial rate of 4.0 hours/foot, the following

rates might be expected.

Cumulative Feet

of Tunnel Hours/foot Feet/hour (RoA)
1 4 0.25
2 3.29(4x0.823) 0.30
4 2.71(3.29%0.823) 0.37
128 1.02(1.243%x0.823) 0.98
1024 0.57(0.693%x0.823) 1.75
2048 0.47(0.57x0.823) 2.13
4096 0.39(0.47x0.823) 2.59

In general, industry has found that the degree of learning depends on
the mixture of men and machines used. TFigure 5-2 describes the

(7

change in learning curve, as reported by Hirschmann, with the per-

centage of manual effort used in the specific task.

It seemed obvious that the learning curve should apply to the repeti-
tive tasks of the shove and primary ring erection. Theoretically, the
learning curve should be a continuous negative-sloping curve. In
actual practice, interruptions to the work (equipment failures, planned
shutdowns, etc) as well as modifications to the tasks (different soils,

substitution of new equipment) occur to change the position of the curve.



A new soil might displace the curve. New equipment might merely in-
volve an upward perturbation and then a rapid increase in productivity

to again reach the former curve position.

In general, what might have been expected from a theoretical 'learning
curve' approach to the analysis is what was found for the RoA in soft-

ground tunneling.

An example of the persistence of the Learning Curve was found in the
BART RR/RL tunnels. Upon completion of the RR tunmel, the shield was
immediately moved to the RL tunnel and tunneling continued. Except for
an initial perturbation to the RoA, the advance rate quickly fell into

line with the rate being achieved at the completion of the RR tunnel.

PERCENT LEARANING CURVE

LEARANING CURVE EXPONENT

p—
o

0 25 50 75 100
PERCENT MANUAL EFFORT

Figure 5-2. Relation Between the Percentage Mix of Manual and Machine
Effort, Percent Learning Curve, and Learning Curve Exponent
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5.3 PRELIMINARY ANALYSIS

In order to explore the learning~curve concept, raw data for several
tunnels were plotted; Log (hr/ft) vs Log (cumulative ft), Figure 5-3.

The learning-curve function is of the form

hr/ft =TI (Z ft) €

(5.1)
where: 2 ft = cumulative feet
I = hr/ft for the first foot of excavation
E = the learning-curve exponent
= -1
Hr/ft = (RoA) (5.2)

and: Percent learning curve = 100 exp (E * Ln 2)
Data sets for the first three tunnels had been summarized into weekly
units of data; therefore, all subsequent data accumulations were kept
in a weekly farmat. The dependent variable (hr/ft) is the weekly
tunneling hours, exclusive of any down time, divided by the feet of
advance accomplished during the week.

100514, SR
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® SHOVE
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I DEAD TIME

& TOTAL CYCLE

(® HR/FTITI( 040

T3 {ZFT} ~0.3400 J904 ¢

I 8.508 (ZFT) 048284 pp 65 .
§ 03374z FTy 01T gy pyp 0
2.0
15
omsz (ZF1) 027206 gy g
1.0
00
ne

i | | i
10 50 100 500 1000
CUMULATIVE FEET

0.01

Figure 5-3. Tunneling Rate of Advance vs Cumulative Tunnel Length
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The independent variable (3 ft), in order to be compatible with the
weekly average characteristics of the dependent variable, is calculated
as the cumulative sum through the previous week's excavations plus half

of the current week's distance.

The data can then be regressed to determine the values of I and E.

The resultant equation can then be considered to be a rate equation

d (hr) (5.3)

m=1(2 ft) E

and can be integrated between distances n and n + m.

nim
d (hrh =1 (Z 0 d (f (5.4)

¥or reasons that will be discussed later, valid results will not be
obtained by integration between zero and the total number of feet in
the tunnel; integration should be in parts to conform to the types of soils

and other perturbations expected to be encountered during the excavation.

By calculating the number of hours required to excavate the tunnel

and given the crew size, the number of tunneling manhours is estimated.

However, equipment does fail. And when the equipment is down for repair
(or, for that matter, whenever there is a shutdown), the crew is usually
on standby and must be paid. Therefore, it is necessary to estimate

the downtime that may be encountered. Reliability theory has found that

equipment generally responds as shown in Figure 5-4.

In developing a failure-rate function, the dependent variable was de-
fined as hrs down/ft and the major independent variable as cumulative
feet; both specified in weekly terms as before. A predicting equation
to develop the number of downtime hours during the tunnel excavation
will permit the estimation of crew manhours idled. The sum of the
tunneling and downtime hours is an estimate of the non-exempt payroll

and the time duration of the tunneling.
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Figure 5-4. Typical Equipment Failure Rate Curve with Time

It is of primary importance to note that the Rate of Advance is not
assumed (as is normally done). It is calculated, based on the con-
ditions expected to be encountered. Among those conditions are the
soil characteristics (either from a decision-tree estimate or a core-

boring profile) and the equipment to be utilized.

Figure 5-1 shows the cost calculation logic. It is expected that,

once the soils and tunnel length are specified, the tununeling and mucking
machinery ranges are considerably reduced. And when the machinery is
ldecided upon, barring labor union restraints, the crew size is determined.
On the basis of the foregoing evolved concepts, some details of the

analytical work will now be discussed.
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5.4 METHOD OF ANALYSIS

Regression analysis was used to determine the effects of the so-called
"independent" variables on the dependent variable, hr/ft. Independent
variables should be independent from each other but, in commercial
practice, a high degree of interdependence is usually found among these
factors; i.e., a high degree of statistical randomness among the vari-

ables might well indicate a poorly managed project.

In fact, the lack of independence, when analyzing the individual tunnel
data, resulted in the derivation of some learning-curve exponents that
were considered to be impossible. The method of getting around this
problem was to plot each tumnel's hr/ft vs T ft on log-log paper. The
obvious outliers could then be eliminated. Outliers, in this sense,
means those data points which are displaced from the negatively sloping
line due to some other variable effects, such as a change in soils, a
series of mechanical breakdowns, etc. The renaining data sets were
then related, using only a desk calculator, to solve for the I and E

of each tunnel.

The next step in the analysis was to find the effects of the remaining
variables. The logic sugzested that the effects of the other variables
would be as multipliers; therefore, the regression used the logarithms

of the variables.

(hr/ft)
lbn{ —— = f(Ln X, Ln X_, -, Ln X ) (5.5)
I(E f't)E 1 2 n

The above reasoning was tried on several tunnels. The following set
of figures demonstrates an example from one of the WMATA tunnels.

Figure 5-5 is the plot of hr/ft vs Ift. Figure 5-6 is a logarithmic
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plot of the same data with the assumed outliers circled. Figure 5-7

is a transformation of the dependent variable to the form used in
equation (5.5) vs Ift; the learning-curve effect on productivity has
been removed. The data have now been normalized and all data sets are
scattered about a horizontal axis having a value of 1.0. Figure 5-8 is
a plot of the unexplained residual‘(reported-predicted)* vs Zft after

regressing in the form of eguation (5.5).

The scale of the ordinate is the same as that of Figure 5~7. It can be
seen, in comparing Figures 5-7 and 5-8, that the variance from the

horizontal line is greatly reduced in the latter. It appears that re-
gression analysis can develop a mathematical model that will satisfac~-

torily estimate a tunneling Rate of Advance.

To determine how closely the tunneling hours can be duplicated, a dif-
ferent set of tunnel data were regressed to estimate the weekly Rate of
Advance. The corrections due to soils, equipment failures, etc., are
fractional multipliers whose effects are different depending upon the

numerical value of hr/ft.

Two methods were used in the calculation. One was to integrate the
derived eguation between the weekly stations. The other was to multi-

ply hr/ft by the weekly advance. The results are shown in Figure 5-9.

*Note that the word "reported" is used rather than the usual word
"actual” in calculating the unexplained residual. 1In general, the
reported data were extremely doubtful in character. In one case, the
soil changed from sand and clay to sandy clay and back again as the
shifts changed. And sometimes, damp, wet, or molst sand was used
interchangeably. Throughout our investigation into the raw logged
data, it was obvious that little or no attention had been given to
consistent observation and logging of data. And certainly no thought
had ever been given to the possible future use of the data in a
quantified analysis.
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In the integration case, the error was 2.2 percent — 749.4 hours re-
ported vs 766.0 hours calculated. In the summation case, the error
was 0.7 percent — 749.4 hours reported vs 754.6 hours calculated.
Again, the logic of the model development appeared to satisfactorily

duplicate the reported tunneling hours.

5.4.1 Crosg Tunnel Derivatipns

RoA equations were derived for several individual tunnels in order to
investigate potential problems which might cccur when all the data were
combined. TFor instance, there were statistical outlier data points in

the individual tunnel data for which there were no explanatory variables.

e An error could have occurred in the dependent variable,
hr/ft. The lineal tunneling distance was probably cor-
rect, because both the starting and finishing stations
were always compared with the number of rings erected.
The error was most likely in the tunneling hours; i.e.,
shutdowns had occurred and were not reported or were in-
correctly reported. This would result in too great a
value for hr/ft in this data set.

. Errors in the independent variable could (and did)
occur because of incomplete tunneling data logs;
e.g., the soil characteristics changed and were
not reported.

These outlier data were generally removed from the regression data

before combining all data sets.

The combination of all the tunnel excavation data, with all the soil and
equipment variations, permitted the derivation of an RoA equation that
could not be derived with the limited variations in soil characteristics
and single equipment sets found in individual tunnels. Additionally,
the RoA equation used the intercepts and learning-curve exponents de-

rived from the individual tunnel data.

Both the intercepts and learning-curve exponents appeared to be functions

of soils, equipment, and the managerial expertise of the contractors.
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No data to classify the expertise existed; therefore calculations were
restricted to soils and equipment. Both derived equations gave statis-

tically satisfactory results.

Substitution of I and E into the RoA equation permits the hr/ft to
be calculated. Two methods were used to calculate the tunneling (oper-

ating) hours: integration and summing of finite units of tunneling feet.

The RoA equation (6.3) is derived in Section 6.3. For the purpose

of this discussion, consider the equation to be of the form

hr/ft=1(Z ft) E (F) (5.6)

where: hr/ft = Average time to excavate during a specific
distance of the tunnel’s length.

| & E = Intercept and fearning curve exponent

F = A consolidation of all correction factors.

Calculation of the tunneling hours requires that the tunnel be broken into
sectors of roughly equivalent soil expectations. Correction factors are

then calculated for each sector. The weekly averages were used here.

5.4.2 Integration Method

Equation (5.6) is integrated between stations d and d+i along the tunnel.

Each sector is considered. The tunmneling hours are calculated by

d+i
hrs“=|F.,[ (Z f) Ed (fy) (5.7)
d

to obtain e
| F. E + '

hrs, = == (Zft)
‘ (5.8)



Total tunneling hours are the sum of the sector hours

i
Total Hours = I (hr), (5.9)

i=1

5.4.3 Summation Method

The only difference in summation is the calculation of the sector hours;
they are now estimated by using equation (5.6) directly and multiplying

by the number of feet, m, in the sector, 1i.

hrs  =ft 1 F (Zft, +05ft) © (5.10)

The modification to the variable Z ft is due to the RoA derivation use-
ing the average rate during a sector having average correction charac-
teristics. To conform to this logic, the cumulative feet of progress
were taken to be half che distance m in sector i plus the total distance
excavated up to the bepinning of sector i. Total tunneling hours are

as in equation (5.9).

The two methods of estimating the total tunneling hours are shown, for

each tunnel analyzed, in Appendix A-3.

5.4.4 Total Down Time

To estimate the total hours required to excavate the entire length of
the tunnel, the amount of non-tunneling hours due to equipment failures
and administrative shutdowns must be added to the tunneling hours.
Total down time was fitted to an equation of the form shown in Figure

5-4. Because of the random nature of the failures, the equation fit
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is less satisfactory, statistically, than other derived equations.

The results, on a tunnel-by-tunnel basis, are shown in Appendix A-4.

It was intended to derive equations to describe the failure rates of

the various excavation systems; i.e., the shield, the rotating wheel/
digger arm, the mucking system, etc. Although the information is
available in the data bank, insufficient time and resources precluded
their derivations. Certain of these downtimes are needed in the RoA
equation; e.g., shield, excavating equipment, misc. and administrative
down hours/ft of advance. In addition, they are alszo needed to estimate
maintenance costs. The latter could not be found as a separate category.
Until the equations become available, the program user will continue to
rely on his own data and that published by the AGC in their Contractors'

Equipment Manual (7th Ed. 1974).

5.4.5 Total Hours

Total hours is the sum of tunneling and downtime hours. On a tunnel-
by~tunnel basis, Appendix A~5 shows total hours, by both the integration

and summing methods compared with actual hours.

3.4.6 Variability of Predictions

The only certainty about estimating is that a single monetary projection

is bound to be too high or too low when compared to the final actual

costs. A more useful estimate will cover the range into which the final
results will probably fall. The range may be estimated subjectively by the
estimator using the knowledge and background of those familiar with the
task to be performed. Or, as will be discussed here, it may be quantita-
tively estimated from the errors of estimate produced from the statistical
procedures used in deriving the equations.

A method of imputing the range is known as Monte Carlo simulation.(a)
In this procedure, an equation is solved many times, and each time the

equation is solved, each independent variable's coefficient is randomly
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changed within the confines of each coefficient's statistical variation.
In this manner, the equation, or process series, is solved enough times
to permit the estimation of the distribution of the answers. The curve

in the lower left corner of Figure 5-1 illustrates the result of such a

simulation.

The weekly progress rate, in hr/ft., is an example of tunneling variability.
The median progress value is that rate most likely to occur. However,

there is approximately a 50-percent chance that this value will be exceeded.
Note that Figure 5-10 is not a normal distribution; it is approximately

log normal. The cumulative distribution of these data is shown in Figure
5-11 where the median RoA was 0.60 hr/ft (1.67 ft/hr). At the 80-percent
probability level, the RoA was 1.125 hr/ft (0.89 ft/hr) or less. And at

the 20-percent probability level, the RoA was 0.325 hr/ft (3.08 ft/hr) or

less.

The variability of the tunneling hours, using equation (5.8), would now

be estimated, for the integration method, by

(Ln F. *r 0.} d+i
T+ro)e i 7F {E Y+ 1 (5.11)
hrs,. = L | (Z ) 3%

i _(EtrsoE)‘H d

and for the summation method, by

{LnF, *r,0.} (E+
hrs,. =ft. I+ r,g)e im2F Zft,+ 0.5 fr) f3%’
(5.12)
where: r = random normal deviate
¢ = standard error of estimate of the individual
predicting equations
Total downtime hours are calculated by
{(Ln DH, trao,,,}
Dhrs =ft e " YoM
{(5.13)
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Equations (5.11) through (5.13) calculate the distribution of hours
for sector i. To obtain the total hours over the tunmnel's length,
equation (5.9) is increased to include the individual sectors' vari-
ability. To do this it will be necessary to calculate the variance of
the estimate for each sector, i, sum the variances over the sectors,
and then take the square root of the sum. This is the standard error

aof estimate of the total hours.

(5.14)
, _ZAhr?) - (Zhr)2/N
0° =
! N-1
where; hr.= Hours calculated for sector i
N = Number of iterations used to calculate the
distribution of hours
The total hours variation, or standard error, is
(5.15)

j 0.5
05 he ™ |2 (Uzh

i=1

Equation (5.9) is now modified by adding the results of equation (5.15)

to obtain

j i .5
Totalhours =X f(hr). | (0?),

i=1 i=1

(5.16)

The distribution of total in-the-hole hours is calculated from

equation (5.16).
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The above means of estimating the tunneling and downhours are based on
random occurrences during normal operations; extraordinary events were
excluded from the analysis. For instance, on one pair of parallel
tunnels, the shield passed through shafts at 12.5 and 44.5 percent of
the total tunnel distance. The contractor opted to spend about two
weeks at each shaft on each tunnel for shield and excavator wheel main-
tenance and modifications. In addition, when the shields were within
200 feet of the tunnels' ends, forward progress was halted as the

station was not ready for the breakthrough.

5.4.7 Other Costs

After the total shift hours are estimated, crew staffing and current
labor costs are combined to estimate the labor cost distribution. Data

on staffing were obtained for most of the tunnels. Properly, the possible
variance in both the staffing and labor costs are estimated and combined
with total hours variance, using the technique of the propagation of

error {variance), to calculate the labor cost distributionm.

The parameters of tunnel length, anticipated soil characteristics, and
primary liner types are expected to influence the selection of equipment

for excavation and mucking.

In the time available, maintenance costs, either total or on individual
items of equipment, could not be found. It is not known whether these

costs are individually itemized or are buried in other operating costs.

The effect of not quantifying crew, equipment, and maintenance costs,
either because all or part of the data were not available or could not

be found, results in a void in the calculation procedure. These data

are normally available to contractor's estimators from the contractor's
properietary information data bank. The disadvantage to the proposed
calculation procedure is that the information can not be weighed to bene-
fit from the experience of many tunneling operations. We believe that fu-

ture studies should find and analyze these histories.
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6. PREDICTING EQUATIONS

Derivation of the predicting equations was accomplished by stepwise
multiple regression. The first equation computer run, after eliminating
variables that logic suggested should not be included, was to determine
the correlation coefficients between the individual remaining independent
variables and those data sets that appeared to be outliers (due to a lack
of explanatory variables or just poor data). OQutlier data were elimin-

ated on the preliminary tunnel-by-tunnel runs.

A technique used to reduce intercorrelation between variables is to
create new variables by adding and subtracting; e.g., if X1 and X2 are
highly correlated, it may be possitle to find coefficients for each that
are less correlated or completely independent by adding the new variables
X3 and X4 to the regression matrix, where

X3 = X1 + X2

X, =X %

If the regression results included all four variables, such that

Y= a+b X1 +cX, +d X, +eX

2 3 4°

the resulting coefficients for Xl and X2 would be for

XI: b+d+e

and for



The above technique was used for all correlation coefficients > + (0.3.
Unfortunately, this procedure does not directly give coefficient standard
errors of estimate. In the example above, an error of estimate is cal-

culated for all four wvariables.

PROBABILITY THAT LEARNING CURVE VALUE WiLL BE IMPROVED

0
100 90 80 70 60
PERCENT LEARNING CURVE

Figure 6-1. Distribution of Learning Curve Values



6.1 THE RATE OF ADVANCE EQUATION LEARNING CURVE EXPONENT

The Learning Curve Exponent varied from tunnel to tunnel; the average
for the 21 tunnels was -0.281 (an 82.3 percent curve) with a standard
deviation of 0.071. The cumulative distribution of the exponents found
is shown in Figure 6-1. Because of the large variation in the exponent,
a means of predicting is required. Managerial control undoubtedly has
a large influence on the exponent (a measure of productivity) but was
unknown for analytical purposes. We were quite aware of the potential
value of such a subjective measure of supervisory control; however, in
past attempts to quantify this variable after-~the-fact, it was found
that the inclusion was usually statistically nonsignificant. WNor did
personnel want their gradings recorded. The subject is noted here to

signify that the variable was recognized as meaningful.

In section 3.1 it was stated that the symbols 122 and 1/2 mean that a
parameter either has an assigned value which varies between 1 and 2 or
has a yes/no value of 1 or 2. The 1,2 variation was chosen for compu-
tational reasons rather than a 0,1 range, and is used in this and

subsequent derived equations.

Equation (6.1) gives some quantitative insight into the effects of the

independent variables on the rate of productivity increase. For instance,

° Increasing the work week from 40 to 80 hours is about
a 19% increase in the exponent. A further increase
to a 120-hour work week has a marginal increase of
only about 9 percent. The rationale might be that
the discontinuance of starting and stopping daily
operations is reflected in the tunneling producti-
vity exponent.

® Tunneling in running water (a value of 1.75 assigned)
vs tunneling in moist ground (1.253) reduces the
productivity rate exponent by approximately 250
percent.

) The productivity exponent is bettered by increasing

the jacking potential, and it is reduced with the
cross section area of the shield.
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° Except for the coefficients for soil cobbles and
boulders, and for peat and trash (for which there
were insufficient data), the effects of soils on
the productivity rate can be estimated.

Table 6-1 shows the exponent observed for the individual tunnels,

the predicted value, and their differences.

LEARNING CURVE EXPONENT = —0.5538 — 0.00938 =

Ln (Total Shift Hr/Wk) + 12.03025 * Ln (Siit and Clay: 1 = 2) — 0.03271 =

Ln (Cobbles and Boulders: 1 — 2) + 0.06094 * Ln (Cemented Ground: 1 - 2) — 0.23648 =
Ln (Peat and Trash: 1T — 2) + 0.03254 * Ln (Cohesive Ground: T = 2) — 0.03254 »

Ln (Running Ground: 1 = 2) +(:.02192 * Ln (Water Running at Face: 1 - 2) — 0,06555 *
Ln (Tunnel Working Pressure — Psia) — (.03964 * Ln (Jacking Potential — Tons/ft?)
+0,17693 * Ln (OD of Shield — ft) + 0.04705 *

Ln (Shield and Wheel: 1/2) + 0.05597 * Ln (Shield and Digger Arm: 1/2) — 0.04746 »

Ln {Conveyor Belt and Tru::k: 1/2) + 0.04705 * Ln (Rubber Tired Muck Vehicle: 1/2);

S, = 0.051 R2=0.9699 (6.

1)



Table 6-1

COMPARISON OF ESTIMATED AND PREDICTED

LEARNING CURVE EXPONENT

Observed Predicted
System Contract Tunnel Value Value Difference
BART 1M0031 MR -0.2920 -0.2875 ~0.0045
BART 1M0031 ML -0.2501 ~0.2741 0.0240
BART 1R0053 RR/RL -0.2343 -0.2461 0.0018
BART 150011 TR ~-0,2706 -0.3215 0.0509
BART 150011 TL -0.3977 -0.2904 ~-0.1073
BART 150011 SR -0.2363 -0.2805 0.0442
BART 150011 SL ~-0.3621 ~0.3295 -0.0326
BART 150051A SR ~0.3404 -0.3472 0.0068
BART 150051A SL ~-0.3940 ~0.3317 -0.0623
Chicago 68-404~2S Usc #1 -0.4016 -0.3345 -0.0671
Chicago 68-405-258 usc #2 -0.3385 -0.3391 0.0006
Chicago 68-406~28 Usc #3 -0.2415 -0.3215 0.0800
WMATA 1F0021 F2A Qut -0.2764 -0.2578 -0.0186
WMATA 1F0021 F2A In -0.2192 -0.2607 0.0415
WMATA 1F0021 F2ABR Qut -0.2589 -0.2811 0.0222
WMATA 1F0021 FZABR In -0.3158 £0.2777 ~0.0381
WMATA 1F0012 F1B No. Qut -0.2229 -0,1914 -0.0315
WMATA 1F0012 Fl No. In -0.2673 -0.2324 -0.0349
WMATA 1F0012 Fl1 So. Qut -0.1287 ~0.1825 0.0538
WMATA 1F0012 F1B So. In -0.2055 ~0.1839 -0.0216
WMATA 1D0091 D9 So. In ~-0.2476 ~0.2268 -0.0208
Based on Individual Tunnels, the:
Standard Error of Predictiom: 0.0462

Amount of variability Removed by Predicting Equation:

55.4%




6.2 THE RATE OF ADVANCE EQUATION INTERCEFT

Each tunnel not only had a different learning curve exponent, but also
had a different intercept value (the theoretical time to mine the first
foot). The mean value of all the data was 3.815 with a standard devia-
tion of 2.557 hr/ft. The cross tunnel computer run was made prior to

the inclusion of all the data (322 data sets vs 388 finally available).

Time and resources prevented a final run.

The derived equation (6.2) is given below. Table 6-2 shows the indi-

vidual tunnel's observed intercept as well as that predicted.

_ Silt and Clay| ®2#'®  [Clay and Sand} 01218
Intercept = 0.4121» 1 ) R P .

Sand and Gravel} 0.1928 (Peat and Trash) —1.2698 (Cemented Ground) 0.146*
1 "\ 2 W o- 2

{ Cohesive Ground) 0.208 (H20 at Face) 02069 (Tunne! I?ressure) 01278
t - 2

* psia
1 1 - 2

Runmng Ground\%35%  [Shield and Whee!) 00716 [Shield and Digger arm) 0.2068
1 1 - 2 1 - 2

Shield and Manual Dlggmg) 0.5694 (Conveyor Belt and Train) —0.2784
1 1/2

(Conveyor Belt and Truck) -0.41 35* (Rubber Tired Vehicie) 15295
1/2 1/2

(Hibs and Lagging) —1.1369 (Concrete Pipe Jacked |n) -26217 |, -1.3957 " £
* »
1/2 1/2

2 o =



Table 6-2

COMPARISON OF ESTIMATED AND PREDICTED

RATE OF ADVANCE INTERCEPT

Observed Predicted
System Contract Tunnel Value Value Difference
BART 1M0031 MR 2.497 2.692 -0.195
BART 1M0O031 ML 2.391 2.689 -0.298
BART 1R0053 RR/RL 9.314 10.661 -1.347
BART 150011 TR 3.035 5.045 -2.010
BART 150011 TL 6.754 5.368 1.386
BART 150011 SR 2.811 3.823 -1.012
BART 150011 SL 7.856 5.136 2.720
BART 150051 SR 7.134 6.338 0.796
BART 150051 SL 8.553 10.639 -2.086
Chicago 68—-404-25 Usc #1 3.476 1.961 1.515
Chicago 68-405-25 usc #2 0.722 0.716 0.006
Chicago 68-406-2S usc #3 0.783 1.675 -0.892
WMATA 1F0021 F2A Qut 2.390 3.194 ~-0.804
WMATA 1F0021 F2A In 2.353 3.624 ~1.271
WMATA 1F0021 F2ABR Out 1.811 2.488 -0.677
WMATA 1F0021 F2ABR In 2.928 3.007 -0.074
WMATA 1F0012 F1B No. Out 3.083 2.431 0.652
WMATA 1F0012 FIB No. In 3.456 2.872 0.584
WMATA 1F0012 F1B So. Out 1.776 2.398 -0.622
WMATA 1F0012 FIB So. In 2.108 2,453 -0.345
WMATA 1D0091 D9 So. In 4.879 4.217 0.662
Based on Individual Tunnels, the:
Standard Error or Prediction: 1.201

Amount of Variability Removed by Predicting Equation:

76.8%




Some conclusions that can be inferred about the initial Rate of Ad-

vance from the equation are:

e Relative to the clay and sand category,
-~ 8ilt and clay is about 7 percent slower,
— sand and gravel is about 5 percent slower,
— cemented ground is about 2 percent slower,
— cohesive ground is about 6 percent slower,
— running ground is about 17 percent slower.

® Compared with the rotating cutting wheel, and where
soil conditions will permit alternate excavation
methods,
—~— the digger arm is about 10 percent slower,
— manual digging is about 41 percent slower

e Compared with a conveyor belt and tram for muck
removal,

— a conveyor belt and truck are about 9 percent
faster,

-~ a rubber~tired vehicle is about 35 percent slower.

e The initial rate is inversely proportional to the
learning curve exponent (E).
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6.3 RATE OF ADVANCE EQUATION

The large matrix size, 115 real and created variables, required the
location of a computer program with larger capacity. The time delay
reduced the time available for analysis. Although equation {6.3)
predicts with a high degree of accuracy, improvements can be made by
manipulation of data and the inclusion of new types of soils (no

glacial till scils were included).

The predicting equation (6.3) is given below. Table 6-3 shows the

standard error of estimate, based on equation (6.3), for each tunnel.

*

- 0.4095  [gp; 0.1088
Hr/Ft =i (EFt)E . (.T_c.’la_l_FQ;‘ﬁﬂﬂ + 1) . (Sh:eldF[t)wn Hr + 1)

[Excav. Equip Dwn Hr 04095 (Misc. Dwn Hr —0.3783  fAdmin Dwn Hr 0.643
1) el +1 1

\ Ft Ft Ft

*

sm&mwwﬂﬁ @w&wﬂ4”ﬂ meemﬂmm
12 1-2 12

*

(Cobbles & Boulders) —0.1753 (Cemented G‘nd) 0.2 (Cohesive Grnd) —0.22

(Runn‘mg Grnd) 0'22* Jacking Potential)“’-”‘56 . (0 D Shie)d)°~942*
12 Tons / Ft? Ft

(Shie d & ngger Arm) —0.138 (Shield & Maual Digging) 01284
172

(Convyr Belt & Tram) 58* (Rubber Tired Vehic)e) o4 (Ribs & Lagging) 0-438‘
1/2 1/2 172

Concrete Pape 1108 Last Week | 28074
1/2 * 12 = 0.10377

SY = (0.294 Rz =0.72 (6.3)
Ln S = 0.4094 (the variables between the square brackets)
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Table 6-3

RATE OF ADVANCE PREDICTION ERROR OF ESTIMATE

Tunnel Standard Error
System Contract Tunnel Number Relative to Equation 6.3
BART 1IM0031 MR 277
IMOO31 ML .204
1IR0053 RR/RL .358
150011 TR 429
150011 TL .587
150011 SR .279
150011 SL .493
15051A SR .305
15051A SL .391
Chicago 68-404-25 usc #1 .218
68-405-25 Usc #2 .159
68-406-25 Uusc #3 .041
WMATA 1F0012 F1B No. Out 242
1F0012 F1B No. In L452
170012 F1B So. Out .232
1F0012 F1B So. In 177
1F0021 F2A Qut .279
1F0021 F2A In .293
1F0021 F2A B.R. Out .253
1F0021 F2A B.R. In . 257
1D0091 D9 So. In -403
Average 0.270
Amount of variability removed by
predicting equation 71.8%

The errors are logarithmically distributed.

USC ##3 is not in the

log normal distribution; without USC #3, the Mean = 0.297.
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Some interesting observations may be made relative to the effect of

certain correction factors.

Equation (6.3) suggests that soils effects on the RoA, from greatest
impediment to greatest ease of progress, would be: cemented ground,
sand and gravel, running ground, cobbles and boulders, silt, clay and
sand mixes, cohesive ground. Logic doesn't support the above order.
The cobbles and boulders should be a higher order and probably resulted
in its position (and exponent) due to interactions with more favorable
conditions in the few data sets in which they appeared. Statistically,
considering the numerical values of the derived exponents and their
individual errors of estimate, the first three soils are different

from the last three, but in the two groups of three there is not much

difference.

The RoA is increased with increasing jacking potential and decreased

with increasing diameter of the shield.
The last week of tunneling is inefficient relative to the RoA.
There are correlation interactions between the various down times as

well as the equipment in use. Table 6~3 shows the standard error of

estimate by individual tunnels.
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6.4 TOTAL DOWNTIME EQUATION

Total downtime per foot of mining was not a good prediction — the

event appears to be too random. Reliability theory suggests that a
U-shaped curve, Figure 5-4, should describe the events with time, and
the regression, equation (6.4), was done in that form. However, because
of the poor fit of the equation, it is supgested that the average down-
times, hr/ft, may be used. For all equipment failures, the averages

are shown in Table 6-4.

(TOTAL DOWN HOURS + 0.001) Ft = 4.5054 x 10~3 Exp[—5.0536 x 10~° * (ZFt) — 1.3573x 1077 »

(ZFt)2 +2.1773 x 107" « (ZF1)3 + 0.85647 » (Silt and Clay: 1 > 2) + 0.67523 *
(Clay and Sand: 1 = 2) + 0.82934 =(Sand and Gravel: 1 - 2) + 0.30376 *

(Cabbles and Boulders: 1 > 2) — 1.27427 = (Cohesive Ground: 1 > 2) + 1.28616 x 102 =

(Total Jacking Potential of Shield — Tons) — 0,18252 = (OD Shield — Ft) + 2.66974 »
(Shield and Cutting Wheel: %) + 0.80838 + (Shield and Digger Arm: %) — 1.46578 »

{Conveyor Belt and Train: %) — 0.39557 * (Rubber Tired Truck: %)} ;

R2=0.174, LnS = 1.9563 (6.4)
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Table 6-4

AVERAGE DOWNTIME — HR/FT

Category A;iigﬁe g;i;gi;gn o/u*
Down

Total Hours 0.1720 0.3718 2.16
Shield 0.0249 0.0878 3.53
Excavating Equipment 0.0440 0.2410 5.48
Conveyor 0.0113 0.0404 3.04
Muck and Other Transportation | 0.0166 0.0789 4.75
Miscellaneous 0.0697 0.1459 3.53
Administrative 0.0089 0.0400 4 .49

#The coefficient is a relative measure of the variability of the
data about the mean. A satisfactory value, for nominal use,
would be less than 0.5.

A further investigation into the total down hours is shown in Figure 6-2.
The plot between cumulative total down hours and cumulative feet of
tunnel suggests a relationship that could be developed and would involve
the cumulative history of soils penetrated, anq the equipment types

in use, as well as the shield diameter and jacking potential in tons/ft2
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6.5 OTHER DOWN HOURS

The "other equipment down hours" were investigated plotwise and are

shown merely to display their potential as a means for prediction.

Figure 6~3 shows the downtime for the excavating cutting wheel used

on the Chicago USC No. 1 tunnel.

Figures 6-4, 5(a), 5(b), 6 and 7 indicate the cumulative downtime
hours vs cumulative tunneling feet for the shield, excavating equip-

ment, miscellaneous, and administrative down hours.

Statistical analysis of these data would likely develop usable pre-
dicting equations except for predicting the shield and administrative

down hours. These events appear to be completely random.

The conclusion that may be drawn from Figures 6-2 to 6-7 is that

® There appears to be a linear relation between down
hours and cumulative distance of tunneling (time)
for total down hours, excavating equipment, and
miscellaneous hours. Statistical analysis of the
data would be expected to result in a useful pre-
dicting equatiom,

] The shield and administrative down hours appear to
be random events not correlated with tunneling dis-
tance (time). Under these circumstances, the mean

and standard deviation of downtime (Table 6-4) is a
satisfactory means of estimation.

The disadvantage of using a mean downtime for equipment that shows wear-

out characteristics is that:
e Short tunnels will be overstated for downtime

. Long tunnels will show too much downtime at the
beginning and insufficient downtime at the end.

The argument for further analysis is pervasive.
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7. INSTITUTIONAL EFFECTS

Institutional effects are those factors, usually subjective, that are
applied as multipliers to the direct labor costs to allow for identified
parameters with unknown or partially known ranges of variability. 1In
the categories of

] Risk — an action with a known set of outcomes and

each outcome occurring with a known probability
distribution; and

) Uncertainty — an action with a known set of outcomes,
but each outcome occurs without a known probability
distribution

institutional effects fall into the classification of umcertainty. 1In
order to reduce some of the uncertainty, a number of questions were
asked of tunneling contractors relative to the effects of various insti-
tutional factors. The results of the analysis of the questionnaire
answers have been incorporated into a guideline for planmers' use for
determining the factors' impact on costs. The factors examined were
those deemed most significant in their effect on project costs. Dis-
cussions with transit system owners and tunneling contractors by
Bechtel's consultant, J.M. Keating, as well as Bechtel's own estimating
staff, led to the following selection of eleven major institutional

factors.

1. Availability and Analysis of Subsurface
Geological Conditions

This factor covers the extent to which the Owner-
engineer has collected, evaluated, and disseminated
subsurface information to the contractor prior to the
contractor’s bid preparation. Included in this infor-
mation would be any geological interpretations ohtained
by the Owner-engineer.
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5.A

10.

The Extent of Owner Disclaimers with Regard to Subsurface

Information Provided to the Contractors

Flexibility of Engineering Specifications

Flexibility refers to the degree to which the engineering
specifications allow for design changes suggested by the

contractors to accommodate the selected construction
method.

Quality of Engineering Specifications

Quality refers to the accuracy of the Owner-engineer
design including assumptions on which the design and
specifications are based.

Owner-obtained Rights~of-way

Rights-of-way include arrangements with all Owners of
property, including utilities that must be relocated.
Rights-of-way are also construed to include areas
needed by the contractor as work and steorage areas,
including any rights-of-way needed for muck disposal.

Owner-obtained Construction and Entry Permits

These include permanent and temporary construction
permits and entry permits where required.

Potential Contractor Liability

Liability here is used to include only the contractor
liability related to changed conditions.

Labor Agreements

The existence of systemwide labor agreements.

Labor Union History in the Area

Included in the history are work practices, craft
availability, work stoppages, jurisdictional disputes,
and union management relations.

Owner Payment and Retention Periods

Owner History of (Claims Settlements on Past Projects




7.1 DATA COLLECTION AND ANALYSIS

The impact of institutional factors on tunneling costs, for the most
part, has a twofold effect. First, there are what we have chosen to

call the identifiable costs. These represent, for example, estimated

expenditures incurred by the contractor to:

] Collect and evaluate subsurface data where none
is provided by the Owner,

. Obtain rights-of-way and construction permits
not obtained by the Owner, and

° Cover added financing costs where owner payment
periods are excessive or retention amounts
excessive ,

The second effect of the institutional factors is on contingency costs
included by the contractor at the time of bid to cover expenditures that
are "likely" to occur during the tunnel drive, but which cannot be
quantified at the time of the estimate. Contingency costs are directly
related to the risks incurred by the contractor. The greater the risk
burden, the greater the contingency costs. This second impact, the
impact on contingency costs, is by far the greater of the two and also

less visible to the owner.

7.2 DATA

Since current industry practices do not require sufficient detailing of
contractor bids to identify contingency costs, an alternate approach

was taken to obtain data from which to evaluate institutional cost

factors. The questionnaire discussed in paragraph 7.7 was sent to 25 soft-
ground tunneling contractors through Bechtel's consultant, to determine
the impact of each of the institutional factors on contingency. Since
contingency costs are a measure of the contractor's risk and risk is
theoretically related to profit, the questionnaire also included

several questions relating to profit. Profit, in this case, can be
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construed to mean gross margin. Of the 25 questionnaires sent out,

12 were returned; 2 of the responses were rejected because of incom-
pleteness. The questionnaire established a base project; twin 3,000~
lineal~feet tunnels from a common work shaft through standing soil,
primary liners of segmented steel, and the drive assumed through free air
with wrap~up insurance provided by the Owner. The contractor's labor
costs were assumed to be 50 percent of his total costs before

contingency and profit.

7.3 ANALYSIS AND FINDINGS

The questionnaire asked each contractor to evaluate the relative con-
tribution of each of the eleven factors to the contingency he would
apply to his estimate under the best and worst circumstances associated
with each factor. He was also asked to express, as a percentage of his
base labor package, the total contingency and total profit that would be
included in his bid price under the best and worst circumstances. It
should be noted that the best and worst cases are unlikely to occur

but were included here as upper and lower boundaries.

Each respondent was asked to add to the list of factors if he chose to

do so; two did.

As expected, the responses showed a wide range of variation. Part of
the variation is obviously attributable to differing interpretations

of the questions.

Table 7-1 illustrates the spread in responses to the questions regarding
contingency and profit amounts. The median value is that for which half
the responses are lower or higher. From the contractor's point of view,
in the worst case, where the majority of risks must be shouldered,

contingency could be an amount equal to his total labor bill.
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As classically interpreted, potential profits should increase as the
contractor's risk increases. This is illustrated in Figure 7-1 where
contingency is plotted on the horizomtal scale and contingency and profit
on the vertical. The contingency figures from the questionnaires repre-

sent the contractor's evaluation of relative uncertainty.

The '"best' and "worst' case responses were analyzed by arranging them
into frequency distributions. For the best case, the 10% to 90% fre-
quency spread covered the range of 0% to 24% contingency; for the worst
case, the 107 to 907 spread covered 197 to 96% contingency. As shown
in Figure 7-1, there is a small overlap in what is considered best and
worst. In fact, the graph could be interpreted as a continuum of re-
sponses representing profit and contingency as a function of the con-

tractor's uncertainty (contingency).

The center curve (in the two fan-shaped projections) is bounded by an
upper and lower limit, and this range of uncertainty contains the area

into which approximately 70 percent of responses would be expected to fall.

When the contingency is removed from the Profit and Contingency, it can
be seen that, in both the expected values of the best and worst cases,
profit reaches a maximum and then decreases; in the best case, it is at
approximately 10 percent contingency, and, in the worst case, it is at
approximately 70 percent contingency. It could be surmised that the

profit percentage represents the contractor’'s minimum expected profits

and the contingency plus profit percentages his maximum expected profit.

No inferences should be drawn con<erning the justification of these maxi~
mum profit levels. It only indicates that owners can significantly re-
duce tunneling costs by minimizing the monetary risks to be assumed by

the contractor and thereby reducing the applied contingencies.



Table 7-1

HIGH-LOW RANGE OF RESPONSES
CONTINGENCY AND PROFIT ASSIGNED AS A PERCENT OF LABOR

Best Case Worst Case
Lowest | Median | Highest Lowest | Median | Highest
Contingency 0 6 25 15 40 100
Profit 0 | 29 | 40 20 | sl 100
Profit + Contingency 10 35 65 35 91 200
210
200 A
190 4
180 4
170 4
180 4

WOREY CASE
RESPONSES

CONTINGENCY + PROFIT — % OF TOTAL LABDR COSTS
=
-]

CENTRAAL CURVE DESCAIBES THE
EXPECTED VALUE

UPPER & LOWER LINITS COVER THE
79% CONFIDENCE RANGE

NOTE: BOTH CASES
COVER THE 10%--80%
DISTRIBUTION OF
CONTINGENCY
RESPOWNSES

BEET CASE
1w RESPONSES

o " i i " " i i i " 2
0 i 20 0 a0 0 60 70 80 90 100

CONTINGENCY — % OF TOTAL LABOR COSTS

Figure 7-1. The Change in Profit Plus Contingency With Changes in Contingency
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7.4 INSTITUTIONAL FACTORS IMPACT ON CONTINGENCY

» The impact of the various institutional factors on contingency varied
significantly among contractors; the ranges and averages are shown in

Figure 7-2. Table 7-2 lists the factors by best and worst, and the

median response of all contractors sampled. Availability of subsurface
information in both cases is the highest contingency factor. The Owner's
history of claims settlement and the labor union history account for the

next largest amounts.

Figure 7-3 is a plot of the average contractor responses to the best
and worst cases for each factor, in descending order, and indicates

the cost differentials between the best and worst conditions.

Under usual contracting conditions, institutional factors do not gen~
erally fall completely into "best" and "worst' classes; statistically,
this is a highly unlikely condition. There will more likely be a
mixture of the two, In order to examine this aspect, the data for the
two cases were combined and analyzed. Table 7-3 shows the result of
the combination. The mean is the arithmetic average and the median
divides the data into halves. The 10 percent and 90 percent points
cover the statistical range into which 80 percent of the data are most

likely to fall.

The spread between the mean and the median is a rough measure of the
degree to which the distribution is skewéd. The sign of the difference
between the (Median-Mean) indicates the direction of the skewness; a
negative sign means the distribution is skewed to the higher side. For
instance, it is believed that it is more likely to require a greater

contingency for subsurface geology information than less (Question No. 1).

Table 7-1 can now be added to recognize the variability of the data and

to consider the responses as a total distribution.

Note that only the median values are added arithmetically. The 10 percent
and 90 percent points are by the root-mean-square ¢ /1072 + 9072)‘
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Table 7-2

AVERAGE UNCERTAINTY EFFECTS ON CONTINGENCY

Uncertainty Items

Best Case

Percent Contributions to Contingency

Worst Case

1. The availability and analysis on 2.5 15.7
subsurface geological conditions
2. Extent of Owner disclaimer with regard 0.7 5.4
to subsurface conditions
3. Flexibility of engineering specifications 0.6 3.1
4, Quality of engineering specifications 0.6 3.3
5. Owner obtained rights-of-way 0.2 2.0
6. Owner cobtained permits for construction 0.1 1.5
and entry
7. Ligbility 0.6 3.8
8. Labor agreements 0.7 2.8
9. Labor union history in area 1.1 4.9
10. Owner retention period 0.3 0.4
11. OQwner history of claims settlement 0.6 4.0
12. Mobilization payments )
13. Scheduling problems
L 0.4 1.7
14. Weather
15. Proximity to water )
Average Total Contingency as a 8.4 48.6
Percentage of Total Labor Costs
Median Total Contingency as a 6.0 40.0

Percentage of Total Labor Costs
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CONDITIONS AND ANALYSIS
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This again indicates to the user that extreme values are not very

likely to occur.

In use, Table 7-2 would be modified by using the data from Table 7-3
{(or a modification to suit the user) and Table 7-4. Medians of Table
7-3 and the contingency of Table 7-4 would be multiplied and the
10-percent and 90-percent points combined, by propagation of error,
to obtain the individual contingencies as a percentage of total labor

costs.

7.5 CONTINGENCY SIMULATION

To integrate the contingency information collected by the sample, three
stochastic simulations were carried out, using a Monte Carlo technique;
one for the average case and another for both the best and worst cases.
Figure 7-4 depicts the results of this simulation. The curves repre-
senting the best and worst cases are highly unlikely and are included

here for reference.

The interpretation of the lines is as follows: under the best conditions,
50 percent of the contractors will include contingency values greater

than 35 percent of direct labor. Similarly, under best conditions:

85% will have contingency values greater tham 117 of direct labor
707% will have contingency values greater than 18% of direct labor
50% will have contingency values greater than 337 of direct labor
30% will have contingency values greater than 51% of direct labor
15% will have contingency values greater than 68% of direct labor,

Similar figures can be extracted for the average and worse cases from

Figure 7-4.

As a starting point, planners may find the following work sheet,
Figure 7-5, useful in evaluating the impact order~of-magnitude of these
institutional factors on contingency. Numerical values are based on

the average values calculated from the questionnaire sample.
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Table 7

-3

DISTRIBUTION OF CONTINGENCY RESPONSES-
BEST AND WORST CASES COMBINED

Question Median
Number 10% Mean (50%) 90%
1. Soils 8.5 30.9 29.0 56
2. Soils Disclaimer -6 8.4 7.0 27.5
3. Engineering Specs.| O 6.6 5.5 15
4, Spec. Quality 0.5 7.0 4.0 20
5. Right-of-Way 0 3.1 3.0 8
6. Permits 2.3 1.5 6
7. Liability 0 7.8 8.0 16
8. Labor Agreements 0.5 7.2 7.5 14
9. Labor History 1 11.4 9.5 23
10. Retention 0 .1 1.0 7
11. Claim Settlement 1 7.6 7.5 15
Mobilization 0 1.6 ¢ 7.5
5
¢
3
lé.l
E,
[
2
w
g |
T
E!
24
q
5%
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Figure 7~4.

WILL ADD THIS PERCENTAGE OR GREATER OF
DIRECT LABOR COSTS AS A CONTINGENCY

Contingency Level Probabhilities
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Table 7-4

CONTINGENCY AND PROFIT ASSIGNED
AS A PERCENTAGE OF DIRECT LABOR-
BEST AND WORST CASES COMBINED

Median
10% Mean (50%) 907%
Contingency 1 28.5 21 61
Profit 17.5 40.5 37.5 71
TOTAL 17.5 58.5 93.6
Soft Ground Tunneling
IMPACT OF INSTITUTIONAL FACTORS ON COST CONTINGENCY
\ CHECK LIST
FACTORS i ADD | CONTINGENCY-
PERCENT (%) OF
OIRECT LABOR
1. AVAILABILITY AND ANALYSIS OF SUBSURFACE  NONE 10
GEOLOGICAL CONDITHONS MARGINAL 165
ADEQUATE 85
coon 5.0
EXCELLENT L —
2, EXTENT OF OWNER DISCLAIMERS WITH REGARD  EXTENSIVE 8.0
T0 SUBSURFACE CONDITIONS NOMINAL 25
FEW 0 -
3. FLEXIBILITY OF ENGINEERING SPECIFICATIONS  RIGID a1
AOEQUATE ‘18
FLEXIBLE [ J—
4, QUALITY OF ENGINEERING SPECIFICATIONS MARGINAL 30
SATISFACTORY 15
EXCELLENT 0 —
5. OWNER OBTAINED RIGHTS.OF-WAY, ENTRY PEAMITS NONE 55
AND CONSTRUETION PERMITS MAIOR ONES 15
ALL 0 -
5. LIARILITY EXTENSIVE 55
NOMINAL 25
MINIMAL 0 —
7. SYSTEMWIOE LABOR AGREEMENTS NO 70
YES 05
5. LABOR UNION HISTORY IN THE AREA PODR 20
MARGINAL 55
AVERAGE 45
600D 15
EXCELLENT 10 —
9. OWNER RETENTION PERIOD LONGER THAN 25
AVERAGE
AVERAGE 05
SHDRTER THAN 0
AVERACGE
10, OWNER HISTORY OF CLAIMS SETTLEMENT POOR 120
MARGINAL 55
AVERAGE 15
cooD 1.0
EXCELLENT 0s —

11. OTHER FACTORS

Figure 7-5.

Cost Contingency
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7.6 AREA PRODUCTIVITY

The concept that productivity of skilled and unskilled craft workers
varies in different geographical areas of the U.S. is generally accepted
as a subjective variable. The quantification of this subjectivity is
another matter and, at the present stage of knowledge, is not well

established.

From proprietary sources, it is estimated, based on a value of 1.0 for the
West Coast, that manhour requirements for other areas of the U.S. would have

multipliers of

1.1 for the Midwest
1.15 for the East Coast (excluding New York City)
and Southeast

1.2 for the Gulf Coast

based on 1972 data.

In general, the multiplier is skewed to the high side (less productive)
rather than the low side. When a range of values is to be considered,
the expected value +0.5, -0.3 can be considered a range into which, by
chance, 20 percent of the productivity values will fall; e.g.

For the East Coast: 1.15 + 0.5 = 1.65
1.15 - 0.3 = 0.85

7.7 TUNNELING QUESTIONNAIRE

As explained earlier in this section, data had to be gathered by direct
contact with major contractors, since usual breakdowns of bid figures
did not provide adequate insight into the built-~up estimates for our
purposes. The following letter was dispatched to some 25 tunneling spe-

cialists late in December 1976.
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"We are working on a D.0.T. study evaluating the cost of soft ground
tunneling.

"This report is being prepared by Bechtel Corporation and basically has
involved gathering statistical data from job reports in North America.
The information gathered to date shows a good correlation at the direct
cost level when adjusted for regional variatioms.

"In the areas of contingency and profit, we would like your assistance and

have included a questionnaire that we hope you will take the time to fill
out.

"The questionnaire is being sent to twenty-five men in the tunneling
business and your response will be anonymous and tabulated to develop
ranges for contingency and profit.

"The format is laid out in such a way as to reflect the extra cost of
construction if the contractor is saddled with the unknown and owner-
engineer has put the burden of solving problems on the contractor.

"Please respond to both cases "best" and "worst." The 'best" condition
would be ideal from the contractor's standpoint; for example, no dis-
claimer by owner-engineer regarding data and evaluation of subsurface
conditions, job labor agreement, etc. The "worst' case would be your
opinion of the opposite of "ideal."

"In your evaluation you will have to make assumptions based on your
experience with soft ground tunneling projects but consider the basic
project as:

A. 2 - 3000 LF tunnel from a common work shaft. Ground tends
to stand up as steel liners are extruded from the tail of
the shield.

B. Compressed air is not required and the contractor is covered by
owners wrap-up insurance.

C. The contractor's labor package is equal to 50% of the total
cost without contingency and profit.

"Thank you for your time on this questionnaire and we will send you a
summary of the results.”
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Contingency Areas

Working with the job conditions described, how would the "Risk Components"
tabulated below change when considering the "best" and "worst™ cases.

Contribution of Risk Items 7 Contribution % Contribution
to Contingency "Best” "Worst"

. The availability and analysis on
subsurface geological conditious

. Extent of owner disclaimer with regard
to subsurface conditions.

. Flexibility of engineering specifications
. Quality of engineering specifications
. Owner obtained right-of-way

. Owner obtained permits for comstruction
and entry

. Liability

. Labor agreements

. Labor union history in area

. Owner retention period

. Owner history of claim settlement
. Ete,

. Etc.

. Etc.

Total Contingency 100% 100%

Contingency Values

Working under the above two case conditions how would the percent of
contingency vary.

"Best" "Worst"
As % of total labor

As 7 of total cost
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A,

Profit

Working under the above two case conditions and assuming good confi-
dence in estimate cost and contingency value, how would the percent

of profit vary.
"Best"

As % of total labor

"Worst"

As % of total cost

Same as A. with additional conditions noted.
"BeSt"

5 or more bidders
As % of total labor

"Jorst"

As % of total cost

3 bidders
As % of total labor

As % of total cost

Modify contracting method to target estimate with 107 fixed fee plus

25% sharing in profit or losses based on target estimate.

"Best"

As 7 of total labor

"Worst"

As % of total cost
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7.8 CONCLUSION

The above data processing has been discussed with a degree of precision
probably not supported by the accuracy of the data. The purpose was to
indicate the statistical procedures involved. It is a first step in
the reduction of uncertainty concerning institutional factors and can

be used as a reflection of the concern of ten tunneling contractors.

More contractors should be concerned and contribute to reducing such
uncertainty to the level of risk by contributing their subjective (and
quantitative, if available) values to increase the discipline's total
knowledge. It does seem unfortunate that a much higher degree of accuracy
can be achieved in estimating tunneling labor and total costs, only to
have this accuracy destroyed by the present high degree of uncertainty of

institutional effects.
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8. RECOMMENDATIONS

8.1 FUTURE DATA COLLECTION

Rapid Transit tunneling data generally have not been summarized into
formats whereby the data could be used for future estimating. Reports,
as such, have been in terms of funds expended. Because of the rapid
rates of inflation during the last ten years, between and during tunnel
construction, the extrapolation of past to future costs is deemed

infeasible; there is no one inflation index that can be applied to_all

the resources used during construction.

In order to use past data, the actual resources consumed — manhours,
equipment, and bulk materials — must be known so that current costs and
expected escalation factors can be applied at the time new construction

is contemplated to estimate the total cost of a finished tunnel.

Based on the above concept and in conformation with the study contract,
the following are recommended as minimum information requirements to be
reported on completion of future tunneling contracts subsidized by U.S.

Department of Transportation funds.

8.1.1 Economic Factors in Tunnel Construction/Case History Data

The format is shown (filled out) in Appendix A-1. Sheets 1 through 5
summarize all but the weekly progress. The unnumbered pages are for

weekly progress summaries and average soil characteristics.

The latter breakdown is not displayed. The characteristics used in this

study resulted from the descriptions found in the tunneling logs. Better

8-1



descriptions can and should be developed by soils engineers — but

must be compatible with the capability of the face crew foreman to

quickly recognize and log. It must not be time-consuming, as his

primary responsibility is the safe advancement of the tunnel face.

8.1.2 Ring and Face Log (Figure 8-1)

The weekly summary of tunnel progress is composed of Ring and Face Log
data. The latter should contain sufficient information so that only

clerical assistance is needed for compilation.

A suggested set of face description criteria are included that are
mutually exclusive and in combination will give an adequate picture of
the advancing face. The BART log sheet contained data for two rings

per sheet, and the WMATA log had one ring per sheet.

8.2 ADDITIONAL STUDIES

The results reported upon here are based on tunnels whose data appeared
to be quickly available. There may be data errors because there was
not sufficient time to verify certain reported information that, upon
study, raised questions of correctness. These data should be verified

or corrected.

Not enough different soil types were included. Glacial till soils, to
evaluate the effect of cobbles and boulders, need inclusion. The
Toronto subway and Edmonton sewer systems have those soil character-

isties and one or more tunnels should be added to the data deck.

All the collected data were not studied and should be analyzed to

determine:

] Equipment types most applicable to expected tunneling
conditions and lengths.



RING & FACE LOG

Tunnel #.______{OB/IB), Contract #_________, Contractor______ ., Walker:________, Shifter:
Date: f___119____, Shift: _ , Tunnel Pressure: _____ psig, Weather: __
Ring#____ ______, Station @ Startof Shove: ___ . __+ i . Time @ Start of Shove:
{24 hr clock) Time @ End of Shove: ... B
No. Muck Vehicles Filled: _________ : Minutes: S,

Ring#_________ Expanded, Diameter After Expansion: , Titme @ Start of Ring Erection:

Expansion Time: _______ ____  EwpanderPress:_____________ psig, Time @ End of Ring Erection: __
Minutes: S
ESTIMATED SOIL FACE COMPOSITION FACE PROFILE BEFORE SHOVE
Silee %, Clay: %, Sand: %, {Sketch Soil Characteristics & Location)
Gravel:__%, Rocks & Boulders:__%, Peat & Trash:___%.
/"""—— P—
ESTIMATED FACE CONDITION (SCALE 0—1.0} T ™

Running:....... ., Moderately Stable: o \ \

Stable: . _ , Hard:
Yes , No

Breasting:

ESTIMATED WATER CONDITIONS

Dry: (0}, Damp:______{.2), Slight Flow: ____ {5}

(.75}, Flooded Out: (1.}

Operating w/Pumps:

|
f
N~
\:\»\M_____,/y/

<

Shove Jacks, Show jacking pressures on profife.
TARGET POSITIONS AFTER SHOVE:

Left Right Hi Lo
Front I— — — —— {Note: Qutside circte = 100 units. Each square =
Hear R . ——— 1% of total area)
Grout Used: {gravel/cement} Roll of Shieid:
SHUTDOWNS
Time @ Beginning:._________, Continuing {ck) ,Time@End:_________, Reason:
Time @ Beginning:.________, Cantinuing {ck) oo, Time@End:____ Reason:
Time @ Beginning: .., Continuing {ck).____ iy Time@End:__ |, Reason:

Slowdowns, Reasons For:

Other Comments:

(Nate crew size on first ring log of shift)

Figure 8-1. Ring and Face Log
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. Crew staffing as a function of equipment to be
used and expected tunneling conditions.

Bulk material requirements must be added to the system.

Although a beginning was made in estimating the effects of institutional
factors, it was only a beginning. Mailed-out questionnaires are notorious
for their poor responses. Because of the gross effects these factors have
on costs — which far overshadow the quantitized tunneling effort — a

more detailed study needs to be made. Contractors should be interviewed
because the response percentage will be increased. And more factors will

be included.

Our questionnaire only went to transit tunneling contractors. All tunnel-
ing contractors, including those for large-diameter sewers, for both soft
ground and hard rock should be included. The questionnaire should be

expanded.

Equipment maintenance and depreciation were not readily found, but need

to be included.

The derived predicting equations should be analyzed for stability of
the derived coefficients. Ridge analysis(g) is one method of modifying
the coefficients to achieved satisfactory stability. It was precluded

in this study by the restraints of time and resources.

8.3 RISK MODEIL

All the above data, including the results of the study to date together
with their variances, will be useless unless they are combined in a

simulation model. Not only useless, but incomprehensible.



A risk analysis model must be written to facilitate the complete use

(10)

of the data and allow the decision maker to make a rational

judgment about the economics of the project.
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9. GUIDELINES

Two forms are suggested for future data acquisition. Section 3.1.1
lists the data used in this study. The data are keypunched in a
7F10.5 format on the card deck forwarded separately as part of this

report.

The key document on the advance rate is the Ring and Face Log. Daily
perusal of the shift's logs should be made by supervisory personnel to
ensure accuracy and completion. Weekly averaging of the data is highly
recommended so that questions on omissions and errors can be corrected
before memories of events are forgotten. To save time, the weekly averages
should be posted directly to keypunch sheets. The forms used are shown in

Appendix A-6.

In the following, consider each variable on the keypunch form of Appendix

A-6 as XI, X2, -———, X42.

The intercept and learning curve exponents are estimated first:
e Plot X4/X2 (hr/ft) vs X3-0.5*X2(Ift) on log-log paper.

® Remove obvious outliers from the immediate analysis
(they will be used later).

e Regress Ln(hr/ft) = £[Ln(Zft)],

The estimated values are punched into the data cards as X38 and X42.

Analysis of the tunnel RoA or a larger matrix composed of many tunnels

is made by —



. Obtaining correlation coefficients between all input
variables,

. Eliminating variables that have no logical (engineer-
ing) basis for being included in the analysis,

[ Eliminating variables having correlation coefficients
greater than ¥ 0.9 (the analyst may have his own level

for elimination). In such cases, one variable is
probably adequately explaining the variation in the
other,

. Eliminating variables that appear only a few times.
These variables may induce an exaggerated effect. If
the variable is considered to be logically important,
it may be useful to examine its effect in a smaller
matrix of data with other variable characteristics of
a similar nature.

Based on the inter-correlation coefficients of independent variables
left for consideration, new dummy variables may be constructed (see
section 6.0) that will increase the explanatory value of the predicting

equation.

The effect of the learning curve and intercept have been previously
determined. Only the multiplier effects of soils, equipment types,
and their breakdowns are to be found. The dependent variable (see

Figure 5-7) is calculated by

¥ = X4 /X2 - hr/ft
X38% (X3-0.5%X2)#+X42 Ix (rfe)E

The Ln Y is regressed against the logs of the independent variables and

their dummys.

A best equation can now be selected.

The same basic procedure is followed for estimating the other prediction

equations.



The best form for the downtime predictions is not yet finalized.

Figure 6-2 may provide a satisfactory basis for analysis.

Figure 5-1 shows the system calculations for estimating the tunnel

construction cost. As a final step, the equations are combined, together
with costs and derived (as well as subjective) variabilities into a Monte
Carlo simulation to estimate the expected cost and its distribution. This
is known as risk analysis(lo). The contractor can then bid, based on his

"feel" for the degree of confidence he believes is justified. The advan-

tage of risk analysis is that it quantifies a large portion of the unknown.
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Appendix A

PHYSICAL DATA

Data included in this appendix are:

Characteristics of tunnels and equipment
Average weekly progress

Rate of advance calculations

Calculation of downtime hours

Total estimated shift hours and percentage
of error

Keypunch forms
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Appendix A-1

A partial record of the physical characteristics of the individual

tunnel and equipment used in several tunnels.
Although it is expected that the complete history is available in
the historical record files, complete information could not be

located in the time available for the searches.

It is recommended that this or a similar form be used to record the

pertinent history of future tunneling operatioms.
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ECONOMIC FACTORS (N TUNNEL CONSTRUCTION

GASE MISTORY pATA

A. DESCRIPTION

PROIECTNAME g4/ 7A o R noie /] St InumseR o037
Locamor  Scn Frencisco, Coliternia

OWNERBay Rireq Ropic Tranad DistrichENONEER PRT @

w

el

CONTRACTOR More; cnn- Kmudsen loe. Bremn+Roat loe Berint /‘mn(/;]'u\l

DATES: AT gy 37, 19671 | CIMPLETE Nouember 1T 1905

PROJECT SCOPE INCLUDE ANY APPURTENANT STRUCTURES)

inclides  tanstruction od scbioa., line

tunnels of npprnnkmnttitj 4325 o8 ol E&’ Line and

AE00 LE af ML jine  slacios tunnel inuert ond

4
otk cnncre}r constiuction of a went shatd

ond s ching statien _and o Pumping sfn-l‘mv

cocchagical and electcical wack, and instellation

B. DESIGN INFORMATION SHEET OF
1. PLAN AND PROFILE ATTACHED YES NO
2. TYPICAL SECTION DRAWING ATTACHED: YES LU]
2. TEMPORARY LININGS OETAILS ATTACHED: YES. NO
4. PEAMAMENT LININGS DETAILS ATTACHED: YES NO
5. GEOLDGICAL PROFILE ATTACHED: YES i.D

VERBAL DESCRIFTION OF SOIL CONDQITIONS:

- ] &
ol consints 0z ‘Sm’\r/u claw rangine 1o medium
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7. OWNER FURNISHED MATERIAL AND EQUIPMENT LIST

5:3mrnftd siccl £i043 . gumping stedian
. . N .

8. OTHER OWNER SUPPLIED COST {TEMS le.g. INSURANCE]

1. DEWATERING PLAN ATTACHED

Jres] Two]
8. GROUND WATER CONOITIDNS DESCRIPTIOK

_M%w:z,,,wmﬂmws@i
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_the. 0
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9. SITE PREPARATION & RESTORATION DESCRIPTION

)

ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

CASE HISTQRY DATA
AR

8. OESIGN INFORMATION [CONTINUED!

C. CONSTRUCTION METHODS SHEET oF

LFREEAR. o3 ol 3 nel LENGTHIET | ¢, 5 R

2 COMPRESSED AR 1fq o0 4 o0 | LENGTH (FT} | @ pm 477

PIGMIN O FinMAY 4/ [mcwioave. 3.233
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10. UNOERPINNING DESCRIPTIDN

TUNNEL EXCAVATION
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ECONOMIC FACTORS IN TUNNEL CONSYRUCTION

gASE WISTORY DATA

0. MAJSOR EQUIPMENT UTILIZED

SHEET .3 OF

| 1. curTinG anp excavating

!_L“tiigng EW,*% ,\Jr}nufac)urznﬁ Larp

5. OTHER MATER)AL HANOLING EQUIMENT (SPECIFY} SURFACE TO HEADING

LINERS [PRE CAST!

MODEL DESCAIPTION eAPACITY 0.

TYPE: I ROTATING WHEEL l\/} OSLILLATING ARMS [ E DIGGING ARM [
OTHER iSRECIFY;

CONNECTED HORSE POWER 0. 55
NO. USED é

2. SHIELD GROUTING
OUTSIDE DA ' 17.93 5+ I LENGTH l 18 5in. DESCAIFTION 1 carACITY .
N mamxs‘;’:‘:::'i ‘1: e DmCE (TONS) l I!J"i""‘ OF JACKING mtoasl A/_ ~ - e b a
HORSE PONER £ ACKING MITOR 5 C, KTk -Mix Cocle Groud Mixer ‘% el |
NO. SHIELDS USED f Gmut cars Yo c:JuA |

3. MUCKING EBUIPMENT (UNOERGROUND) ~
W [ enutuor Gnel Skiohaist CONCRETE: INVERT (AND WALKWAYS!
CONVEYOR: LENETN / 65 LA B} :"IC"YS J‘/oo [eTnle fés DESCRUTION CAPACITY .

RAIL CARS: .0, J‘- EAPACHTY 7 < d in
AUBHLA TIRE VEWKLE wO. CAPACITY m

COMBINATION (SPECIFY)

4. MUCKING EQUIPMENT UNDERGROUND TO SURFACE (DESCRIBE}

A skip hoist extenching from a surmp 158 belaca the

(el &

PR hideman Soncrete pumg - 96

6. VENTING, PUMPING, COMPRESSION, EQLUIPMENT

bose slab_dean cleuatinn of 4o £4_bove the strect

OESCRIPTION CaraCity no.
-~ * X . . 15,000 fou/
surrnce oxes ceected. On clectric mactar- pocaered. wainch dota Rie Compressofs - 300 Hp co letsames hy

ot dhe tng ot the Steuctire w65 used 4o haist a ten-
Cwbic_yord skip {rora the sump to 6 conveyor
attacheel 4o the, _hoist stouckure _ds-F4 ohaue
the  street siirface The skip s Lifbed D the haist end
4 ; ] ;

7. DTHER (Specsly)

ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

GASE WISTORY DATA

E. QUANTITIES {NOT INCL. ACCESS SHAFT)

SHEET .. 4__ OF

t. TURNEL {{F MULTIPLE, SHOW FOR EACH} 5. INVERT {AND WALNWAYS), ARCH 9. APPURTENANT STRUCTURES
ienet  Both tunnek - 9000 LE DESLARTION QuANTETY VENT AND FAN SHAFTS
INSIDE Diry. [ F7AC A X} (76" CONCRETE . | e +- qucﬂ &539 {ey; COWSTRUETHIN METHOD: Sofd:'c r BCC‘; 1y o/‘:d
CONFIGURATION Circular REBAR ks Lagg,/ neg
ND. CROSS OVERS. IF MULTIFLE Ex foms - ADL tang Steel (3 >
TOTAL EXCAVATION ? 0‘ EO =) cy STRUC, STEEL = {TANSH WiDTH 9/'/ (m! BREADTH c'; 7 nl UEPTH J»o T
TUNNEL FRESSURE RANGE 18 PS( /,‘,f Psi C thrcz}t - Walkways 12 ¢ WALL THICKBESS 3 #
2. GROUTING (CY) EACAVATION QUANTITES Af Q oC ry!
BT, ACTUAL 7. MAJOR UNDERPINNINGS CONCAETE UANTITIES KIS (34
BEHIND TEMP. LINING “ 8OO DESCRIPTION AREA (5.6} PUMPING STATIONS
CONSOLIDATION (FACE} consTRucTion MeThaD:. Sheet P les and
PREGROUTING internal  Support
1 PRIMARY LINING '
DESCRIFTION QuaNTITY SONFIGURATION el Mo hale Type Struch
Liner Segments steel Bl i oeT T3.5 wofuwenn -6  om
= EXCAVATION QUANTIT(ES -4/./ 0 ) [47]
TaTAL COMCRETE OUANTITIES 7 “3 o
4 SECONDARY LINING 6. AIRLOCK SYSTEM {tF USED) OTHER APPURTENANCES {SPECIFY !
v Tyee 1T cemnc ~Y MAN LOCKS BESCAITION EXCAV. (LY COMCRETE (LY}
NO. LINERS IF PREFAB OR PRECAST A NUMBER 7 f€a) ?:Z:f({ir;f‘ata. (1,706 —
QUANTITIES |5 CAST.IR-PLACE LENETH o *n Shats
QESCAIPTION ouaNTITY DINETER G 1)
COMCRETE [137) MUD LOCK 10. SITE PREPARATION & RESTORATION
qoneoRome - tromst NUMBER & e DESCAIPTION Ladd AREA (S.F.5
FORMINE 18 LENGTH 1450 a4l CLEAR & GRUB
e e A B S -
GULK HEAD DESIGN 50 PS1G RESTORATION
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ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

ASE WiSTORY paTA

F. TYPICAL CREW SIZE AND UTILIZATION ({3} SHEET .5 OF ...
i CR[W*H(QG{(\C’ - Free Rir 2 CREW - laied ing - Coyifore smect, Q¢ L CREW - Tas Sicle A CREW - j g rt Cor\crd‘c
SHIFTS / DAY 3 woums / smiET § SHIETS DAY Af wouns  sneEl (o SMIFTS / DAY = HOWRS/SHFY SHIFTS / D&Y I NouRs /sHiFT @

woRKING DEsicuaTion | ST | Zach | ded WORK DESIGWATION i ﬁ_ P cIn ] work oesionatin ot sf:.‘f, et WORK DESIGNATHIN sty | angy | Jhe,

Shifter vt beodiog Enge. { L L 0 | 1] 1 dGeneal Supd t - 4= Forcman i

Heading Engel 1 1 1 | | | shiftcr ! Iy Jeoalker Lofoa g Llinch Querodor| |

Mole Dperadad | ] Mole headMechanig 1 | L | ¢ § 1 FScrucoer S i~ 1= Vibrodar Men | &

Mol Mechanic (o L& | & Mechanic Ll e by IMecansi R ! Ll (ecoe ot Fiaishery 3
Teon Mouers (& | & | Hole Opecodor | 2 ] 4 4 1} 1 IHechonic o BRI Retar Man | 1
Icm_[.}nd:f(.x 4 |4 |+ canldrker | A L4 L4 14 Klecdion! Faeenn ! |- |~ Saberecs . la
AL &0 K 4 | & hmmlimycr 212 L 12 VEeetricion 31 b i rﬁf}lmc{g;a;«;p "4

nlmo T30 ST N Beacket Mon | 2 |2 |2 |2 Jophnborer | 213 [2 p-Labarer | |
st Mea 2 lala] |jaotRmpOuad (| 1 |1 | "‘*3% Yo L ‘ ot Bump|
ooabive Cpee, |1 ! L] | Geout Man A lp 12 1A s VE giree ! -

|Brakernan 1.1 | i Lorarmetive Cper ] 4 ! ! e’ Opecatar] ! ! 4 ToTH L X%
Electrician ‘)& alla Beake mnnﬁ y Lo [ Comn(rslmr Oaprl 1 [ 5 Crew- Prep-and Ferm Sething

S nan Ber y  |Eleckeicinn ARATARA TSN RN sHresioay | ARslsmifr @
S E— baaleck Cpecatar] ! i Pl Macehousemant &L = |~ Fereman 1
Seipde ek | L1, 1y 12
g {\.::urnfnr ! ! o N |
. ,g{i, 4 o . —
Tora |1ty ) 184 1Y, ToraL Rl zlar Rk ToTAL (R3[| /o] o ToTAL | 28
9% NOYE' CATEGORY OF CREWS {HEADING, SLUMPORT- SUAFACE. SHAFT ETC ) REPOAT AS LOGGED
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
GASE WISTORY pATA

A DESCRIPTION B. DESIGN INFORMATION. SHEET OF .
1 PROJELT NamE . _m.wmm I ROOSS 1. PLAN AND PROFILE ATTACHED: ves]  |mo
|2 LocaTioN . kr_lu.; Y cali Q‘Q, Ao 2. TYPICAL SECTION DRAWING ATTACHED: ves|  |wo
3 nwuenpm ; Area Rap.(t Trangd D 5}nd\1ENG\NEH\ PRTH 3. TEMPORARY LININGS DETAILS ATTACHED: ves|  |No
8 LONTRACTOR Sheq- Macco 4. PERMANENT LININGS DETAILS ATTACHED: ves| no
5 DATES STARY ;/13 ” A }cuwun 3/ 5/0,9 o 5 GEDLOGILAL PROFILE ATTALHED: YES no

€. PROJECT SCOPE (INCLUDE ANY APRURTENANT STRULTURES)

6. VERBAL DESCRIPTION OF 301, TDNDITIONS. !nicrtinocn'na lepme= Dp cloiir iz

| _Approximatel JTALLJ Ject of curved tuui wh::j,f
\liac ¢ 2100 feet of cot-and

feoin_ bax sob structore, induding inatallotiog of |
HmcbnaimLmd. lectrical c.%u;iptnca; and the .. _
relntation ond consfruction of utilitics.

g cavel acn

bowycrs ace o

S S VB
:rn:aulnr %hicinc:a and 3mr£r /nmjcach

ot

¢

dhin 35Q51 distances, both bam'{QginHﬂ angl

echs ;e
in the inveed-of 4 + [
i } . E “

by o deark oaliuc

areen shale
=

»‘U!N(A\ an PMEM L18%

tunnel lining of 30 inthes waide, 1244
creadnr welded Steed rings, pumping.|
v 7

Tdt

Crcr s ned
cutside diometer

! BTMER UWN(R SllWHEU CO“ l"E

tr g INSURBNCE:

7. DEWATZRING FLAK ATTACHED

e ]

8. GADUND WATER LONDITIONS DESCRIFTION

cxcauction.

‘nueck ot beading rmn’ WS in all cases suil\.rmn+

3 SITE PREFARATION A RESTARA

N DESCRIRTION

fgnrcui o 150-FF aoide arco aboue fubue cob-aad-
cousr arcd MMJMMrLW
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ECONOMIC FACTORS IN TUNNEL CDNSTRUCTIDN

CASE HISTORY DATA
T ————

B DESIGN INFORMATION (CONTINUED) C. CONSTRUCT(ON METHODS SHEET _2 QF
I t. FREE AIR: LENGTH (FT} | &/ /735
o msoey waed onbil Controdd 80057 woon bid, micki9 % COMPRESSEDAIR: not wsced LEMETHIFT} |

v PIGMIN [Paomax [recwroavs.

3. DESCAIPTIONS

10. UNDERPINRING DESCRIPTION

TUNNEL EXCAVATION

Faccwobion wns cudh oo 1884 8% in. shicld

A rubber-ticed Fruck h—ansmdrc{ 4he ik

Prom. the _heading fe_the T(monr‘nfu Access Shaft

Blicr the lost micking cun, the mucker bruahd

in 6 sct ol ring schmenis for the nex

‘nS The tunnel wias hand -mined

11, UTILITIES. OESCRIPTION

PRIMARY LINING

30" waide, 120 4 oudside cdiamedrr ciceulor v lded

stecd rings ctch consisting of (e larqer

:;g{_:fmgais ond oanc _small” /{ru rgr?{rni

FINAL LINING

| loucrt sias oo ccrede coith 6 1-Ya in. g emueg

ccorroa}r ’ [T A ot Congrte used 6 (-

mGX!ms I AL \Jt'r ~12C

W

ECONOMIC FACTORS iN TUNNEL CONSTRUCTION

CASE WISTORY DATA

0. MAJOR EQUIPMENT UTILIZED SHEET _3__OF
Y. CUTTING AND EXCAVATING 5. OTHER MATERIAL HANDLING EQUIPMENT (SPECIFY) SURFACE TO HEADING
MAKE LINERS {PRE CAST}
MODEL NESCRIPTION CAPACITY ne.
e [ rowrmemnee | [ oseuisrmenns [ | omemcans Gardace Deaver Oie Hoist - Model fe-guloos
aTeR ey Mg | Duqn’m lm.?c\gl biccnches
CONNECTED HORSE POWER
MO, USED
2, SHELD GROUTING
OUTSIDE 1A, {iefi ¥Y25n. | LENGTH A BESCRPTHIN carariry no.
1O, OF tarks [ g [DREUSAEE oM 1Yo ]we-or ucxinc Morons| 4 Hmunn qeout pUmEOD A2 Hp &
MORSE POWER £A. JACKING MOTOR R0 Hp Grnu* Fj{nnf’ fnr (‘rmrnf "
Mo, SHIELDS USED { Gorout Mixee (& rat funocd onlu\ Looo L
3. MUCKING EQUIPMENT (UNDERGROUND] piaster morfar mixer withviir metor
TYPE: D“C:ﬂ\ pewﬂ ‘,t’d Muck cr CONCRETE: INVERT (AND WAL KWA YS!
CDRYEYOR: LEMETH w1y CAPACITY L1 4] DESCRIFTION CAPACITY .
Ran cans. . cAraciTY m Beldercte Swinge e conveynr suntem
RUBSER TIAEVENICLENE. | Rl |y Medel CAPATTY 22 360 Lbs @ 4 S N
COMEINATIDE SPECHY)
4. MUCKING EUUIPMENT UNDEAGROUND TO BURFACE (DESCRIBE)
8. VENTING, PUMPING. COMPRESSION, EDUIPMENT
DESCAPTION CAFACITY No.
Jnu Bir Fon far Ventiletion eXel Ho
_ﬁ&fdnr Denver Com pressar "',if’é'_ ml o
7. DTHER {Specify}

Appendix A-1.
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E. QUANTITIES {NOT INCL. ACCESS SHAFTY

ECONOMIC FACTORS N TUNNEL CONSTRUCTION

CASE WSTORY DATA

SHEET .8 OF

[1. TumnEL 0F muLTIPLE, SHOW FOR ERCH) 5. INVERT (AND WALKWAYS), ARCH 9. APPURTENANT STAUCTURES
LENGTH ad, [+¥a) 3 T DESTRPTION QUANTITY TEMPORARY ACCESS SHAFT
L MSI0E D @R oytg? RL: 70" COWCRETE - § Ly g R2aidlb en consrucrioNMETNOD: 50 felic pile ond
CONFIGURATION @, ety lar PEWAR TOS) Lq’qqmq with +ic bQ rs ,{’or lateral
NO. CROSSE OVERS, IF MULTIPLE £a. fORMS 8.5 4 5'-‘?;0(‘ .por F" ]c 5,
TOTAL EXCAVATION cYy STRUL STEEL, {TONS}] wIiDTH 45 WT)F“!‘D"‘ IJQ F1] DEFTN T
TUNNEL FRESSURE RANGE > st o Psi Walkioa us R0 29G L leL a%% ry WALL THICKNESS
2. GROUTING {CY} Crovnm. PAtan as o My > EXTAVATION QUANTITES 343
1318 ACTUAL 1. WAJOR unnmvlnmﬁns = CONCRETE DUANTITIES cn
BEHIND TEMP. LIMING DEstaFTION AREA IS F.} PUMPING STATIONE
CONSOLIDATEON (FACE) CONSTRULTION METHOD:
PREGROUTING
3. PRIMAHY LINING
BEICRIFTION BUARTITY CONFIGURATION
: z [ [ :! 2 g - : . E]r J-&o uEFTH {FT1| BIAMETER (FT}
. EXCAVATION DUANTITIES vy
TOTAL CONCRETE QUANTITIES
4. FINAL LINING 2. AIHLOCK SYSTEM (IF USED} OTHEA APFURTENANCES (SPECIFY}
TYPE C ANCLe fr‘ MAN LOCKS DESLRIFTION EXTAY. {EY) COMLRETE 1LY}
NQ_LINERS IF PREFAB OR PRECAST €A HUMBER £y
DQUANTITIES IF CAST iN-PLACE T LENGTH iFT}
DESCRIPTION QUANTITY DIAMETER [t 4]
ronenETe v MUD LDCK 10. SITE PREPARATION & RESTORATION
AEINFORCING ITONS} WUMBER {EA} DESCRIPTION TYPE ABEA S F
FORMING T RS LENGTH {FT1 CLEAR A GRUB
- DIAMETER - FTY REMOVAL
o - BULK HEAD DESIGN PSIG RESTORATION
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
CASE HISTORY DATA
r. TYPICAL CAEW SIZE AND UTILIZATION (1} SHEET _5 _ OF
1LCREW- Meceling Crewa 2 CREW- Groud Crews 1 AW - Tooand Shald Crcia SOREW - Cleanwp Crog
srTs DAy (% Tnouns ramer = 8 SHIETE /DAY | wouRs /suEr B SHIFTS/ bRy HOURS { SWIFT IWETEIDAY | nouns/wiFT 8
wonkiG nesicuation | 08| 2ND J3RD ®ORK DESIGRATION ot T,:E’,—E'f: WORK DESIGNATION Emmg‘ woRK DEsioRATION | (AT, ﬁ -’Eﬂ
it Bass L B ! Growt Foaceman| | 1 1 ! Shifder i
Surveyor i i ] | Grout Maon 3 For ‘lé%ﬁar 1 Lobocer L
shicld Cocrntor ! ! ' abecer i Compreager n
Huck Operator | 1 | v | | ik VA
 Minec 1M . foer ~ —
TorA, |4 ToTAL | 3 {1 [ ToTAL g
 Caulking Ceeidd A S N Carperder Crees 11- @ hesin® Conercde Crepy [1-8 heshidt
v Cnrgmm Sui‘:} i Shifter L
Laborer & Ll Relt Opecator {1
Cac pcn‘\cr H Smingﬁp{m‘}m
| Uihmar Man | 3
Labsrec 3
inisher 4
- F L
AL T I I 4 ToTAL 2 gk i b IoT @k 1)

t} NOTE: CATEGORY OF CREWS {(HEADING, SUPPORT. SURFACE, SHAFT ETC.1 REPORT AS LOGGED
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A-9



ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

CASE WISTORY DATA

A. DESCRIPTION B. DESIGN INFORMATION, SHEET_ 1 __ OF
[EM@M&'D"{ NUMBER @gf(/ 1. PLAN AND PRGFILE ATTACHED" YES NO
LOCATION DS 2. TYPICAL BECTION DRAWING ATTACHED: ves|  |NO

1. OWHER mm [ EN"‘"‘“WM 3. TEMPORARY LININGS DETAILS ATTAGHED: ves|  |mo

4, CONTRACTER /?ZW. Caoer/ 4. PERMANENT LININGS DETAILS ATTACHED: vesj [wO

5. DATES: START /R T ] COMPLETE %, /. 7/ 5. GEOLOGICAL PROFILE ATTACHED: vzs] ND

6. PROJECT SCOPE INCLUDE ANY APPURTENANT STRUCTURES)

€. VERBAL DESCRIPTION OF SOIL CONDITIONS:

Moarcy Ciay annmd Some Coupmnrsa
Sane

7. OWNER FURNISHED MATER{AL AND EQUIPMENT LIST Nm

7. DEWATERING PLAN ATTACHED: lrest  [wo]

8. GAOUND WATER CONDITIONS DESCRIFTION

8. OTHER DWNER SUPPLIED COST {TEMS (e.y. INSURANCE)

9. SITE FREPARATION & RESTORATION DESCRIPTION

ECONDMIC FACTORS IN TUNNEL CONSTRUCTION

GASE WISTORY 0ATA

,. DESIGN INFORMATION {CONTINUED} C. CONSTRUCTION METHODS SHEET__2__OF
1. FREE AIR: ES LENGTH (T} | Za g™ 750"
2. COMPRESSED AIR: LENGTH (FT}
PSIG MIN Psic max | #315 wro ave.

3. DESCRIPTIONS

10. UNDERPINNING OESCRIFTIDN

TUNNEL EXCAVATION

| Ot 23 x 23 SEwe  STewetoRE

‘X 29Ln .
L P2 <

. UTILITIES. CESCRIPTION

TEMPORARY LINING

| Eps fhacan e f GlowT

FINAL LINING

[SY CodcpETE

Appendix A-1.
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ECONGMIC FACTORS 1N TUNNEL CONSTRUCTION

EASE WISTORY DATA

D. MAJOR EQUIFMENT UTILIZED SHEET __3__OF
[+ curTinG anD ExcavaTing WVAW&A} 5. DTHER MATERIAL HANDLING EQUIPMENT (SPECIEY) SURFACE TO HEAOING
MANE ’ LINERS (PRE CAST}
MODEL DESCRIFTION CARACITY 0.
TYPE: ! ROTATING WHEDS inscmmln ARMS ] } DIGGING ARM
OTHER PECIFY
CONNECTED HORSE POWER
0. USED
1. SHIELD MM}JQ GRAOUTING
OUTSIDE DIA. i 787 L LENGTH l J6l6" DESCRIPTION CAPACITY ..
NO. OF JACKS l gﬂ ok aee CEfrons) | 74:’1"0‘ OF JACKING MDTORSI 4
WORSE POWER EA. JACKING MOTDA 2o
NO. SHIELDS USED /
1. MUCKING ERUIPMENT (UXOERGRBUNG)
TYPE- CONCRETE [MVEAT (AND WALKWAYS!
COMYEYOR. LINGTH ey CAPALITY m DESCAITION caraciTy .
RAI CARS: no. EAPATITY m
MUBBER TIAL VERICLE NO. ﬁﬂﬂﬂQ &r{ - L,_/‘D tAratITY m
COMPINATION (SPECIFY;
4. MUCKING EQUIPMENT UNOERGRDUND TO SURFACE (DESTRiBF!
§. VENTING, PUMPING, COMPRESSION, EQUIPMENT
Z, O Z’ Z; : Vel PM‘—- DESCRIFTION TAPACITY no.
| Ckioaomp o 7o Ruce fof LrsPosac
T. OTHLR {Specityl
ECONDMIC FACTORS IN TUNNEL CONSTRUCTION
0000000000
CASE HISTORY DATA
P ——————
F. TYPICAL CREW SIZE AND UT(LIZATION (1) SHEET_5 _ OF
1. CREW- 2. CREW - 3 CAEW - 4 CREW -
SHIFTS/ DAY HOURS /SHIFT., SHIETS [ DAY HOURS / SWIFT SNIETS / DAY HOURS / SHIFY SHIFTS/ DAY MOURS / BHIFT
T 1 ARD (] 87 | 70 | IR0 | L LN L
WORKING DESIGHATION WORN GESIGNATIDN 157 ELL) B
SHIFY | swieT | swey SHIPT | suiF1 | swier WORK DESIGNATIDN st | swier | ses WORK DESIGRATIN SHIET | SHiET | siFy
-
[ AVEKAGE Gew] 15| 13
R
TOTAL
{17 WOTE CATEGORY OF CREWS (HEADING SUPPORT SURFACE, SHAFT ETC ) REPOAT AS LOGGED
.
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ECONOMIC FACTDRS IN TUNNEL CONSTRUCTION

CASE HISTORY DATA

A. DESCRIPTION B. DESIGN INFORMATION, SHEET OF
s sroster NAMES L 110 1524 &Bl! o) g: !'E NUMBER  frmm o 2 | 1. PLAN AND PROFILE ATTACHED: YES Na |+
LOCATION E!ﬂ se 108 m al D.C. 2. TYPICAL SECTIDN DRAWING ATTACHED: YES NO | v
. A
A MWNER \ A AL A TA ]tucmuu P s D 3. TEMPDRARY LININGS DETAILS ATTAGHED: YES NO
4. CONTRACTOR Tb anr) o M 4. PERMANENT LININGS DETAILS ATTACHED: Yes NO | v
5. DATES: START COMPLETE 5, GEGLOGICAL PROFILE ATTACHED: YES "o

6. PROJECT SCOPE {INCLUDE ANY APPURTENANT STRUCTURES)

£. VERBAL OESCRIFTIGH OF SOIL CONOITIONS:

63%%5 %ﬁ:ﬁ SIZZJBQ&WM&A}_
. S oZ2eS L,

| Sawn wer Gay fevser, Saus Msoiom Stiee  Ceay
Saun § KL Layses itk Sms Bourpmms |

| wWnEkGRoun EGeriecon SeSSTATIOL

Deawace Brmping Sazions 7

¥. OWHER FURNISHED MATERIAL ARD EQUIPMENT LIST

7. DEWATERING PLAN ATTACHED res] w0+

Alpue

0. DROUND WATEA CONDITIONS DESCRIPTION

8. OTHER OWNER SUPPLIED CDST ITEMS {e.y. INSURANCE}

9. SITEPREPARATION & AESTORATION DESCRIPTION

| Rerace 4515y or Stecer PaveMew7 |
............ 10770 LF ~CurB BGUTTEA B 555 SY Floeuail |

ECONOMILC FACTORS IN TUNNEL CONSTRUCTION
D )

CASE HISTORY DATA
———————————

8. DESIGN INFORMATION (CONTINUED] C CONSTRUCTION METHODS SHEET _ 2 OF
1. FREE AIR: )é» <, LENGTH (FT)
»
2. COMPRESSED AiR LENGTH (FT]
PSIG MIN [ psic max | Psic wro avs.

1. DESCRIPTIONS

10. UNDERPINNING DESCRIPTIDN

TUNNEL EXCAVATION

| Earanr ouProal . ar-] % Snaasr Brwas
. BUTH et T LR Bl

.. 7R 45%@41@&%2&-;EﬁkLSBQZE:zlggﬁﬁzﬂbt__-
| Lemersn By Gwreros Savr 7B Lace |
| AwlZso. Mo cotlS

| Zowwrec Grovreo Jute Srese lwes. |
Y

11, UTILITIES. DESCRIPTION

TEMPDRARY LINING

A Lol &

FINAL UINING

Appendix A-1. (Continued)
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ECONOMIC FACTORS IN TUNNEL CONSTRUCTIDN
A ——— A ————

GASE WISTORY DATA

0. MAJGR EQUIPMENT UTILIZED v SHEET .3 OF
T CuTTiNG AND EXCAVATING ) S DTHER MATERIAL HANDLING EQUIPMENT (SPECIFY) SURFACE T0 HEADING
MAKE : - LINERS {FRE CAST}
MODEL DESCRIPTION CAPACITY .
TYPE. I ROTATHIG WHEEL ] l 0SCiLLATING Aﬂ l O{EGING ARK
T OTHER {SHECIFYY

CONNECTED HORSE POWER

NO. USED
2. SHIELD oA B GROUTING
DUTSIDE DIA. 1 o Ir LENGTH T reler | DESCATION CAPACITY no.
" N0, OF JaKS l zifg‘gﬁlgf““ {ToNS: I 1r [Nuv OF JACKING MOTORS[ 4.f
- VORSE POWER EA. SACKING MOTOR aUp
- ND. SHIELDS USED /

3. MUCKING EQUIPMENT (UNDERGROUND!}

TYPE o FM g D &Q‘:‘@' R CORCRETE: INVERYT (ANC WALKWAYS]

CONVEYOR (EmETH {¥13 CAPAL(TY m UESCRIFTION CAPACITY L

HAIL CAAS L[] CAPALITY hel

AUBSER TIRE VEWICLE BO 97 _é— C ~ LD Ly g ofrrrony £y W ' B

COMBINATION (SPECIFY

4. MUCKING EQUIPMENT UNDERGRO UMD TD SURF ACE (DESCR{BE)

6. VENTING. PUNRING, COMPRESSION, EALIPMENT

DESCRIFTION CAPACITY RO

7. OTHER (Spmcity}

ECONOMIC FACTORS N TUNNEL CONSTRUCTION
CASE HISTORY DATA

E. QUANTITIES {NOT {NCL. ACTESS SHAFT} SHEET 4 OF

1. TUNKEL UF MULTIPLE, SHDW FDR EACW) 6. INVERT (AND WALKWAYS), ARCH 6. APPURTENANT STRUCTURES
o rd
LENGIH rZ_?!ﬂz__J s __Zi@’oé_ - FT - GESCRIPTION QUANTITY VENT AND FAN SHAFTS
F:NS!DE o0 o OUTSiDE 0.0 "

T CONCRETE ity CONSTRUCHAN METHOO: <, &&m
CONEIGURATION REBAR (rons) L g P z i fg

NO. CRDSS DVEAS, tF MULTIPLE €A, FORMS 18.F)
- - . G, N
TOYAL EXCAVATION (94 STAUL STEEL TONS] WIDTH FTi] BREADTH n] DEPTH FT
TUNNEL PHESSURE RANGE PS1 L] WALL THICKNER
2 GROUTING {CY} EXCAVATION DUANTITES T
21 ACTUAL 7. MAXOR UNDERPINNINGS CONCRETE QUANTITIER Ladl
RENIND TEMF, LINING OESCRIFTION AREA (8 F) PUMPING STATIONS

CONSOLIDATION {FACE} CURSTRUETION METHGO:

| Ctrnrcsic. Frowr ~
PREGROUTING 4%&@,&@&%3
1, TEMPORARY LINING {(if USEQ) Z7& SW J

DESCREFTIDN auANTY CONFIGURATION
DEFTH FT| DIAMETER 1341
T EXCAVATION QUANTITIES v
TOTAL CONCRETE QUANTITiES
4. FINAL LIMING 8. AIRLOCK SYSTEM ((F USED) ! OTHER APPURTENANCES {SPECIFY|
TYPE MAN LOCKS DESERIPTION EXTAV, (£Y} CONCRETE (£Y)
WO LINERS iF PHEFAB OR PRECAST —: AUMBER A
QUANTITIES IF CAST IN-PLACE LEWGTH . ¥T
OESCRIFTION QuANTITY DIABETER ) a1l
EOWCAETE £y #MUD LOCK 10. SITE PREPARATION & RESTORATION
REWFORTING ’ TONS) NUMSER . LX) DESCRIPTION TYPE AREA (S F.
- 653 LENGTH - ] CLEAR & GRUB
o DIAMETER T AEMOVAL _@V/A/‘
L BULK MEAD DESIGN . P8iG RESTORATION &/Af/g

Appendix A-1. (Continued)
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F. TYPICAL CREW SIZE AND UTILIZATION (1]

ECONOMIC FACTORS i% TUNPEL CNMSTRUCTION

SHMEET _§ DF
1. EREW ~ 2. CREW — 1 CREW -~ 3 CREW ~
$uiE TS/ DAY HOURS /SMIFT, BHIFTE / DAY HOURS / SMIFT SHIFTS /DAY HOUAS / SHIFT . SHIFTS / DAY HOURS /RNSET
| R e wom o | ] T e A A vovsacsmarn | sty | e | ol
TUTTBT
Své’ﬂgtﬂb&-"’ 1 '
UWALLEA— { {
SHIFTE ¢ ! /
ofsestea | T 11
Mec#AvIC 211!
M INE~ 8§13
Egﬂgﬂgﬁ ! {
| Surie/of L
CLlczacian [
Inrat 23{ 1%
o]
TOTAL
{1} NOTE: CATEGDNY OF CALIWS (HEADING, SUPPORT: SURFACE, SHAFY ETC 2 REPOAT AS LOGGED
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
ST
CASE HISTORY DATA
SRR
F. TYPICAL CREW S1ZE AND UTILIZATION {Y} FaR SHEET _§ or
R 2 CREw - Suppoart Crew) LR - Groub (reeo sthew- Byl Gang
smiFrs/oay 3 HOURS / BWIFT @ smErg oav 3 wouns sy R SHIFTS { DAY 3 wOURS /BNHT B kTS /gAY 8 wouna /et B
17 Frl] AD I3 D £ [153 FL1 R
wonnime pessmation | oFT 12D | 2D WORK DEBIGNATION st | sonn | anp WOAK DEGIGNATION sy | soe | ser WORK DESIERATHIN R EL K.
Fore e [ 1 Foreman 1 ' { Fareman i L rermam i 1 }
i [ Ceane Operadac | I} i Nazzleren alara Minees e el
Hinces 11111 (rane Qiler t b Pumg man { Lt
Muck Opecatacd 1 1t |1 mMen | & Helpecs Al ale
Qmmgwﬁgmk L ¢c i i
ancdie Qpr. | R | & | & Top Man i [
WLyt S 13 113 ravéAs | 7 (T |7 TOTAL ToTAL | S 5T 1S
i1} NOTE: CATEGOAY OF CREWS (HEADING, SUPFPORT: SURFACE, SHAFT ETGC.} REPORT AS LOGGED

Appendix A-1l. (Continued)
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ECONDMIC FACTORS N TUNNEL CONSTRUCTION

CASE HISTORY DATA
—————

A, DESCRIPTION B, DESIGN INFORMATION SHEET__1__ OF

1. PROJECT NAME 1 Epo 1L [ wumaer = 1R 1. PLAN AND PROFILE ATTACHED ves! w0
Z. LOCATION WASHNE 7o Dy Co 2. TYPICAL SECTION DHAWING ATTACHED: vesl  Iwp
1. (WNER WAATA !:numszn [ 1EMPORARY LININGS DETAILS ATTACHED: YES) | no
8. CONTRACTOR 4. PERMANENT LININGS DETAILS ATTACHED: ves| w0
5. BATES: START [I:IIMPLETE 5. GEDLOGICAL PROFILE ATTACHED: Yes|  ing

6. PROJELT SCOPE (INCLUDE ANY APPURATENANT STRUCTURES)

6. VEABAL DESCRIFTION OF SOtL CONDITIONS:

SaD ~ Sesr Ciact | DevedSed ¥ Geavse
T T
7. OWNER FURNISHED MATERIAL AND EDU(PMENT LIST 7. DEWATERING PLAN ATTACHED 1‘25‘ ilﬂ?“
6. GROUND WATER CONDITIONS DESCRIPTIGN
-
. OTHER OWKER SUPFLIED COST ITEMS {e.g. INSURANCE} 9. SITE PREPARATION & RESTORATION DESCRIPTION
4
ECONOMIC FACTORS iN TUNNEL CONSTRUCTION
CASE HISTORY DATA
O
B. DESIGN INFORMATION (CONTINUED) " €. CONSTRUCTION METHODS SHEET _2__QF ____
1. FREE AJR: =8 LENGTHFT) | 331 X
i 2. COMPRESSED AIR: LENGTH (FT)
PSIG MIN Tmn max | PSIE WTO AVE.
—

3. DESCRIPTIONS

10. UNDERPINNING DESCRIPTION Vou ~

TUNWEL EXCAVATION

11, UTILITIES. DESCRIPTION

PRIMARY LINING

b S zmnioage . guosd, STESET

D7t 77828

Alo

SAS At :{‘M/If/lif'_ Ere

S7ece Regs Fweop

LAGSin G

FINAL LINING

(Y Conienere

Appendix A-1.
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ECONOMIC FACTORS IN TUNNEL CONSTRULTION
CASE HISTORY DATA

0. MAJOR EQUIPMENT UTILIZED SHEET .3 OF
1. cuUTTI™G AND EXCAVATING HAND MWING 5. NTHER MATERIAL HANDLING EQUHWENT {SPECIF Y) SURFACE T0 HEADING o
maE LINERS PRE CAST)
oDEL DERCRIFTION cameiTy )
e | soratimamerer | l OSCILLATING ARaes I —[ DiBgE AR j
oTHEN wrRCcE Y
CONNECTED MOREE, POWER
N UsED
1 GntLo MiLwWAvKEE Pojo By MFG, GROUTING
OUTHDE DIA. 32,7 * LENGTH A {, 9 , OESCAPTION CAPACITY ne,
0. OF sacan | roRcs ow 120 ]n0. of sacma Motons|
NORSE POWER RA. JACKING MOTOR =
N0, RATLDS USED
3 NUCKAN ECOWNENT (LNGERAGROUND)
ey COMCRETE: INVERT {ANG WALKWAYS}
CHVITER: LESATH o CAPALITY m DESCAIPTION CARREITY o,
mAR cans: ». TAPRLITY m
NOUNER TWAS VENEELE RO, CAPALITY m
CENMEATIOq GFECHY)
4. NUCHING SOVIPNENT GEDENGNO WD TO SURFACE (DEICRIBE)
8. VENTING, PUMPIHG, COMPRESSION, EQUIPMENT
BESEAITION camaCITY .0,
1. DTHER {Spacity)
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
CASE HISTORY DATA
F. TYPICAL CREW SIZE AND UTH.IZATION {1}
T T—— — SHEET .5 __ OF
- - 4, CAEW -
BHETS/ OAY Z m::'m {%”ﬁ.‘i’ SHIFTS 7 DAY HOURS / SHIFT SHIFYS 7 DAY HOURS /MY SHIFTE/ DAY HOYRS ¢ §HIFY
wonkg oesiowanan | (5| 0 1 0 WORK DESIGNATION st | sp s WOAK DESIGNATION e sf::fr ﬁ WORK DESICRATION 357:75?, any
 Serewumenenr | (¢)
| Sptgicanl Lt
2214
] 1A/ 3 . .
| Frbeiticoas. { !

| Hesemtauic L

< v

| Losperad ~

TOTAL

11} WOVE: CATEGORY OF CAEWS IMEADING, SUPPORT: SURFACE, SHAFT EVC.) REPORAT AS LOGGED

Appendix A-1l. (Continued)
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ECONQMIC FACTORS (N TUNNEL CONSTRUCTION

A DESCRIFTION

CASE WISTORY DATA

PROJECT NAME £ b e odere. fo Honfaomcrg gNIMBER [ SO/~ B

~

LOCATIN Son Francisco, Califoraia

LOMER A QRTH Jevemeen  pprp
A CONTRAETOR

5. DATES: st s0/a 70 [eoweere 5 /7
8. PRDJECT SCDPE (INCLUDE ANY APPURTENANT STRUCTURES)

ﬁgcron’mofci‘g (40 P od 4euin .ﬂubmﬁ
bine tunnels

7. CWHER FURNISHED MATERIAL AND EQUIPMENT LIST

B DTHER OWNER SUPPLIED COST ITEMS (g, INSURANCE]

B. DESIGN INFORMATION. SHEET_1 _ OF

1, PLAN ANO PROFILE ATTACHED: YES ND
2. TYPICAL SECTION DRAWING ATTACHED: YES NO
3. TEMPORARY LININGS DETAILS ATTACHER: YES) NQ
4. PEAMANENT LININGS DETAILS ATTACHER: YES L
5. GEQLAGICAL PROFILE ATTACHED: YES Ho

L

VERRAL DESCRIPTION OF SQIL COMDITIONS:

Has'f‘}sj cloy ond sond with same hord
cround encaldntered.  Gownd. stood (o daicly
/J*m‘t T v

7. DEWATERING PLAN ATTACHEQD

el ]

8. GROUND WATER CONDITIONS DESCRIFTION

9. SITE PREPARATION & RESTORATION DESCRIPTION

ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

B. DESIGN INFORMATION {CONTINUED]

CASE HISTORY DATA
I ———————

10. UNDERPINNING DESCRIPTION

1t. UTILITIES. DESCRIPTION

Appendix A-1.
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C. CONSTRUCTION METHODS

1. FREE AIR: Ve =,
2. COMPRESSED AIR: /¢~ =,

SHEET __2__OF
LENGTH (FT) | TR G, 7 FL
LENGTHFT | 706, 9

| rsic wrn avs.

PSIG MIN & | sic max

1380

1. DESCHIPTIONS

TUNNEL EXCAVATION

£ } sarried e 4

wsed woth o muock conucyar o ith tfrains
A ribber - tired  uchicle (A)C{‘\ yisa cisect

PRIMARY LINING

Stecld

liner m’nSx RYa £ Laide

TINAL LINING

Concreic

(Continued)



ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

CASE HISTORY DATA

0. MAJOR EQUIPMENT UTILIZED SHEET __3__OF
1, CUTTING AND EXCAVATING 6. OTHER MATERIAL HANDLNG EGUIPMENT (SPECIFY] SURFACE TO NEARING
MAKE LINERS {PRE CAST}
MODEL DESCAIPTION CAFADITY [N
TYPE ] ROTATING WNEEL ! [ GSCILLATHIG ARMS L j DIEGHIE ARM I
en ey _Manual Dicaing
CONNECTED HOREE POWER v d
NC. USED
1. SHIELR GROUTING
QUTSIDE Dia. | /8.4a5 Ff ] LENGTH l BESCAPTION caraniTy u0.
NO. OF JACKY [ ] TRt rORCE ONS) | 5o fio. o sacking woTons Geeud Aaitatcrs &
HORSE POWER £A. JACKING MOTOR (hemi(r,l\)r’qrn:r}' Pinnt ]
nd. SHELDS UsED Grout Puong Coen 2
1 MUCKING EQUIPMENT (UNDERGROUND} i
™ N8B Eimce Bie Muckers CONCRETE: INVERT (AND WALKWA Y8}
CONVEYAR: LENGTH Ty CAPACITY m DESCRIFTION CAPACITY 0.
han eams: - caracTy m Conceede vricks o
NIISEN TIRE VEMICLE WD, EAPAGITY m Rateh plant 1
COMBWATION QPECH Y] v
4. MUCKINE EQUIPMENT UNDERGROUND TO SURF ACE (DESTRIRE}
2 oardahk acnemisrs | T S44 Backhoe. | tihicked 6. VENTING, PUMPING, COMPRESSIDN, EQUIPMENT
2 :‘cv sheel Jdnm 0 f.fxurm R jock legs ‘2 bhreake ) otscairion EAPATITY .
Lrock q;ack Stazleades 1 pickap 1 S50-hapxs Rodte fsy rocomatives, Treins 15 Tam]| IR
- . Crenes 18 -30 Tond 713
- M k Cors {a
7. OTHER (Specity)
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
CASE MISTORY DATA
E. QUANTITIES (NDT INCL. ACCESS SHAFT) SHEET _4__ OF
1. TUNNEL (F MULTIPLE, SHOW F BR EACH} 6. INVERT (AND WALKWAYS), ARCH 5. APPURTENANT STRUCTURES
LenGTH SR~ 1109,9 G o7 - '],?q, 1 ET DESCARTION QUANTITY VENT AND FAN SHAFTS
INSIDE p1A. 17 - L " TONCHETE iy CORSTAUCTLON METHOD -
CONFIGURATION c!‘f(uio r RERAR {Tons)
NO. CROSE OVERS, IF MULTIPLE EA FORMS a.FH
TOTAL EXCAVATION cY STROC STEEL 1TOMSH move l"){ BAEADTH Fr ] DEPTH FT
TUNNEL FRESSURE RANGE J. "‘rJ PSl - }3 %a PSt WALL THIEKNESS
1. BROUTING {CY) EXCAVATION QUANTITES [44]
o ACTUAL 7. MAJOR UNDERPINNINGS CORCAETE QUANTIIVES €
BEHIND TEMP. LINING ‘ l C. 3‘ 3 CH DESCRPTION AREA 8.F.) PUSWNG STATIONS
CONSOLIDATION (FACE) CONSTRUCTION METHOD:
PREGRADUTING
3. PRIMARY LINING
DESCAIFTION DUANTITY CONFIGURATHON
2-Yg b Steel Ri DEPTH wn]nmﬂnn 1
EXCAVATION QUANTITIER v
ToTAL CONCRETE QUANTITIES
4. FINAL LIMING 8. ATRLOCK SYSTEM OF USED) OTHER APPURTENASCES (EPECIFY)
TR o rp +(. MANLOCKS  y o n o DESCRWTION EXCAV. KY) COBCAETE (CY)
NO. LIMERS iF PREFAD OR PRECAST Ea WUNBER {EA}
OQUANTITIER IF CAST-IN-PLACE LERETN {Fm
DESCAIPTION OQUARTITY DIAMETER (FY1
comeneve @ MOLOCK e 10, SITE PREPARATION & RESTORATION
RERFOACING oS NUMEER 1EAH DESCRITION Yo AREA (3.F }
FORAMNE i8.F.) LERGTH 1¥13 CLEAR & GALR
DIASRE TER (i3 1 REMOVAL
[ BULK HEAD DEMGN PSIG RESTORATION
Appendix A-1. (Continued)
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ECONOMIC FACTORS !N TUNNEL CONSTRUCTION

CASE HISTORY DATA

. TYPICAL CREW SIZE AND UTILIZATON {1} SHEET oF

1. CREW- Leading (reco 1 CREW - 5S¢ P ce 3. CHEW - 4. CREW ~

SHIFTS/ DAY L HOURS / BHIFT ? SHIFTY / DAY HOURS / BHIFT SHiRgS / DAY HOURS /SHIFT N SHIFTS /DAY Iﬂﬁlﬂ-f‘ﬂi"l

woRKnG Desrnation | o8| 250 'ﬁ’i‘ WORK DESIGNATION sk | s | ol WORK DESIGHATIDN [ wonk oEsienaTion | (ST 1 ND [ ORE

e”)u.ynr’rin%ndcn‘} !

Shift Bosa i -

Hmdlna Em:mr -3

pﬁmcra -13 |

Mechanics =4

Linlker ]

Brakemon 1

Ooccatars =3

Hodnr rogn 4

Laborera —

Teon Liockers |1

Oiler | I

TOTAL ‘ﬁg‘ﬁ Al
3] NOTE: CATEGORY OF CREWS {HEADING. SUPPORT: SURFACE SHAFT ETC.) REPOAY A5 LOGGED
ECONDMIC FACTORS IN TUNNEL CONSTRUCTION
CASE HISTORY DATA

A. DESCAIPTION B. DESIGN INFORMATION, SHMEEY __1 __ OF

\ PROJECTNAME L o x o [fcs he f Shrcct INUMBER /s 0n ] 1. PLAN AND PROFILE ATTACMED vis|  wo|
LLANIN San Francisco, Calif 2. TYPICAL SECTION DAAWING ATTACHED: ves)  |wo
1LOWNER RART me;msm PETE 3. TEMPORARY LININGS DETAILS ATTACHED: Yes|  [NO
4 CONTRALTOR  Sheg, - Ba //- Gron) ko - Olsen 4. PEAMANENT LININGS DETAILS ATTACHED: ves| w0
5. DATES: START 7/ fe [:onmm A-///o/*m 5. GEDLDGICAL PROFILE ATTACHED: vesi |wo

PROJECT SCOPE {INCLUDE ANY APPUATENANT STRUCTURES!

Fowr-bore (e bores on cach a-t & icchsJ acked
steel rice Lined. Tolol drive oF 23

heod | [ LE, Incliades 2
Cross oJer m&maam ned £ fnm.‘naﬂng tunncl
ragls

7. OWMER FURNISHED MATERIAL AND EQUIPMENT LIST

Jc\ojmtn{{n’ ~eel iners

Electrical ssidchaenr

Lighiing Lixture

Vrat fans mith deivers_conteals +dnn~nmz\

Prcaer diatechutan panc [x
§. OTHER OWNER SUPPLIED CDSY JTEMS {o.g. INSURANCE]

6. VERGAL DESCRIFTION OF SUIL CONDITIONS:

WoTasts salicl _slue cladg The aereund _coas
monthy. tohesie  racept dor Yocenssional

7. DEWATERING PLAN ATTACHED

Jres]  [wo]

8. GAOUND WATER CONDITIONS DESCRIPTION

TACI toere € deca instanaces cohere cooter

amr:dﬂi— the Ovce  tkiness \fﬁu{d
mos:‘*hj beloco a lewel of et bodYdhere oere

insfantes or runnma u}n ter
9. SITEPREFARAT(ON & RESTORATION DESCA

§§ Wlerkren’s compensation lnsuf. |

Appendix A-1l.
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ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
s

CASE HISTORY DATA
SRRSO

B. DESIGN INFORMATION (CONTINUED;

C, CONSTRUCTION METHOOS

SHEET__2__ OF
1. FREE AIR: LENSTHIFTI| & 2 B3
L COMPRESSED AIR:  ~od | oo d LENBTH {FT)
PEIG MIN PS16 MAK [ psta wrt ave,
3. OESCRIPTIONS

1. UNDERPINNING DESCRIPTION

TUNNEL EXCAVATION

Ercauation fac tunnel Si cons roitha 179938

shicld tyth o dicger orm  Toancis SR IR and

Ti wscd an 8 Bk Ph shicld (ith o dicger

arr. Al dunnels used o conuegac Beld

and tein fhr mauck removal. OXood one -

hald of Hhe mim‘nﬁ; teaas done b&jr hand

11. UTILITIES. DESCRIPTION

FRIMARY LINING

Peaye  celocate :>unnnr1{ ar rco]nce :Scemrn-icd Yo P steel Iiners
cxisting wbility lines such as \%nrm deains
.:cmn‘nrg sooers  caadee, Qas, liehting and
AoLCe disteibution and YMun: Yines
T FINAT, LLINING
o — Coanerete
- -]

ECONOMIC FACTDRS IN TUNNEL CONSTRUCTION

; CASE HISTORY DATA
SRS
D. MAJOR EQUIPMENT UTILIZED SHEET __3__OF
1. CUTTING AND EXCAVATING 5. GTHER MATERIAL HANDLING EQUIPMENT (SPECIFY} SURFACE TQ HEADING
MANE LINERS (PRE CAST)
MODEL DESCAPTION CAPACITY wo.
TYPE: l ROTATING WHEEL ! I OSCILLATING AR l l DIEGIRG ARM Ix
omerorreer Hond  Ming ng
CONNECTED MORSEPOWER o4 . 4 [}~/ Iabfc
MO, USED
2. SMIELD GROUTING
OUTSIDE BIA. i 19 .08 # [ LENGTH DEsCRTION CAPALITY 0.
THRUST FORCE (TONS] | Bu+ 3 8O0 TR - S FCo ,
WO, OF Jacks [ B [ shore - Groct Mothine /
HORSE POWER EA. JACKING MOTOR
NO, SHHELDS USED 1
1. MUCKING EQUNMENT (UNDERGROUND]
TYPE: C Eh‘ !c 5 : B: zi Q O d i 3: N 3: CONCRETE: INVERT (AND WALKWAYS}
CONVEYOR: LERETH T CAPACITY : m DESCRIPTION CAPACITY .
RAIL EARE: . cARAEITY m Troack Mounted Thompsaa Concretde Putmr i
RUFSER TIRE VENICLE B0, CAPACITY m
COMMMATION PECIFT
4. WUCKING EQUITSENT UNGEAGROUMD TO SURFACE {DESCRIBE)
6, VENTING, PUMPING, COMPRESSION, EQUIPMENT
DESERWTION CAPACITY ».
Bathery Lo cootives FEN,
Linico Rir Mucker /
cranes LO fons | =g
7. DTHER (Specity}
Appendix A~l. (Continued)
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E QUANTITIES (NOT INCL. ACCESS SHAFT}

ECONOMIC FACTORS IN TUNNEL CONSTRUCTION

CASE HISTORY DATA

SHEET _4__ OF

' TUNNEL (F MULTIPLE, SHOW FOR EATH) § INVERT (AND WALKWAYS], ARCH 8. APPURTENANT STRULYURES
ENGTH 1567 24 DESCRIFTION auantiTy VENT ANO FAN SHAFTS
INSIDE ©)a, 74 ", ° OUTSIDE ma, CONCAETE tevs CONSTRUCTION METHOD:
CONFIGURATION ‘gé"’:g’i:;‘éfk bores °2‘7‘i ] REBAR ronss
NO, CADSS OVERS, IF MULTIPLE & EA. FO RS 1.8
TOTAL EXCAVATION cy STANC. STEEL TOKSH L] «m! EREADTH FY | DEPTH 31
TUNKEL PRESSURE RANGE - Par P8 WALL THIEKNESS
2. GROUTING {CY} FXCAVATION QUARTITES [34]
- .8 ALTUAL 7. MAJDR UNDERPINNINGS CONCRETE QUANTITIES cY)
BEMIND TEMP. LINING CESCAPTION ARER S5} PUMPING STATIONS
CONSOLIDATION (FACE} CONNTRUCTION METHOD:
PREGROUTING
3. PRIMARY LINING
DESCRWTION QuaRTITY CONFIGURATION
Seamented steel einas oerm™ 7| DiaweTeR on
¥ 9 FYCAVATION QUANTITIES v
WAL CDNCRETE QUANTITIES
& FIRAL LINING 1. AIALDCK SYSTEM {IF USED}) OTHER APPURTENANCES (SPECIFY}
TPE (e 'i'r MAN LOCKE AR DESCRIFTION EXEAV. (EY} CONCRETE (CY)
NO. LINERS if PREFAS DR PRECAST Ea NUMBER f£a)
QUANTITIES 1F CAST INFLACE LENDTH [3¢]
OEACAITION SUARTITY QIAMETER [
CONCAEYE Yy MUD LOCR NONE, 10. ITE PREFARATION & RESTORATION
REIHF OREINE 1rons} NUMBER A DESCAIPYION TYPE AREA (5.6}
fORMNG B3] LENGTA #D CLEAR & GRUB
cameten T n HEMOVAL
BULK HEAD DESIGN PRIG RERTORATION
ECONOMIC FACTORS IN TUNNEL CONSTRUCTION
CASE HISTORY DATA
F. TYPICAL CREW SIZE AND UTILIZATION {1} SHEEY__ S __ OF
1. EREW - 2. CREW - 2. CREW - 4. CREW —
swiETs/oaY 3 HOURS s suifY SHIFTS / DAY HOURS / BHIFT SMIETS [ DAY HOURS / SHIFY ERIETS 7 DAY HOURS / SHIFT
WHORKING DESIGRATAN ’g:y \i&_ﬁ,?_“ WORK DERGWATION "Q‘E—WL‘"_ WORK DESIGNATHOW E_’:L—E‘ﬁg WORK DESIGNATHOIN &ﬁ@,ﬂ
[ pressnr H 1 1 I
hahacers
Mechanics =S5 1-51-5
O iodac LR Lha il
 Motnronan Jd L |
[Beokernan ] ! i
Oiler ! ! !
iitec 1 I !
Minecs ~13]7- 13 -
Sucurgars (3313513 ’
Tron ckers
Grout Creva
Superintendent | Pl

{ };\HL ecs

TOTAL

{1} NOTE: CATEGORY OF CREWS IHEADING, SUPPORY: SURFACE, SHAFT ETC.} REPORT AS LOGGED

Appendix A-1.
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Appendix A-2

A record of the weekly average, for each tunnel studied, of the
[ ] progress rate,
. down hours and

° soils encountered.

All data, including those concluded to be outliers, are listed. These

data are also available on the punched-card data sets submitted,
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PRDERCSS ANL PROGUCTION
PAY ARER RAPID TRANSIT LISTRICT
CCATHACT KUMRgR 1POG3L
PR OTUNNEL - 24T TC FARoaLL $TRLCT
AL CPARCTILCY, CALIFOKNIA

NCalilQURE - HOUKWS/WETK FLLATIVE FELQUINCY OF SCYL TYPL LLRING
ey causk THE wCEK

STFTIION TUNNTL CUMUL »  PRCYT
2T S5TART  RATL FLLT T€ MRS IN LHICLU EACAV CONVEYCR MUCK MTS50C ADMIN

OF wLEK  FT/ek LATL Naa) Cuuip TRANS
IDDLE3 12,40 15,00 L] wuid G0 #CU LG .00 Sac »70 0 LU0 1.0 W00 LTL LG8 D0 1400 W00 20
Ii0ubi 32.59 BT.57 32,00 «J0 0 5,00 60 <0 .57 $ 0D Te5C «LO 1s0C L0 G L00 «L0 .00 30 20
3D0.35 187.50 235,06 §30.00 <30 e M) «C0 G600 #07 10.80  WLO 1,00 JHE .0 »OC 400 3.UD .00 200
2¢B 8B 9T.52 TILLE0 ul.ed Pre ) «00 « 40 «LC TB.GD  1.00 7970 «L0 1.70 «00  $J¢ 40 «CO 1.00 .CC #20
257,50 Z2C.0n 52,50 131470 sl 245C «GO %GO 3.an »IL 9.70 LL1 =50 SGC «00 «GO +00 1.00  LCO 20
255430 127.50 68G.0C §6.00 2ull L.CC 2 NG -N0 17.00 230 22,00 57 .50 LGO0  WOC .30 0O 1.CO 400 +20
L%%.02 14%.00 82500 5%.C0 30 LG <10 L0 6b.5C «Jr Ls.5it 50 W50 «20 .00 «G0 =00 1.00 .10 <20
2Y2 % Z6L405 2085,80 94,00 0 FafG 00 +10 19.00 A0 26,U0 W50 L5L .20 LT Lut WC0 ¥.00 ST0 »2C
2EP.Fr 250450 13I7TL50 94.(0 «3 .L0 0 2 L0 2e.5n 30 dbeSC «1U 1.00 it L «{0 «FG 1.GD .00 20
TRTLES 125,00 1502.50  ba LD « L3 9.0 PR <G 17.CC 00 36,00 =10 1,00 .30 «70 .00 <00 1,00 00 »20
FL5480 155.00 1057.50 T7.EQ 2ul 25,00 N SLU 4.UG wdD 83.uL 0«16 1,00 W30 430 LDD .70 3,00 00 #20
284423 192,97 1BSLL.O0C 97,00 «20 W00 «00 +CO 22,00 S0 iD.0C 10 1.UC +1C #00 «3C <L 100 «0D «20
L8233 110403 196000 50.T0 +L0 56.C0 i =00 200 §3}.5¢C «JG 9.5C .10 3,00 <35 0L L0 «C0O .00 00 .20
CEY422 YL.0Q QCELLGE 332.0d 2L3 1.00 .00 L0 S.u0 SO0 £e3G  »30 1.0D .35 .03 LD .00 .00 ,00 220
SEO0.3Y 250,07 23CLL00 hbefu «30 1580 00 +00 I8.5C »00  23.5C LD 1LOL L35 L,20  .LO0 «TO }.00 00 20
STTe8T 257450 TEE TSI 82.L0 «dl 19.50 .o G §8.50 =30 Ig.CL 310 1.CO »35 «00 -C0 +00 1.00 00 «2C
275425 3DGC.00 ZES7.5C  95.TD »s0 5,50 #CO ¥4G0 15,50 200 25,006 .10 1.0C 3% .0C .OC 0O 1.00 .OC «20
272425 245.00 102400 130,00 00 16,00 260 +C0  u.oO <00 20.C3 <15 1.0C <15 LOL .00 DD 1.00 .00 s20
269.BL 217.506 3IWu.00 88.C3 «10 22.00 .00 5.00 %.50 .00 31.50  «1F 1.00 215 00 «0C «LO 1,00 L00° 20
267483 257,50 3597.50 Sa.s «JD  T.00 +CO0 «00 19.50 «J0 26.%C  «10 1.0C 1.00 1.00C .5C €O 1.00 DO «50

FLY FOR S0%) TYPFS wn (Y 10 VvaLUFS FOR RUNNIKG wATLR
I ~ SILY ANL CLAY ¥ - CEFENTEQ GROUNC

11 - CLAY AND SahD ¥l - PLAT AND TRASH o = DORY »7% = RUNNING wATLR

111 - SAND AND GRAYLL VII - CCKLSIVL GROUNC 25 © MOIST i & FLoQOCYL

Iv - COHABLES aNO BGQULNERS ¥III ~ RUNNING CHDUNC «50 ¢ WET

PROCS A
PAY RQEA RAPID TRAKSIT Lrsricy FR% ANE PROBUCTION

CCNIRATY MUMGER IMCLYD
FE OTUNRLL ~ 24TH TC EANZALL SIRCEY
TAL FRANCISCO, CALIFOR%;A

CORNKOURY ~ HOURL/MEEAM PCLATIVE FRECQUENCY GF
EY CAUSE THD vLEN

$OIL IYPL DURINC

S1ATIOR  TUNNEL  EuUMul. Peor

B1 STARY  RaTE FEET T&L HRS In LHIELD [xCay CONWLYOR MUCK MICC AGMIN LORN
Flsun ERYE wELK Equlp TP &N

-
-
-
—
=
<

=
—

¥I1 wlll RUNNING
wATER®

TtH.B5 Y57.50 2655.00 9E.ry sud 12.5U .00 <00 1Z.p0 <00 25.% <15 1.0C .15 +DC LG .70 1,00 .00 50
262,28 247,57 4102.%0 9r.ry «uf. 2ulsT ] +00 5.00 +O0 ZBLST L1015 1400 LIS 4Gy W00 suD 1.60 .00 -50
255+80 195.00 4297.5D 83,43 230 22,00 « O£ ~05 15.00 «00 27.00 #15 1.00 1t «77 oo »CC 1.00 .p@ «50
287.85 4T.59 wins,.40 41.13 «13 T6.00 «00 <UD 3.00 «00 1v.3C <15 1.um «1% «0L .00 00 1.0C .20 50
SU7.3B 0 BL.DO 4425.0C 56,10 i «L0 <0G «00 16.5%0 «an 18,50 »15% 1,00 »15 1.00 «80 »C2 t.00 .QC 50

Appendix A-2, Average Weekly Progress Data
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PROLRESS AKL PRODUCTICN
CAY AREA HAPID TRAMLIT LISTFICT
CCRTRACT NUNMLLR 1ROC2Y
#L TUNNEL ~ 28TH 70 FANUALL STR_ET
AN FRANCISCD, CALIFORNIR

CDoadHOURS ~ HDURSSWEENR TELAT VL FREQUEONCY GF SCIL TYPE DURING
BY CAUSC THE WECK
$TATION  TUNNIL CUmUL . PROY yeraL
AT START AAMTE  FigV TD HxS 3N LHIELD EXCAV CONVCYDR MULK MISC AUMIN  LOMW I M 11y v v L4 ¥II VI1] RUWNNING

wATER®

CF WEEF  FT/uk ayr =ELF ceulr TRaANS

JLa.8)  EFLLUD 2C.00 32.Lu 1a50 «CU +CU +ul S.ac «30 6+50 03 1.0 «07 0L JUD <O 1,00 ,OC »20
3C0.83 12,56 51.5C 3®.00 2+20 2400 - 00 «00 2.5C -0 6,50 LLJ 1.0C LCO0 +5u  wuD .CO 1,02 .00 U
M0L3C 122450 175.00  T76.LUG «al 3u,50 +GC +00 5+00 5,00 86.5C 00 1.30 »0C .30 .20 .00 1.00 .OC +20
$59,C8 I6L.OD YIS.LL  &9.(0 3..0 27,07 €0 sCO  %.,00 «30 1.0 LUD 1.00 .00 .00 ,00 .00 t.00 OO «20
257 .26 22€.D0  355.8C 113.CC NauC .00 N0 B0 15D 1.50 T.0€0 .53 ,L5C .CO ,L3LC LCG .CO i.CO 0D «20
2¢5.06 Z37.L0 192.50 102.00 « il <00 20 440 Y8450 «JC  3B.SG  «50 .50 .20 .CC  .CD .00 1.80 LOO «20
A%24T0 37L.U0 1162.57 112,70 «33 1e50 =490 «LD  S.0C 1.5C 8.00 .58 .f «22 &34 40 <00 1400 DO «20
ZE9.5C 187.50 1350.00 60.r0 «1d0 2.00 00 »C0 13,57 2.00 i7.5L .10 Ll.JG .10 .23 L00 .00 1,00 ,OO +20
S€7.13 (37,50 1987,50 63.rd «ud 30 «C0 200 te.50 «5371 18,00 LI0 1.00 30 .00 .00 «GQ 1.00 .00 «20
2E5,75 2T.50 1515.50C 10,00 «s0 207 +06 +LOlN&.nG «JG 130-3C .10 1.30 10 .00 .00 .00 1,00 .00 .20

2E5.%8 180,00 1895.20 8n.CD 1.00 «DC 14,00 13.00 T.50C .00 25,5C ,37 3.90 .10 00 L0 GO 1,00 .0O »20

283 .68 175.00 1BTC-D0 92.70 «U0 1&.CO .00 20 11.0D +00 27.00 .10 1.C0 .4€ .OC .0 .30 L.C0 .00 +20
2831491 85.00 1935.0C S%.00 «J0 37,00 ~00 260  u.Da «30 41230 .10 1.00 35 .00 460 CD ).00 A0 ° .20
280.9& 22.50 1987.5C 2&.CG «50 86.00 <GD ~UB  &.50 «00 92450 .10 1.70 L35 .g0 .00 .00 1«00 .00 w20
“60+75 175,00 21862+5F 66.C3 ~00 ®0,50 12.50 sUD ).00 +00 S&.00 +1C 1.00 .35 00 40 0O 1.00 .00 «20
2719.00 332.50 2495,00 124.{0 «d0 .00 .00 +«C0O 10.50 #30 18.50 .10 1.00 <35 N0 .00 .30 1.00 .00 .20
275467 B2.50 2577.5C S6.r0 »u0 58,00 00 20D %.50 «00 Et3¢SD .10 1.CO 435 .95 LCO 0O 1.D0 .00 »20
279,85 23C.00 2787.5C 101.C0 «0  s.00 .00 .00 i0.00 200 19,70 .30 1.00 3% .00 <00 .00 1.00 .00 «20
27275 292.50 3CAC.DC 9a,.C0 »u0 600 »00 «60 2U.00 +S0 26450 .15 1,00 .35 LOG LO0 .00 1.00 .00 20
269,82 205,00 32R5.0L0 95.00 sU0 18,50 N0 +LD  §.50 50 24.50 .35 1.00 +15 .20 .00 .00 f.00 .0Q 24

#EY FOR SoYL TYPES ®KEY TO YALULCS FOR RUNNING wATER

LI = SILT AND ELAY ¥ -~ CLMEINTED GROUND

IT -« CLAY AND Sanu ¥l ~ PEAT ANO TPASH 0 = ORY o785 = RUNNING NATLK

111 = SANU AND GRAVCL ¥11 - COWLSIVE GLROUND +25 = WOlsST 1 = TLODDED

I¥ - CoBBLELY AND DOULDERS v1I1 « RUNNING GROUND +3C = wL7

PROULRESS AN(G PROCUCTICON
FAY ARER AAFPID TRANSIT UISTRICT
FEKTAACT WUMZER jma031
FL TUNNLL ~ 2uTH 7O RANLALL STR. LT
L&N FRAMCISCO, CALIFCRARIA

DOWNHOURS - HOURS/VECK RCLATIVE FREQUEWLY OF SOLL TYPL QURING
Ry chustL THEL wELK
ITATION  TUNNIL  LUNUL. PRGC ToTaAL
T OSTARY RATE FCLET TO wRS 1IN LMIELD LXCAY CONYEVOR mUCK MISC AUMIN LOWN 1 i1 111 Iv v wl VIY ¥111 RUNNIAG
OF wEER  FT/ak LATE VEEX fQulr TRANS MOURS
267.78 23C.D0 351Q0.03 9Z.LD #db 23,00 00 UG &.00 «5C 2%7.%50 .10 1.90 .10 .00 OO .GD 1.00 .00 2t
265.28 285,00 399%.C0 95.CU «L0 Te00 «00 «CO0 16.50 1+%0 I5.9C 310 1.00 1.C0 1.0C .80 ,L,0D 1.08 .00 «50
Z62.82 325.00 %120,0C 1G&,.LO »ul 7,50 »L0 «30 a,5C 30 16,00 .15 1.00 +15 03 .00 .CO 1.00 .CO U
259 .47 160.00 4280.00 1UE.GU «UC  T.CO 00 +G0  5.50 w00 1280 1% 1400 «15 <00 .00 00 2.08 .00 «50
257,58 11G=00 %350G.0C 101.00 -0 Do »CO0 «Ld 13.00 »00 11.00 .15 1.00 15 1.00 .80 .QO ).00 .OO 50
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PROGRESS ANG PRODUCTION
TAY AdLA RAFID TRANSIY 2]5IRICY
T{CAIRACT RUBELR TRKALT3
CRARL TUNNELY
EERRELEY, CALIFORKIA

COaNHAURS ~ WOURS/wlEN FELATIVE FREQUENLY OF SOIL TYPE DURING
6y CAusl THE WELK
SYATIOQH  TUNSNEL CumMuL. PRCC TOTAL
$7 START RATE FEEY JO HRS INM . WICLD EXCAY CONVEYOR WMULK mMISC ALMIN  (OMN 3 il 11 I ¥ ¥i ¥I1 ¥III RUNNING

CQUIP TRANS ROURS

CF wEEM  FYsdK

129,82 .30 2e.00 T6.00 4,30 .00, L0C WU E.0D0  ,00 32.00 U0 .50 .50 2G .00 .CO 1.00 ,LCO  »C€0
12i0.72  $2.05  90.00 12C.D Rt I .00 [N T R 1 W50 «GD .50 SO JBC  LGO LU0 1.00 0D .00
1224410 T2.00  163.LO 112402 .50 .00 .ca W80 240C LU0 Z.00 00 5C W50 .93 .60 .00 1.B0 .00 .00
1223,37  49,0C 212.0% 111.00 .30 00 .00 3.00 1400 5.00  9.00 U3 W50 «53 .30 .G6 .50 1.00 .00 .00
1722.88 52.C60 264.00 114.° 3,60 .00 .00 LCO0 .OP 3.0C  §.00 +00 .50 +5C .00 .GO .OG 1.0€ .0O .00
1222.36 56.00 220.00 11%.00 L N «00  1.€0 .00 UG 3.00 00 50 .50 .00 .00 LCO 1.00 .CO D@
12:1.80 47.29 347,0C 80,00 3&.u0 .90 .00 .00 3.06 3.00 4p.00 LO8 .50 .50 .03 .cD LCO 1.00 .03 <00
121,33 75.05  443.00 138.00 L0 .30 .co «00 2.00 .30 2,00 00 .5G 59 .30 LCD .00 1.00 LOG B0
1220.57 B88&,Ud 529,00 12C.CO L300 .00 M4 .L3  .0n .40 LOG  »00 .50 W80 L3 .60 .90 1,00 .00 .00
$219.71 E7.00 616400 115.40  2..3 .00 .00 W60 .00 .00 2,00 00 .50 .50 .00 .08 .00 1.B6 .00  L00
1213.84  96.00 T12.0C 1311.T0 2,07 .00 .00 4,00 3.00 .00 9,00 +G0 50 .50 .00 ,LLD .30 1.00 .00 .08
1217,88 £9.00 771,00 7600  2.90 409 .00 200 00,00 2,00 +C0 450 50 .02 .00 .00 1.00 .00 .00
1217,29 91,67 862.CC $17.00  Z.i0 €0 .00 .L0 $.00 ,00 3.00 -00 .50 .50 .0C 00 .00 1.00 .00 .OD
1218.38 8i,00 544,00 311,00 5.40  .0OC L00  1.00 1,00 ,30 7.56 .00 .50 .50 ,0G ,O0 .00 1,00 <00  «00
£215.56 72.00 1C16.LC 99.00 20.30  .0G .00 1.L0 -8 .00 21.0C G0 80 .00 5G 00 .00 1.00 .00 .00
1214,66  £3,00 1C99.506 119.L0  f.u5 .00 .00 .00 400,00 1,00 .00 00 .00 .SG <00 .00 1.080 .00 woD
1z1a.01 35B.00 11S81.08 S4a.,r0 2,03  ,00 .on «G0 200  +00 2.00 +00 +0C <UD .50 +0C .00 1.00 .00 .08
123%.43  §9.00 1225.00 96.00 .30 .00 -ro .60 .00 .00 .00 +00 .00 0D .50 .00 .00 1.00 .Q0 .00
112,74  65.00 129G.0C 120 .00 .00 .00 .00 .00 .00 W80 7 .ad .00 W80 .00 1,007 1.00 .G i.00 .06 i60
1212.09 B%.00 1378.GC 119.00 suo o0 .00 1.U0 <00 L00 1.00 «00 G0 JED 1.00 1.60 .00 1.00 .00 .00
FLY FOR SOJL TYPES . SKEY TD VALUES FOR RUNMING «ATER
T - SILT AND CLaY v ~ CLWENTED GROUND o
17 ~ CLAY AND 3AKD V1 - PCAT AND TRASH G = ORY W75 = RUNNING WATCE
III ~ SANG SNO GRAVEL ¥1I - COWESIVE GROUND .25 T MO1sT 1 = FLOOOED
Iv - COBBLES AND BOULDERS v11} - RUNNKING GAOUND =50 = WET

PROGRESS ANU PRODUCTION
AT ARLA RAPIG TAANSIT CISTRICY
CONTRACT NUMZER 1RODED
KRZRL TUNNELS
EEPRELEY, CALIFGUAIA

CUWNHOURS ~ HAURS/UWEEK RCLATIVL FREQUENCY OF SCIL YYPL OURING
ey C THE WLCK

STATION TUMKEL CuMUL. PROL T0TAL

AT STARY  RATL FLLT TC MRS IN LHIELD EXCAY CONVEYOR MUCK  MISC AQMIN  DOMN 1 nroaw ¥ VI VII VIILl RUNNING
CF WEEX FY/dK  LATE VELK EQUIP TRANS WATER®
1211425 85.C9 1459,00 119.03 +30 .0C WA0 1400 400 U0 100 «0C <00 «00 1.00 3.00 .00 1.00 GO  fO
1210,8G 15,36 14T4,C0 120.G0 .30 .0C .00 .00 .00 .00 .10 LU0 .00  JCO 1470 1.00 <CO 1.0€ .00 .00
1210425 5.00 1479.50 126400 .20 .00 .00 +00 «00 .00 <00 +00 .30 .0C 1.9C 1,00 .00 1.00 .0O 00
1224.43 119.00 1598.00 11E.0Q SL0 .00 «03 4.0 1,00  ,0C 5,00 1.00 1.08 .00 +3J .00 L00 1.00 .06 «0f
1223.24  7%.00 1672.CC TR,LD .30 .00 «N0  2.00 .O0C ,00 2.90 }-cu $.00 .00 .06 CH .00 3,60 .DO  .0Q
1222.50 138.00 181L.C0 1315.70 «J2 <00 .00 . 1,00 .00 .00 1.00 1400 1.00 GO <D0 .00 .00 1.00 .0D .00
1201.12 133.00 193,00 112,70 »d0 .00 00  8.00 08 .OC B8.00 1,00 1.00 400 .90 00 .rtO 1.0O0 JH0 .80
1219.79 116.00 2C59.0C 103,00 .J0 .00 .00 17.00 .00 .00 ir.uo 100 1.00 .00 +fi0 08 [0 1.00 .00 .00
1218.63 140,00 219%.0p y18 .00 <3 .00 +0d  2.00 .00 .00 2.00 1.L0 1.30 .00 «00 .00 .00 1.00 .00 .00
1217.23 1306.00 232%.G0 112.CO .20 .00 «00 T.C0 1.00 .00 ’}.ab 1.06 1.00 00 00 .00 .30 1.007 .00 ~ 00
1215.93 39,00 2368.00 69.C0 230 .00 «CO0 51.G0 .00 .Of 51.00 1.00 1400 00 .0C <00 400 1.0C .00 .60

121S.5%  94.D0 282,00 117,00 1,0G .00 0D 1.00 1.60 .30 3,00 .00 .00 .00 1.00 1.00 .00 1.006 OO0 0D

1210,60 84,00 2588.G0 116.C0 «00 .00 .00 8,00 .00 J@& «0¢ .00 (60 3.00 1.00° o000 1.00 SO0 LU0 T
1213.76 104.00 265U.00 119.C0 -J0 .00 -00 -00 1.00 .00 ‘.00 .00 .88 1,00 1.88 .00 1,00 .00 ° .OE
1212.72  96.00 zTag+CO 120.00 .00 .00 »00 +00  +00 .00 «00 <00 .00 08 1.00 3.08 .80 1.00 .00 .00
1211.76¢ 64,30 2810,00 77,00 3,03 .00 .ao0 .00 .00 .00 #3.00 .00 7500 .00 1.0€ 3

121112 7T2.00 2888.00 11£400 1,46 .00 .00 »00 1.00 .00 2.00 .00 .00 .00 1.0C 1.00 .OO 1.80 ,00 .0OO
1210.3% 15.00 2903.00 1i0.r0 «50 <00 .00 .00 LoD .08 «J0 .00 .00 .00 1.00 1.00 .00 1.00 .00 .00
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EAY AREA RAPIU YRANSIT DISTRICY

CONTRACT NUM3ER 1SDG1)

IR TUNNEL

SAN FRANCTISCOD,

STATION
AT STARTY
CF »LEK

TUNNEL
RAYE
FTsuK

PROGRESS AND PRODUCTION

26206452
4B3133,.9%
QBUBL +R5
GBLLUB .79
“BB53 .57
NE9B3 (N8
4317575
AGULZ.9T
aseN0.12
AFTND .55

AS9BL2 .23

Lr.43
187,30
167,34
20%.78
12%.8%9
192.22
227.27
237415
10%.83

52.28

34,99

BLY FOR SOIL YYPL3
1~ SILT anp cLaY
Y AND SAKD

IT ~ CLA

1I1 ~ SAND aND GRAVIL
Iv - COBBLLS ANC BOULDERS

FAY AREA RAPIC TRARSIT QISTRYICT

CUNTRACT NUMIER 15G6G1Y
1L TUNNEL
SAN FRANCISCO,

SYaTLON
AT STARTY
CF aELK

TUMNEL
RATE
Flrux

g6y .02
&ETID,.03
NE4ZLL36
4ES9Y .63
A6 T3 .05
88513,1
NP113.1%
R€240+55
A9567 .92
49 71T.87

N9802 .80

h4.76

vZ.58
172.27
159,82
15588
197.37
22738
227.37
16%.95

64,93

I%.00

Appendix A-2. (Continued) -
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CALTFORK A
DOWNMOURS = HOURS/MLEK FELATIVE FREOUCNEY OF SCIL YTPE DLRING
BY CAUSE YHE WEER
CusuL . PROC TDTAL
FEET T0 WRS IN SHIELD EXCAY CUNVEYDR MUCK MTSC AGMIN  GOMN 1 11 1r oy ¥V V1 VI1 ¥IIT RUNKING
CATE SLER EQUIP TRANS HDUR'S WATCRS
al.83 8Y.c8 33 .00 .GQ 2£0 AUD .00 1400 L5 1400 +00 433 »~00 00 +5C .50 .50
194.73 116.88 .00 .00 60 1,75 1.8% .00  3.58 LUC 1.00 GO .00 U0 .CO 1.00 .00 .00
362.07 112.36  1.15 1.25 .50 «50  +00  +OC 348G 00 1.0C 400 +0C CO .00 1.00 .00 .13
SB6.8% 115.59  1.%2 1450 67 £00 .25  L00  3.74  .CH 1,00 00 .00 GO .00 .9C .00 .29
696.78 99,38 8,93 5.5E .25 «42 3,38 0D 16.56 .00 1.00 B0 L0 .00 .00 .00 100 33
£8Be96 ¥9¢27  5.59 @.67  1.82 .25 .50 .00 15.43 .00 1.00 JUC .30 .00 .OD .¥0 .60  ,OO
1136.23 102.26 .50 2,29  1.25 B.87 .00 .00 12.92 LCC 1.00 .00 .00 .Gf CD 1.00 .OO 0@
£353.38 1LE.83 «20 B.39. 75 2462 183 LUC  J0.15 .CO 1.00 LCO .00 ,00 .00 1,00 .08 .0Q
1863.21 118466 .J0  .OC .20 .00 <00  .OD «00 .00 1.80 .00 00 GC .00 L85 <55 .10
E515+85 97.62  T.41 3.7 »00 .00 w.67 400 8,28 L0060 §.ob .00 LG0T .00 .00 .06 V.06T TG0
1550.38 152495  1.17 .00 .00 200 D0 £30 1417 .00 1.30 +00 400 +00 «00 <00 1+00  +00
KLY T0 VALUES FOR RUWHING wATER
v - CLWENTEQ GROUND . .
VI - PCAYV AND TRASH LTS = RUNMING WAVER
VII - COMESIVE GROUND 1 & FLOODLD
VIII -~ RUNNING GHOMNO
PRDGRLSS AND PRODUCTION
CALIFCEN]A
TOWNHGURS ~ HOURS/WEEK RELATIVE FRCQUEWCY OF ScIL TYPE OWRING
BY cCAUSE . THE WELK
CUMUL. PROC ) ToTAL
FLET TQ WR5 IN LHICLD CACAV CONVCYOR MUCK MISC ADHIN  LOWN T 11 111 1v VN1 VII VILE RUNNING
LATE WEEK £oulpP TRANS HOURS WATER®
Yu.76 9TV.E5 «6d .8 .0 l.%0 3,00 .00 w,40 CC 1.00 .00 .02 .u0 .00 LOO L8O 4O
137,38 112.67  4.67  .CO .eo 260 2.16  oDO 6«A3 .00 1.00 00 420 3% .00 <60 .80 .00
109.61 118.59 L0 .00 N0 1.51 <38 .0D (.91 .00 3.00 «OC 400 L35 00 1,00 ,L00 .00
869.8% 51.C0 «J6 «SE «50 .00 DG .OC 1.00 .OC 1,00 .00 .30 «30 .00 1.00 .00 .00
629,31 93.%8  1.2% LU0 +50 200 08 400  1.T5 <00 1.00. .00 .00 oGO0 oF8 .90 10 .10
£26.68 111470 «3B 2425 3.A2 283 .00 .00  5.88 <00 1.00 .00 .00 +00 R0 %0 <02 ,O8
IC5M,.08 1UZ.59 2447 .56 N33 T.6h «J0 .00 18.9]1 .00 1.80 .00 .90 .00 .00 1.00 .00 .00
1283441 105.10  3.16 5,83 2,06 2,27 .38 .00 §3.8C .00 1.0C .00 .20 .00 .0 L80 .30 .¥0
1953.36 92.7a 5455 Z«5C 225 13467 2.09 400 6.06 ,L00 1.00 <D0 +00 <00 «CO0 «&C <13 .50
1516.29 116.50 W30 .00 .00 .00 .08 00 1,00 G0 i.ov Jow .00 .00 L,Dd .00 1,00 <15
1551.29  T5.66 L0 .00 .80 «00 2,92 .00 2.92 .Q0 1.00 .00 400 00 <00 .00 I.00 .00



PODCRESS AND PRODUCTION
LAY ARFA RAPID TRANSIT L1S5TRICY
CONTRACT MUMMER 3157211
SK TUKKEL
fAK FRANCISCO, CALIFORtIfa

GCWNHQURE ~ WDURS/NLTX FELATIVE FRIQUENCY OF 5CIL TYPL DURING
TY CAUSEL THE wELK

STATION  TUNNEL  CUMCL. PRGN T voraL
#7 START RATE FECY TC MRS IN SHICLO SXCAV CGNVEYNR MULK KISC ACMIN  JOwn 1 i1 T11 1y v VI WIL VIl PUKNING
(F WEEK  FT/uk Latr wCEK cLurIp TRANS | HOURS wsI[R*
LETBL DL 42450 MILBZT  A5.%2 .23 .60 <03 Z0.00  1.5n W00 23483 .00 1400 WCT .00 .50 W00 1,00 .00 «20
YEXZELET 122460 165,10 117,08 00 .00 .co 3.17 2491 «OF 6433 400 140G CO .30 50 00 10 .20 31
WEWS1.MT BT.53  F12.bY su.24 PEEIN ] .ra .59 +6T .0 1.%9 .08 1.00 .00 .EG W50 U0 1.00 LCO s
BEA9Y.OC 112,40 I25.03 9¢.E3 SUT L Ze8T «50 B33 .57 W09 3017 LE0 5.0C LBP .30 W50 WF0 70 .20 €O
NEGIL.MC JHMLRB  WBY.93 113,09 W15 .or 50 B.AT .CC 4ON 5.67 G0 1.0C .80 .70 .60 .60 .70 .13 .CD
YETTE.28 Y5N.BN  458.7% 1UR.F} 1.75  4.50 <0 1.9 1.89 SO 9427 L00 1.00 (00 .03 .40 Lr0 .30 LTC 0D
YESLI.12 184,57  BIY.3D I1LO.E3  Tu5t  S.50 20 S.92 oan «0C 18,10 .00 1.00 LOR .00 W56 400 450 70 .00
S1TL.6Y 192.29 10TH.61  91.03 1.2} .00 -0 Zb.3b Lan «DPF ZB.B9 L$O0 $.90  L0T WG .48 LPO $.00 LCO .00
49317,98 204,73 1236,3% 117.00 42 WGU « 10 .00 .00 Jar W42 .00 1,00 .00 00 <% GC .95 .00 .0o
«5522,71 17981 1415.7%  95.82 20 .DD « 10 .co.ar +3D «0C .02 3.60 .00 .00 .50 .00 [.00 ,OO .00
USTOZ .17 137.19 1552.94  2y4.C8 BT, BN o+ .00 W25 12425 «J0  1Z.5D0 LDO 31400 LD .00 .60 N0 3.00 .00 «20
PEY FOR SRIL TYPLS 4REY TO VALUES FOR RUNNING wATE&

1 = SILT AND Cypay ¥ ~ CEMENTLD GROUND

IT ~ CLAY AND SAKO ¥I - PEAT AND TRASH W75 = RUNNING WATTR
II1l - SAND AND GRAVEL VII - COHLSIVE GRQUND 1 = FLDODED

Iv - LOBBLES AND BGULDERS VIIT ~ PUNNING GRODUND

PROGRESS ANL PRODUCTION
PAY AREA RAPIL THNSIT GISTRICY
CCNTRACT NURZER 150011
SLOTUNMLL
fAN FRANCEISEC, CALIFORNIA

DOWNHOURS ~ HOUKS/MECK RELATIVE FREQUENCY CF 5CIL TYPE DULRING
BY CAUSE THE WEER

STATION TUNVEL CUWUL. PFGL TOTAL
T START RATE FECT TC MRS 1H SHICLO EXCAY CONVEYOR MUCK MISC AUMIN  LOWN 1 1 111 1v v ¥l W1l WIIY PUMNING
CF »CEK FTsam  [itr “EEK EGUIP TRANS HOURS WATER®
WEITILNG  25.93 29.97 109.33 3 eCO .00 [ I T B 1 200 00 1.00 L0 00 00 +CO 3,00 .00 .00
REIN6.9B  19.65 109.51 116,16 3T .00 «0g 0@ .00 .9€ 230 .00 L[<CC L€ <70 .00 «J0 .00 1.CO0  «CO
ublE6 .64 99.92 ZE9.HS 112,17 <40 l.mT 50 1450 1.2% 2.50  6.7TS  LuD 1.00 .O0C L0G- 00 .00 .00 1.00 .50
46WL6 .58 137.59 326,97 112.42 .30 .OD .75 200 .50 2,25 3,50 LOD 3490 .00 30 .00 ,00 .OC 1.00 .50
AE508.66 55«98 3EH.FX 5T ,87 «390 <00 2.50 «00 5.50 00 &.0C .00 1.00 .00 ,CO JCLO .00 .Q@ 1.00 <D0
AEEL6% 0N 178.%C 525.83 10R.50 1.2% «50 6739 «Co »2% »0C 8,75 .10 ).00 .00 «00 .00 GO .00 3.0C .00
46802.9% 113,80 835,22 81,.1T 1,58 n.sﬁ 1.13 .D0 .00 00  9.41 0D 3.08 ,00 .00 .40 G0 1,00 +0D  «NOD
w8516.30 157.48 796.77 1035.58 25D .SC 2,00  Z.00 7S .GO  S.T5 .00 3.0€ .00 DO <00 .60 1,00 L00 .25
ay073,85 54,89 8%1.61 88.53 «10 .00 20D .00 .00 .00  &,00 L00 §{.00 .00 .00 1.00
AF128.72 129.64 981,25 $2.08  2.10 19.83  2.1% .00 1.33 .00 Z85.a2 Lug 1.00 .00 T .00 .00
a5258,36 138,84 1116.0C% 9B.42 v33 21.7S +00 LD +00 .00 22.08 .00 $.00 .00 .DO 00 CO 0O 1,00 »00
w$393.20 179465 1255.70 112.09  4.16  2.2% +00 L.CO .00 .00 6,81 .00 .00 .00 .00 LGO .00 1.00 .00 .00
89572,85 1b<.12 1857.80 B3O 9483 +50 150 16.56 »50 .00 28.39% .00 1.0D0 L0C .00 .00 €0 3.80 .00 .00
a9138.97 307,33 1565.1% Tuw.83 «J0 <00 150 .00 3.83 .00 S.33 L0 §.00 .00 .00 .00 «00 1.00 .00 .00

Appendix A-2. (Continued)

A-29



PROGRESS AND PROCUCTION
EAY ARCA RAPIU TRANSET
CENIRACT NUMSER JSLGT3A
IR TUWNEL ~ MARMET STRE(?
t4N FHANCISCO, CALIFPRN]A

OQuUNHOWR S - HOURS/WLEN FELATIVL FPLQULNCY OF SOIL TYPE DURING
BY CAUSE THC WEER

STATION TUNNEL fumuL. PRCOL TOTAL

#T START RATE FLET 1C MKS IN LHILLD EAEAV CONVIYDR MUCK MISC AUMIN  DOWN » 11 1y Iv v ¥1 V1] VIII RUNNING
CF WLEK FT/aK LATE w[ELE¥ EGUIP TRANS HOURS WATER®
LIYS2.18 22.5 27898 BHE (W «ul «00 «ND #L0 .00 «Ug <G ,00 1.00 .0C +DO .30 LCD .30 .38 «30
£31332,.08 &67.52 PueFE 110408 1s25 «Co «DO 325 3ebD «30 7.9C 00 1.00 ,00 3C .30 LFD .50 .&0 10
$1262,08 22,50 1YT.46 57.3k Tewl .00 .COo «00  Z.SN +«00  10.33 .CO 1,70 .DO 0D .OD .00 .20 ,20 15
€1219.58  52.78  196.29 Tw.e7? 2430 -GO 20 «33 «00 «an 2432 L0 1.00 .CO .20 1.00 .00 1.00 .00 30
T1166 +8L 87,22 F77.R¢€ 10b.L9 LY .00 -TO 3.50 .08 #1313 ?+15 .09 1.00 .GO ,OG .OD .OD .30 .40 32

51079.58 1n7.50 38%.96 ICO.&N B.99 +00 1.87 2,95 2.2 1.2% 17.28 .uD 1420 <00 L33 %30 .00 .50 .10 3%

50972.C8  92.50 477,85 TB,.Z% »83 .00 +00 183 2.5 .00  Se8} L0 1.08 .00 06 .50 0O 1.00 +00 .20
5C879.58  97.50 S68.96 TZ.is ¥z CC 208 2417 425 LU0 7.3% LU0 1.00 .08 .30 1.00 LCO 1,60 LO0 .00
SUTv2,08 122,50 oBT.46 JuS.52 #8086 1.33 2425 5.58 L00  9.1& .UM 1.0D .00 .00 30 .00 7O .00 .20
SC669.58 22.50 109.95 37,75 «J0 «01 « DO «C0 11475 00 11.7% LU0 1.00 .00 W00 L850 WG WLFE LOC TLID T T 7T T
®EY FOK SOIL TYPES SKEY TG VALUES FDR RUNNING wATER
I - SILY aNg ELAY ¥ ~ CLFLNTED GROUND : i
I - CLAY AND SaM® ¥I ~ PEAY AND TRASH G = DRY +75 T RUNNING WATER
TI1 - SAND AND GRAVEL W11 - COMESIVE GROUND «25 = MOIST 1 = FLOODED
1v ~ COBBLLS AND BOULODCRS V11T - RUMNING GCROUND «50 = WET

FROGRESS ARD PROPUCTION
{AY AREA RAPID TRAWS!T DISTRICY
fCNTRACT NUMBER 1500514
fL TUNKEL ~ WARKELT STRECLY
LEN FRANCISCO, CALIFONNIA

PDWNHOURS - HDUKS/WEFK RELATIVE FPEQUENCY OF SCIL YYPE OURING
Py CAUSE THE WEEK

fTaTloN  TUKKZL CumuL. PFROL TOTAL

#T START RATL FEFT TC nRS TN SHICLD CXCAV CONYEYOR MUTK  MISC ADMIN  FOWN 1 I1 IIr IV ¥ ¥!  VII VIII RUKNING
CF wELX  FT7un LATE wEEK LUUlIP TRANS HOURS wATLRe
f1382,C0 92402 85,C0 112438 t.00 «00 0D 2.17 1.00 »00 §,!7 .CO 1.CO0 .00 .OU .50 .rgo .80 .10 40
£1269.5E 47,50 I52.5C 98.C8 1+15 «00 «0D 18.38 25 +0C 17.78 .00 1.00 GO0 «30 .30 +C0 .70 .20 75
f1222.08 &7.50 zzc.ﬁc 96 .04 3.1 <o .00 T.25% 3.09 .00 17.18 ,00 1.0 .OC .ND .30 .00 .90 .10 »25
T1154.58 60,00 280.00 7.3 j.us «00 »00 2450 +00 »CD 3,58 LU0 1.00 LCC .06 .20 PD 1.00 .0O «20
€109 .56 7TC.00  350.00 79.%0 1.00 - 00 -Nne 108 «00 »0r Z.0F «GD $.NDC .00 LUOQ DS D0 1.00 .00 »15
T1028,28 10T.20 657.2C 10&.01 3.a0 =00 -CO0 3.25 3.92 +00 1«17 <00 1.00 00 .00 460 .CO0 %0 .00 31
TC917.08 107,50 568,70 1if.10 2.32 -00 -00 2.25 17% =00 6.3 .CO 1.00 .00 .00 .00 .00 1.00 .00 «00
TCLB09.58 125.00 689.70 103,49 3,58 »0D ] a.Be .22 #0C Jl.68 G0 1.00 <00 .DOD .50 GO 1.00 .OO +00

TLBENLS5E NC.DD  T29.70 49.86 G0 0D <00 «15 64286 .00 7.01 .00 1.00 OO .00 .50 0D 1.00 .00 «C0
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PROGRESS AND PROGUCTION
LFPER SalLT CRLER 8}
CONTRALT MUMRER bLE-4DR-2%
CHICHGO, XLLINOTIS

COMNHQURS -~ HOURS/WLOCHM FELATIVE FPEQUENCY OF ScIt T¥PE DURING
BY CAUSE THT WEEK

STATION  TUNNEL (UmUL . PRCT foraL
AT STARY RaAT[ FLET YO WS InN LHIELD EACAV CONVETOR AUCK wWISC ALMIN  LGKN I 13} II71  1¥ v ¥1 ¥II vIll RUNNING
i Ftiam LATE EwUIP TRANS MATER®

WIZ.OD  24.00 24.00 25.50 .00 .00 8.CO LU0 00 .00 8.70 1.G0 .20 «0C =33 .00 L0O .00 1.0G 1.CO
856400 14,00 Y¥B.LD 16.00 LuB 00 ‘8,66 LLO 24,00  .4C 28,00 1,00 ,0% €O 90 %0 0O .00 1.0C 1.00
873,00 92.U5  33L.LT 484,70 30 6,00 .00 460 .00 DD 6450 $.u0 .00 .00 .2@ L8 WOD .00 7% 1.00
562400 BLWUC  £1U.00 25.LL W30 NLLG .oo .00 20.U00 .00 24.00 1.00 00 .00 1.9C LOC .08 3.00 .00 00
§42.00  4.00  213.GC  3.00 230 5.50 .00 .00 .DO  LUC 5400 1400 3C 00 1eQu .OC oC0 1.00 00 GO
645,00 26,00 282,00 14.00 WJC 3Z.00 %00 «GG .00 .0C 36.020 1.00 .00 .00 1.00 .00 .o -00 1,00  «00
679.00 22.00 265.00 18.C0 .30 4,00 .co .00 .u0 .90 %.C0 1.U0 G0 .00 .n0 .00 .70 1.C0 NG .08
£57.CC 19,00 2B4.GC 1C.GO W53 .00 .00 «CD  H.00 .00  B.00 1.CO ,00 ,LOD .30 .00 GO }.00 .00 .00
714.0C Tu.0O0 358.060 30.GO LU0 %.00 16,00 .00 .uD .00 20.00 1.,C0 430 .00 L4l 0D PO $.00 QG .00
T68.0C  58.30  4:p.0C  LE.TD .50 6.C0 15.00 WEQ .00 LD0 Z1.00 1.00 .30 <00 1.2G «G0 00 1.00 .00 .00
B40.CO 180,00 550.80 40.CO0 L0 .00 8.00 200 .00 .30  8.00 1.00 <3G .00 1.3G G0 .CO 1,00 .00 .00
1020.00 115.00  106.00 2550 .00 1C.00  10.5Q .00 2.50  ,00 23,00 1.00 .DC oCO 1400 .00 .00 L.00 .00 OO
1116.00 172,00 £38.50 ZE.CU .30 13,00 .0c LU0 %.00 00 18.00 L.90 .00 .00 1430 LGO 4CO 1.00 .20 .20
1729.00 255.00 (094,00 38.CC W00 2.00  6.50 .00 3,50 .00 12.00 1.00 .00 .00 2L .00 .00 .80 ,OG .00
1945.00 268,00 1362.00 38.C0 RO N] .00 .00 12.00  ,30 12.00 .90 .1C .00 ,30 LO0 .00 $.00 .OG <00
1753.00 104.00 1466.00 316.50 el 17,60 5.50 «CQ 5.00 .00 27.50 <00 20 .80 1.7C .00 .00 1.00 .06 .00
1E57.0C 4%.00 1£01G.00 1200 W00 W00 6450 .00 .00 23,00 29-50 1.00 .00 1.00 !.OC .00 ,00 +0C .00 .00
19C1,00 2€C.00 1%3C.00 12,00 .00 ,00  4.p0 .00 .00 .00 R,00 1.00 .00 1.00 ,00 LGO .CO .00 1.00 .00
1§21.00 56.00 35R6.00 4j.%0 LU0 2.50 .00  ,00 6.00 T.o0 .00 1.00 .20 .06 Lop .00 JEET 0B
1977,00 #2.00 1668.00 33.C0 «u0  8.00 .00 W00 $.00 .00 $3.00 .G0 .00 }.00 1.00 00 .00 .00 .50 .00
KEY FOF SDIL TYPES »KCY TO VALUES FOR RUNNING sATER
I - SILT AND CLAY ¥ - CEMENTLD 5ROUND
31 - TLAY AND 54WD ¥I - PEAT AND TAA3H b = DRY W7% = RUNNING WATLR
II1 ~ SAND AND GRAVEL VII - COMESIVE GROUND .25 & molst I = FLODOED

1¥ ~ COBBLES ANL BOULDERS ¥IJI ~ RUNNING &RDUND +50 = MWET

PROGHESS AKD PRODLCTION
LPPLR SALY CR(CCa
CONTAACT NUMSCH EE-4m§ =08
ChICAS0, ILLINOIS

TDUNHOURS ~ HDUKS/WELH HELATIVE FREQUONCY OF SCIL TvYPE OURLING
BY CAUSE M THE VEENX

STATION TUNNEL CLUMUL . PROLC YOTAL o )
AT START RATE FEET TC WAS IN SHILLO EXCAV CONVEYDR MUCK MISC ADMIN  DOWN 111 (11 Iv ¥V VI ¥It VIIT RUKNING
F WCEN FTjak  LATE WEER [£1121 TRANS HOURS wk1CHe
2CE9.00 k54.30 1622.0C 3845 20 .00 5.5C »00 6,00 430 11.5C 400 «0C 1.00 1.00 .00 .o .10 .00 .00
22131.0C 18C,00 2002.00 37400 L2 .CO «00 200 3.00 10.0C 13.30 .50 20 <50 .28 .00 .Ch i.0O .00 .0Q
2353.00 T73.0C 2075.00 38.00 1,30 ,0C -co «C0 11.00 2.90 i%.00 B0 00 <20 1.D0 ,LOT .06 .00 453 .00
246,00 164,00 2235.00 41.C0 . LD ~UD 2.c0 »C0 1,00 .0n 7400 .47 W10 460 410 00 .00 .00 .50 007
2630,00 3S.00 227%.L0C 19,00 22,uD 1.Dp .CO «00 00 <00 25.00 «&3 .10 &0 LIC LAO0 LBO .00 .SC .00
2665.0C 64%.00 233B.00 23400 .J0 .00 .oo LGO 2,00 19.00 21N0C 1.00 .98 <00 «00 .00 400 »60 1.00 .CO
i729.90 175.30 2513,30 31,00 6,00 B.0O0 «D0 .00 2.00 00 16400 1.50 «0C .00 .00 .00 .00 .60 1.00 .00
2908 .00 32C+00 2833.00 &45.00 «ul +CD .00 «CGD S.DD =00 5.00 l.ud -00 -8 «90 « L0 «00 LS50 .00 0B
3224 .00 208.0C 3CML.OC  25-€0 .07 &-CO .00 .00 5,00 .00 13.00 1.00 .30 ,00 1.0 .00 400 1,00 .00 0D
3432.,00 306.00 3145.00 35.00 «00 +00 5.00 +00 »00 8400 "11.00 b7 .O0 .20 .04 .0b .00 I.O0 ".O0U" .OO
3742,0C 276.50 36&25.00 37.C0 .00 .00 «GD .00 10.60  .u0 13.&0 «%C 1€ .DC Fs0C .60 .CO .0C 1.00 .00
%016.00 228.00 3853.0C 331.00 «3a .G .00 .00 %.00 10,00 (f$,28 a6 ".ZOD .0 .OC OO . ,00 1.00 (OO0 OO
8248 ,00 376,00 %229.00 45.08 <10 .00 «CO ) «00 .00 290 .90 W00 TNI0 LU0 LB W00 TILOE TBTTT O
N620.0C 216.00 44%95.00 22.0Q L .00 «CO L0 6.00 10.00 36.08 .80 .06 .20 .o0 .60 .00 .30 LSO 00"
#816.00 280-00 8725.00 34.00 .00 .00 Z.00 +00 .00 .00 6.00 «80 .00 .20 .25 .00 .00 OO0 .00 DD
5316.00 152.00 4 §7T7.00 23.%0 «an .0q .00 .00 3.50 11.00 18.50 BU LAD .20 .00 .00 W68 LU0 OB TS T
5268.00 300.00 $177.00 17,GD +J9 .00 10.00 .60 Leod +T0  11.B0 .00 .00 .e0 1.00 OO  .DO
8568.0C 504,00 S%81.00 37.0D U0 .00 2.00 «C0 1.00 1G.00 13.00 .00 00 .00 1.08 .0G .00
5872.L0 40C.00 SEB1,0T QS.CT «0n +DD 00 1.00 W&.U0 .00 ¢ 'S.0§ «00
5272.00 286.00 6187.0C 33.50 .00 .00 .00 «00 4.50 10.00 16.5C 1.00 .00 00 .00 .00 .00 L00 .20 .40
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PROGRESS AND PRODULCTION
LPPER SALT CREEX m)
CCHTRALY NUmMEER Be-aCH=-25
CHICAGC, ILLINOILS

GOWNHOURS ~ MOUMS/WLEK " PELATIVE FPEQUENEY DF SOTL TYPL OURING
BY CAUSE . : THE WEENM
STATION TUNNEL CUMUL. PPOD ToTAL
$1 START RATE FEET TC WRS IN SHIELD EXCAV CONVEYOR WUCK HYSC ADMIN COWN 1 1 111 av Y VI VI1 VIL1 RUNNIAG
CF WLER FT/uK  LATE sLCK EoUIP TRANS HOURS WATER®

$558.00 178.00 6385.0C 31.00 W0 .00 .00 LU0 19.00 .96 19.00 .30 .O0C 1.00 .00 .00 .00 .00 1.00 .60
6716,CC 10UC.00 BWeS,0C 3€.00 .00 .00 .00 «G0 12,00 5.0 20,00 .00 OO0 1.00 30 oGO .00 .00 §.00 <40
LB36.0G 4B.U0 b493.00 25.60 3.0 V.00 .00 «00 13.00 +0C 23400 400 oGO 1.00 .0C .00 .00 .00 1.06 <60
6868 .CL  25.00 6519.UG 17,00 +30 12450 .00 260  7.00 8400 27.00 .00 .00 1.60 «7G ~CO .00 .00 1.00 00
6910.00 6400 6565.00 26.C0 L0 .00 12.00 «LO 8.00 00 320,00 .00 00 1.00 .06 .08 LCO .00 1,00 .00
€956 .00 58.09 6683.00 33.00 «97 .00  3.00 .00 %.00 .00 15.00 .00 LOC 1.00 .00 .00 .00 CO 1.00 .00
7050 .00 162.00 6825.00 36.CO .00 .o0p «0b 200 12.00 400 12400 «00 oGO0 1.00 .00 .00 .00 0D 1400 B0
7216400 296,00 TGLI3.00 %A .CD .40 .00 »G0 «C0 6.00 .00 6,00 <00 CO 1.00 .00 00 .00 1.00 .00 ~ .00
KLY FOR SQIL TYPES SREY TO VALUCS FOR RUNNING MATER
1 - SILT AND CLAY ¥_~ CEMCNIED GROUMND L
I1 - CLAY AND SAMD ¥ - PCAT AND VRAS, D = ORY RUNNING WATER
11T ~ SAND AND GRAVEL VII - COMESIVE GROUND «25 = HO1SY 1 = FLOODED
IV - COBBLES ANO BOULOLRS ¥I1T - RUNNINGE GROUND .S = WET
PROGRESS ANG PRODUCTION

LPPLR SALT CRCEX a2

CCNYRACT NUREER 8b-405-2¢

CHICAGC, ILLIMOIS

DOMMHOURS — HOURS/WEEK ’ RELATIVE FREQUINCY OF SQIL TYPE OURINE
CAUSE R THE WEEK

STATION TUNNCL  CUwuL, PROL TOTAL

AY STARYT RATE FECT TO WAS IN SMIELD CXCAY COMVEYQR MUCK NISC AUMIN  LOWN R ¢ SR £ 5 217 ¥ VI ¥I1 vIII RUNNING

CF WLCn FTz7dx TATE wELK EQUIP FOURS MATER®

75.00 %6.00 %4.00 40.00 U0 .00 .00 L2 .00 .00 «N0 1.00 .00 .00 .00 .00 .00 1,00 .08 LOO
27,00 23.00 69.00 17.CD -3¢ .00 .00 £00 .00 ,90 «00 1.80 .00 +00 A0C .GO .00 1.00 .00 .00
75,60 103.00 172,00 }G.GO .40 .00 8,00 .00 8.00 .00 16.00 1.00 .00 .00 .00 .00 ,L0O 1.00 .00 .00
172,00 Z13.00 3&5.00 ®3.CO «00  5.00 »00 «G0  ,D0  ,00 5,00 1.00 .00 .00 .50 00 00 100 .00 .OO
251400 S7B.00 $83.90 55,L0 el 5,00 «00 +00 .00 .30 8,30 J.GD 400 .00 .2L .0€ .00 1.00 .00 00
969,00 159,30 1122.0C 18,00 «30 8400 .00 «00 18.00 .00 26.70 1.00 .0€ .00 20 <00 ,0U 1.00 .0Q .00
1523.00 549,00 1671,00 &1,00 30 00 «00 =00 26400 .00 6,00 1.00 1,00 1.00 1,00 .0p 00 1.00 +00 50"
16E5,00 215.00 1£89.00 18.00 »30 «00 ~00 »00 9.50 18.50 78,00 1,00 .00 .SQ@ S0 .00 .09 1,00 60 .60
19L3,00 495,00 2Man,0c  36.00 «30 .00 «00 «CQ  4.00 11.00 7,00 1.08 .00 .00 .IC .00 @0 1,00 .00  «i¢
2006400 622.00 J006.00 S1.00 A0 L0C «00 .00 9.00 .00 T9l00 .00 T.00 .10 L3c L0 .06 T.00 00 .68
J0Z9.CO 104.00 310,00 S.GO .00 13,00 «00 »00 408 .00 13.00 400 .50 .00 4«00 .00 00 1.00 .00 OO
3132400 576.00 I168C,00 39,00 Ji0 .00 .00 «lD 5.00 .00 5.00 .00 .50 LO0 LOG oGO .CO 1,00 .00 @0
3710.00 %¥11.00 %091.00 31.00 .00 .00 .00 +00 10,00 7.00 17.00 1.00 .00 00 .30 .00 .00 1.00 .00 0D
8129.00 513,00 4500,00 135.C3 -u0 .00 .00 <00 8,00 .00  £.00 3.00 .00 OO0 .00 00 .00 §.00 .00 <00
4650400 368.00 ¥S72.00 25.C0 00,00 «00 +00 .00 7.00 15.00 1.00 .00 .00 .70 .00 .00 .00 .00 .00
5303.00 3%1.80 $)3.00 24.00 6 .00 .00 €0 10,00 08 "16.00 {.00 .46 .Do .00 vB6 TBo .G@ 80 80
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UPPER SALT CPEEK

3

COMYRACT HUMBER 66-~406-25

CHICAGD, ILLINCI

STATION TUNNEL
AT START RATE
WwEEN FYZuK

9681.00 20.00

4701.00 B4.,00
u785.00 164,00
4549.00 120.00
$059.00 138.00
5207.00 152.00
5359,00 164,00
5523.00 268.00
5791.00 120,00
62.00 107,00
165,00 80,00
249.00 144,00
433.00 200,00
613.00 112,00
725.00 260.00
985.00 324,00
1309.00 252.00
1561.00 300,00
1861.00 280,00

2181.00 378.00

3

CUMUL.
FEET To
DatTE

20.00
104.00
268,00
386.00
526.+00
s18.0C
842,00
1110400
1210.00
1337.00
1417.00
1541.00
1781.00
1893.00
2153.00
24¥1.00
2729.00
3029.00
3309.00

J585.00

KEY FOR SOIL TYPES
1 - SILT AND CLaAY
11 - CLAY ANO SAND
IIY ~ SANO AND GRAVEL
IV ~ COPBLES AND BOULDERS

WUPPER SALY CREEK 83
CONTRACT NURBER £B-406-23
CMICAGD, TLLINGIS

STATION TUNNEL
AT START RATE
wEEK T/uK

2517.00 212.00

2729.00 #00.00
3129,00 288,00
3817.00 181,00
3s58,00 80.00
3838.00 188.00
3006.D0 292.00
«098.00 316,00

418,00 256.00

cunuL,
FEET TQ
DATE

2§97.00
4297.00
»585.00
4¥25.00
4806+00
WeT8.00
5266.00
5582.00

583a8.00

DQWNHOURS

PROGRESS ANO FRUOUCTION

BY CAUSE

~ HOURS/WELX

PROC

MAS IN SHIFLD EXCAV CONYEYOR MUCK

WEEK

10.00
28.00
30.00
23.00
31,00
22.00
3i.00
3&.00
1a.00
13.00
11.00
30.50
2%.00
20.00
29.00
40.00
27.00
3u.50
.00

38.00

PROD

HRS IN SHIELD EXCAY CONVEYOR MUCK
5

28,00

3r.oo
38,50
28,00
15,00
32.00
37.00
38,50

31.00

1,00

1,00

TRANS

L) &34

.00 24,00
«00 3.00
.00 8.0
00 2.00
.00 9.00
.60 1,00
.00 1.00
.00 3.00
.00 2,00
.00 27,00
<00 <00
200 »,00
.00 8.00
.00 2.00
.00 3.00
.00 .00
.00 .00
<00 $.50
.00 .00
.00 .00

CEmMEMTED BRQUND
FEAT AND TRASM
COHESIVE SROUND

.00 &.00
.00 .00
.00 2.00
.00 15.00
.00 .00
.00 .00
.00 .00
.00 .co
.00 .OD
.00  .DD
.00 7.00
.00 .00
.00 .00
.00 .00
+00 .0O
<00 .00
.00 .00
«00 .00
.00 .00
+00 1.00
¥ -
v -
vII ~
¥IIr -

RUNNING GROUND

SOMIR

8.00

RELA

T1vE

FRECUENCY OF SO0IL TYYPE OURING
THE WEEK

31.00
12.00
ie.00
17.00

%.00

1.00

Y.00
1.00
1.00
1.00
1.00

1.00

$.00 1.00

2&.,00
27.00
23,00
5450
a.00
12,00

3,00

1.00
+20
«50
90

3.00

1.00

1.00

1.00

1.00

i.00

1.00

1.00

2.00 1,00

axEY TO VALUES

1]
25
«S0

oRY

= MOIST

= WEY

PROGRESS AND PROOUCTION

DOWNHOURS ~ HQURS/WEEK
BY

CAUSE

Appendix A-2.

MTSC

ADMIN

REL

- 00
Fom

75
3

ATIVE

-00
«0f

»00

»00

00

+00

RUNNING WATER

RUNNING WATER
FLQODEO

vl

¥IT v1I1 RUNNING

00

FREQUENCY OF SO0TL TYPE OURING
THE WEEK

¥ATER®

«00 33.00 1&.00 1,00
«00 «00 3.00 1.00
1.50 «DD 1.50 1.00
«00 16.D0 16,00 1,00
5.00 1¢.00 25,00 .50
8.00 -B80 2,00 1.00
3.00 «00 «00 1.00
3.50 -00 3.50 3.00
5.00 -00 9.00 1.00
(Continued)
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00
-00
«»00
«00
00
»00
+00
«on

«15

V11 ¥yII1 RUNNTNG

.00

1.00

WATERS



PROGRESS AMD PROOUCTION
SASHINGYON RETROPOLITAN ARTE TRANGIT AUTHORTTY
CGHNYRACT NUMZER 317002}
F2a PLNIAGON DUTEOUNT
BASHRINGTON, 54Co

- HQURS/ZWENK SELATIVE FREQUENCY oF $OIL TYPE DURING
DONNKAUP S 9 A

Liation  TUMNEL CUMUL. PPGC
;‘ STAPT RATE FIET ¥O WRT YN SHILILD EXCAV COMYEYDR MUCK  MISC ACDMIN
wEEX  FT/uk VATD (] 444 TRANS

1 11 Iy Iy v vi vII VIII RUNKING
VATER®

1.0 .00 .00 400 .00 1.00 DO »00

TUS0D.%7  BTaUD &7.0C TE.89 e oo <00 <33 S.t0 .00 10,01 1.00

69E1.C7 NELIT 233.19 27,08 50 I1.00 »10 «00  2.52 00 .72 1.00 1.00 <00 .0OG .00 .0D 1.00 .O00 «D0

6927.38 1T4.89 288.028 A@.68 <58 «5E 2.42 1.82 3,57 «25 £.82 .00 1,00 <00 .00 .90 .00 .00 .00 «D0
6T62,89 S1.82 325.50C 23.83 «00 -Je +00 +25 %10 -or 5,35 .00 .OC }.00 1.02 OO .00 .00 1.00 1.00
57§1,07 213,94 553.04 59.83 .50 «TE »00 225 1417 +20 3.67 1.00 .00 1.00 $,38 .00 .00 1.00 .00 «a0
LUSTL1Y 54,57 aDT7.8) 22.38 +3Je +00 .33 1.00 1.5° 2% 3,16 1,00 .OD 1.0C 1.00 .00 .00 1.00 1.00 =00
(ALY &R 2«87 &31C,28 Tel5 =00 scC «25 00 «00 .00 225 1.00 1.00 4«00 30 .00 PO 1.00 1.00 »00
t480.09 91.7a  I02.02 37,15 u.UD .2 110 »00 6.00 .25 11.3% 1.C0 1.r0 1.00 1.0D0 .00 .CO 1.00 .00 =00
£348,.5%5 333,57 B3%.57 T7,.55 3¢50 3.CO +00 »00 18.75 00 16.9% 1.C0  ,00 1.00 1.00 .Ofi .80 t.DO 1.00 -00
(21R498 281,95 1097.52 97.82 + 20 00 00 1.00 ¢.08 5F 10.58 }.00 .00 1.00 3.00 .00 .00 1.00 .00 1.00
£913,03 293.27 1390.T79 95,7 $.33 25 1 .33 e.08 .2° 14,78 1.00 .00 }.00 1.00 .00 .CO 1.0D0 .00 1.00
$659.T6 17,47 18DB.2% 16.52 200 o0 00 «02 .33 2% L58 1.00 .DO 1.00 1.88 .06 ,00 31.00 «00 00

PROSRESS ANO PRODUCTION
MASHING TOM WLCTROPOLLITAN AREA TRANSIT AUTHORITY
TURTWE " ¥ U021

CY NOWSER
Fza PLR1AGON WBOUND
WASHING TOM. D.C.

COMNUDURS ~ WOURS/VEEXR RELAVIVE FREQUENCY OF SOIL VYPE DURIwG
BY CAUSE Yol wEEK
STATIOR TumwEL Cumid.. PROD
AV STYARY RATVE FIELT To wBs In SMIELD ENCAY CONYEYOR NUCHN MISC ADNIN DOuN 1 11 11 v L] vI vl ¥III QUNNING
OF NELR  FV7UK DATE WEEXR Quir TRANS WouR's wAline

Tisl.%0 V50 T.50 2.50 00 «00 ] =00 -0a 200 «00 2,00 1.00 .00 .00 .00 .00 1.00 .00 1.00
T138.40 b.AD 1%.30 e.28 «~00 22 1.00 «0a =00 -00 1e22 1,00 ).00 .00 .00 .DO .00 Ml .00 .DQ «00
12760 20,98 1%.26 3e.1) 22 T 00 =00 «-00 «00 89 1.00 .00 .00 .O0D LQU0 .00 1.00 .DOC » 00
1102.408 102 Ni.b0 8,80 1a60 «00 «00 »00 «00 ~00 1.0 I;M 1.00 .00 .0C .00 .00 ).00 .0C M.DQ

TI00.22 17.21 58.8% 285.%50 11.%0 2.00 2.30 <00 .00 <00 1%.80 1.00 1.00 .00 .00 .gD .DU 12.00 .00 -bQ
T083.01 3%.a8

38 38.20 «00 «00 =00 «00 Z.00 -0 2.80 1.00 1.00 .00 .00 .00 .00 J.00 .00 1.00
TON3.56 61.96 180.30 38.00 00 +-00 «00 «20 ®.50 » 00 8,50 ).08 .00 .00 .00 .00 .00 1.00 .OC 1}.00
SVEY.AD W30 1¥A.ED 1Z.70 -D0 k.9l «00 00 «?0 -08 2,80 1.00 1.00 .00 .00 .00 .00 k.00 .OO .00
9330 AP.L3  248.23 24.00 4.80 <o =00 00 2.20 -00 4.00 1.00 1.00 <00 .00 .00 .00 §.00 .00 1.00
GWPE. 4T~ WI.UT ZWV.ID 3E.60° 1.00 A0 1.00 «30 10 .00 2.40 1.00 1.00 .00 .00 .00 .00 1.00 .00 .00
505260 AT.AN 33800 3B.N2 « 78 2 «00 <00 Ww.¥) «D0 530 1.08 1.00 00 DD .00 OO 1.00 .OC 1.00
D56 1% .08 0510 Tr.08 2.7% 00 1.2% »00 14.00 »25 Z1.09 .00 1.00 .80 00 .00 .00 .00 .00 31.00
EUS8.60 199.5% 4TZ.9  TZ.%2 130 00 50 «53  1.7% .00 4.00 .00 1.00 1.00- .00 D0 .00 .00 .00 1.00
A58, 76 187.03 B3IV.9T T72.05 5.70 1.00 3.00 «00 5.2% «00 18,95 .00 1.00 100 2.00 .00 .00 .09 2.00 ).0U
6X¥01.91 6%.22 9D9.19 ANA.55 00 -00 . '.00 4.75 20 4,95 .00 .00 1.00 1.00 .60 .00 .00 1.00 1.00
8232.71 10A .07 1013.26 &1.77 «-00 «20 1.3% «00 9.30 «00  9.73 1.00 1.00 1.00 1,00 4«00 .00 1.08 1.00 1.0
6120.48 27.17 1080.03 17.50 -00 «00 <00 =00 1.00 00 1.00 1.00 .00 1.80 1.00 00 .00 1.00 1.00 1.00
4101.07  Z.51 10%2.W4 &850 -00 -0 -80 <00 2.00 -00 2450 1.00 .00 1.00 2.GD0 .D0 OO0 1.00 1.00 1.00
STIPE.9% 10S.3T7 1199.5] 4).03 1.80 - 8.00 TT5 19.42 +50 32.87 1.00 .00 1.00 1.80 .00 .00 3.00 J.00 1.00
592,59 170,30 A319.02 @BA.%0 120 1.0 .80 3.05% 2.38 -20 9.60 1,00 1.00 100 108 .00 .00 }.0D 1.00 1.0

REY FOR SO FVPES LY V9 VALWCS FOR RUENINE VATER
- SELY AamD QLAY ¥ -~ CENENILD GROUWND
~ CLAY aM@ Samd W - PEAT AND TRASH 0 = Davy « 75 = RUBNING waATEW
~ SARD AND ORAVEL Vil - COML IV SROUBD »I5 = NORaY 1 = FLOODED
- COBALLS AWD RO BERS VIII -~ nUnalns SEOUND 80 = wEY
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PROGRESS AND PRODULCTTON
WASHING 10 METROPOLIZAN ARES TRANSIT AUTHORTTY
COMTRACT MUMBER 1F0Q2E
F24 PENTAGON 1NBOUND
WASHINGTON, O.C.

DOWNHOURS « HOURS/WELNR QELATIVE FREQUECMCY QF SAlL YYPE OURINE
BY CAUSE THE WEER
STATION TUNNEL CUumUL. PROD
AT STARY RATE FEET TO WRS Inm SHIELD EXCAY COMVEYOR NUCK RISC ADMIN DONN ¥ 11 IIr v v YT VII ViIl RuNmING
OF wEEm Flzun DATE MEEN EQUIP TRANS - WATER®

5632.28 1931.57 1511.14 B9,a0 N.70 2.%0 Z.00 131 -0 «20 11.70 3,00 ).00 1.00 $.00 .CGD .00 1.00 DO «00

PROGRESS AND PROPUCTION
CASWINGTON MOTROPCL IV EN AKEA TRZNSIF AUTHORITY
COGRIRACT num3La 1FROTY
FZA QnANCH KOUTEL LUTT QUAL
“ATHINGTON, Z.Ca

[OWKHQURS ~ MOUAS/FWLEM FELATIVE FRLQUINCY QF SGIL TYPE OURING
EY CAuUSE THE WLER
EYAYION  TURNCL  (UWUL. PROC T0TaL
AT STARY RATL FLET TC WRS IN LHIELS EXCAY CONVEYCR MUCK MmIsC ACMIN  LOwN I i1 111 Iv ¥ ¥1 ¥I1 wIl]l RUKRNING
C¥ [ GATL “ELY EalIFP TRANS +OuRs wATERY

BELG .59 £9.89 69.85 SH.CB el «GO0 .00 S0 1.92 57 2.32 .20 «SC .30 .00 .00 ,0B .20 0D +00
E535.6L 13663 20652 Tr.e7 -0 5.5C 2.83 1.2 9,08 +03  1Es83 10 #»5G  #30 10 L0D .00 .10 .00 »00
€359.37 27432 233.88 33.CB a0 «CC ~42 .17 =33 o5 T2 «UD W76 20 «1a «C0 .0 .00 »00 .00
B371.85% 19.%2 253.T6 lé.tu =10 «CC -C0 «CO .00 .00 « 30 ‘ .10 «780 420 #4900 «GOD wCD  +3G  +DG »00

8151.93 20,8k a5&.67 62.00 1.50 #32 Be25 1.67 3.7%5 «5C 12.0G 00 +8C .20 .30 «00 .00 .00 970 -00

EI4? .09 154,17 61077 wB.b7 R.30 <00 33 s LD 1.53 <00 5.83 =10 «80 <20 «JL ‘ 00 «10 «+10 .00 +00
7994.92 265.54 B7&,31 e7.42 83 .00 1.00 «CD 9.80 75 6458 .00 LE€ .30 .I1C .00 .10 .00 .00 .00
T729.38 178.91 1056.28 66.4T 2,53 .00 15.92 CLE 5,58  .DD 28.03 .20 7T .20 13 DD .C® .0D DO .OO
550,85 311493 1367417 96,00 150 8.1T 2,08 206 4.75 .00 12.50 .00 .60 .30 .30 L0 LD .00 LOC .00
173B+52 ZRC.90 168B.07 B7.58 A £ .ag 4Y  LTE S0 2.m3 L0 WT0 .30 .20 .LO €@ .08 .00 .08
8529 ,B5 269.76 1517,83 62.2% W75 <00 3,50 1.33 L3T L3230 5.75 LU0 LB0 .20 <30 00 &0 .00 <D0 0D
L6509 J2HebEh 27H2.459 L eby au0 i.0C l.08 w08 3.25 25 968 L0 .TC +£0 «1C <00 »00 .00 .00 «00
£330.83 324.53 2867.227 TC.EQ $d0 a7 .no LM2 133 .00 Z.$2 <00 L5C 302G .00 .08 .00 LOC DO
6CDS.90 244,58 2811.6C 75.88 5,33 .50 L0080  2.53 T.50 .5C lbobb .40 .80 10 .10 00 LD0 .80 OB 0D

1

$761.32 52.20 2863.80 92.25 5417 3,58 .00 «%2Z  1.5B 050 11.25 b8 .10 420 .13 +CO L00 .60 .00 .00
STCY.12  79.4D Z9¥B.20 3It.25  S.00 3.0D »00 .50 5.2% .00 13,75 .90 ,50 .10 .00 .00 LOO <90 <00 .00
KEY FQR 5QIL Tyecs *REY TO VALUES FOR RUNKING WATER

1 - SILT AND cLaY V - CEMENTED GROUND

11 - CLAY AND S&ND YT - PEAT ANO TRASH £ = oRY oT5 = RUNNING WATER
11T ~ SaAND AND GRAVEL VII - COMESIVE GROUND +25 = MOIST 1 = FLOODED

1v ~ COBBLES AND BOULDERS vIil - SUNKINGE GRQUND 250 = MEY
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PROGRESS ANC PRODUCTICN
PASHINGTON METRGPOLITAN AREA TRANSIT AUTHORIVY
CCNTRACTY NUMBER 1FGCR3
F2h BAANCH KOQUTE IKBOUND
MASHINGTON, Z.C.

LLWAHOURS ~ HOURS/WELK FELAYIVE FREQUENCY §F Su.. srPE DURING
EY CAUSE THL WELK
STATION TUNNEL (uMUL . PROLC TOTAL
Y STARY RATE FEET TO HRS IN SHILLD SxCaV CONVEYOR MUCK ADMIN  LOWN 1 i1 IL 19 v ¥I VI1 VIIT RUNNING

WATERS

CF wEEK FT/¥K Cail wEL¥ Eaulr IRAN

6613,53 17,3} 317.31 1la,s2 « .0 «Go 1.09 «00  he58 «QC 2.58 ,UJ 1.00 1.C0 }.CC «CC  +GO0 00 LOC «00
BEX94.22 84.73 IDZ.28 7%.91 « 40 .0o 2,17 «GO0  EL82 =00 10,59 .30 1.00 LS50 2L .00 LUD ,20 QO -0
5467,.9% 37,27 139.3F 26.09 RN »00 2.00 .68 2,58 25 B.?1 J5C .60 .30 390 .00 .00 .4&D LOQ PO

642067 1BB.20  32T.55 B5.EJ P.25 +00 4,67 2458 R.2% «25 13400 1400 «5C 80 .50 .U0 .CO0 .70 .00 8o

B232.43 198.61 52Z.16 B6+Z5  6+50 1.8Y .25 $91 2,75 LSM 12,28 B0 A0 #30 .2C .00 .30 .80 .04 .G@
BR2T.82 168,88 HAT.04 55,42 U0 .25 «ra *33 T.5C .00  B.08 .82 420 .40 J¥C L0 JI0 .80 LCO .00
7872.9% 30493 973,97 102.8) +do .ac .50 TS 2.92 30 Te6T .20 .20 .50 5L LLD W10 .F0 20 BB
TSe6.01 287.8% 121,46 59,13 »U0 .00 1.00 #CO0  Te6T  +50 937  .5C  ND .60 <TL LU0 CO W50 LOO  LOQ
1278.52 300415 1581461 97,75 30,00 200 1.67 8.58 oSN 10.7S .30 .60 .80 .BL .00 .00 L3O L3 ,O0Q
6979.37 98.0% 1679.66 64,2 £33 .0t 1.00 275 #.93 1.5C  BelB .20 W80 50 J1C .00 LEO .20 .00 .10
bBED .32 736,32 1915.98 B9.85 <00 3.20 a2 -00  6.D0  1.2% 10«67 80 .70 40 .20 .00 <00 LA0 .a0 .20
L6aR 00 225.58 2119.57 96.92 240 400 1.50  3.CQ 94«08 .00 11+5E .80 .70 .60 .8C LCLO .00 &0 .00 LS50
428,17 252.05 2191.5T 02.59 «ud »00 1.42 2.17  3.92 #00 7 7451 .82 LED W80 .32 LU0 .CD el 00 T SBOC

6174407 169,87 2560.84 BLC.tQ 1.58 .20 1.17 2.00 T.b7 200 12.82 .10 .90 .80 .80 ,00 B0 L10 .60 1.E0

60C5.00 58,74 2595,38 JB.16 .67 .00 N.1.] 200 3.67 .00 8,38 .70 .80 .80 .90 .00 00 .TO .00 .50
5970.26 249.43 2B85.01 115,07  2.18  .gp <Ts «58 1117~ .00 ‘iv.e8 .90 "i¥0 .80 .9C DO .oo .30 °,00 MO U
STID.63 B89.36 2934,87 51.17 BT ST «33 >0 1.25 .25  1.83 1.00 .00 .30 «9C .00 00 1.00 .00 .bO
KLY FOR SOIL VTYPES SMEY YO YALUES FOR KUWNING &ATLCR
1 - SILT AND CLAY ¥ ~ CEMENTED GROUAD .
11 - CLAY aNOQ SAND ¥I -~ PEAT AND TRASH 0 = DRY 75 = AUNNING WATLR
111 - SAND ANC GRAVEL ¥II - COHLSIVE GROUND «25 = MOISY 1 = FLODDED
IV - COBBLES ANG GoULDCRS YI1l - BUNNING BROUND +50 = WEY

PROGRESS ANL PRORUCTION
PASHIAGTGN MZTROPCLITAN ARLCA TR&MSIT LUTHORITY
CLCKYRACT WNUMALR 1f2012
Flé NOATH OQUTBOUNU
PASHINGTOK, 7.C.

DOunHOURS ~ HOURAS/WLLK RELATIVE FRPLOQUCNCY OF SCIL TYPL OURING
By Causl THL WETK
LYATION TUNNEL CUmUL » PROC : .
A1 SYART RATE FEET TO WRAS 1IN SHIELD EXCAY CGNYEYOR MUCK MISC ADMIN COWN I n Iix 1y v VI ¥wII V1I1 RUNNING
WCEX EQUlp TRANS HOURS WATCRw

CF aEEK FT/uk CAYE

1352.00 18.00 1&.00 39.C0 .40 .00 .00 .00 .00 .po <00 o5& 10 80 .00 <CO .CO .50 .00 .00
1334.C0 21.00 39,00 38,90 £30 .00 ZCO0  3.08 3.00 30  6.3b .50 .10 .80 .00 C8 L0 <50 .00 .00
$313.0L 101.00 180,00 74,30 20 ,@0 200 1.C0  +67  «00 1487 50  L10 A0 «3L .00 .00 LSO L00 .00
1212,00 182,30 282.0C 79.43  9.45 .00 .€0 «00 «0D b2 18,57 .30 ,20 .40 .1C .CO L.DD .3C .00 .OD
1C70.00 84.00 366.00 7Tw.30 9.33 60 .00 «G0 8,33 .00 17,66 .40 .30 30 +3C .00 .03 .88 ,20 .20
966,00 52.00 418.00 #1.30 00 .G0 .00 «G0 2.17 .00 2,17 .80 DG «10 LOCL .00 IO LBO .20 .00
934.CL 82.00 500.00 77,80 1.5C .0p +00 «00 .87 W00 8,17 .80 .OC LIC .00 GO £ .80 .15

852,00 105.00 $05.00 95.80 S.25 .00 250 00 2.50 W30 7.TS .70 .00 383 400 D0 <00 .70 .1C  LIO
7647.00 31.00 636,00 88.70 2.42 .00 +00 .C0 9.92 .00 12.3% .70 .z0 .00 0O .00 .10 .70 .10  .0@
116,00 73.00 709.0C 6260 .30 .00 .00 200 3,917 (00 3.9977.76  Jio TL2b LUE W00 .00 JTOC Jf0

683,00 24,00 733.00 4j.00 «d0 .00 ~00 W00 7067 .30 B.1T .80 LCO <860 W0C LG0 .00 .40 .10 0D
69,00 67.00 &00.0C AB.30 T.48 - 00 .00 00 1.87 007 0TE (60 D .30 T.00 LO00 LDOTC LEDTUTETT LDOTT

5862.C0 74,05 &TW.GC &9.10  1.50 .00 .00  5.50 L% (DU 7.¥2 G660 L3 W.0C .00 LOB LG SYT O LU
#78.C0 T6.00 950.0C 45.40 1,47 «0C -0 «00 3.08 7.3¥ U1.858 .50 L20° W30 OO LE0 W00 S0 JIECUOT T

X02.00 2%.00 $75.00 19.00 «30 »00 «00 ~0o 00 .00 #«00 50 .J0 40 .00 .00 .00 .50 .10 +00
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PROGRESS aNU PRODULCTION
WASHIRGION RETHOPLLITAK ARCA TRANSIT AUTHORIYY
CONIRACY NUMELR 13012
Fie NOKTH INCOQUND
WACHIRGTLN, D.C,

POWNHOURS - HMOURS/WLEK FELATIVE FREQUINCY OF SCIL TyPE CURING
BY LAUSL THE WELw

i;’lifzr YSZ:EL rf??U?E szcgn SHTELD EXCaV COM¥LYCR MULK Zg::L H 11 111 1¥ ¥ ¥I VIT ¥III RUNNING
LF VEER FTrdn CATE wlLe ELUIP TR&NS 1OURS wAlLRe
133,00 32.00 32.80  55.00 .ua +T0 oo .00 1.00 .JC $.C00 S0 W00 &0  +312 30 00 50 .N0  1.C0C
1726.00 J43.06 175,00 efa6i +43  +LD R N N Y LJD b2 50 »10 L#D  «3u W00 .00 LSD .00 .50
1183.C00 IDG.50  Z84.00  TT.I0 .0 .00 ,00 .00 3.33 .dD° 1,33 ,5)  ,0C .47 .18 LOG  .0D .80 LGU  1.0O
1074,00  6%.00 353.0C 4%.1d »all oo .00 £00  6.58 L8B3 T8l W3] W20 W12 3L W00 L8C 410 .20 WSU
3005.00 B81.00 434.0C 58,53 6.25 N «00 WG LTS WJC B.00 GO LBG 00 .24 0C 10 .00 10 1.00
52% .00 52.00 UEE.BC 64 .EQ 20 .o .ac JGU 13.2D .40 11.20 00 S0 .60 .33 W00 .CD .00 .13 1.B0
B92.06 55,00 521,00 6).50 1425 .0C .ro 200 3«90 2458 T.73 .00 1,00 .00 .00 .00 00 00 50 +50
B37.00 81,00 692,00 62.30 1.0 .cc .Co 60 2419 .00 3.75 .40 1.00 .00 00 LCO .00 ,08 20 .10
155,00 136.G0  TIBLOG  §2.20 2450 .00 »00 .15 »00 »00 3,25 .CO 1,00 .00 G0 00 00 .0C 1B .00
£20.E0 112.00 850,00 60«70 31.83 .C0 «30 »20 »0G .00 3,80 L00 1,38 .00 .O0u  LE0 .00 .0@ .0G .00
$0B.00 9B.00 S4e.u0  SEL10 30 LLO .20 G0 4.85 L.7S 6,80 .20 (ED .00 3% .00 WGC .20 .10 «00
¥10.0C 27.00 ¥75.00 24.5G Lun .00 .00 -0 .00 3.00 3,06 W20 LOC W20 .30 .00 L0 W20 LMD <60

PROGRESS ANU PRODUCTION
*ASHINGTON MLTROPOLITAN ARCA TRANSIT AUTHDRITY
CONTRACE NUMILR 1FOGIZ
FiF SOUTH OUTBHOUNL
BASHINGTON, T.C.

TOWNMHOURS <« HDURS/WETK RLLATIVL FREQUENCY OF SCIL TYPE DURIANG
EY CAuUsL THL WELCA
TYATION  TUNNEL CURUL.  PREC T T0TAL
LY START RATE FELT TC WRSY JN LWILLD EXCAY COGNVEYDR muCR MISC AGMIN - LOWN i 11 17T 1y v vI VI1 VIIY FUNNING

CF wiEN  FY/ EK CATE | 194 LLUIP TRANS hOURS wAF[R"

3973.06  7-50 1.50 6,60 %2 00 .00 LLO B.00  L5r  9.,82 .00 .08 1.00 .00 .00 .00 .00 LBO .00
3965.5C 15.00 26,50 25,70 Le3? GO -ne «00 13.2% .00 18,82 -,10 .00 .50 «00 <00 .00 .10 400 .00
ION6.5C 16.00  82.50 18,50 -Jo ,tD 0D 1.0 w.U0 .00 S.50 .20 .00 .&0 ,00 .00 L,CO .20 .00  .gD
3922.6C  3b.53 7900 Xi.{0 +i30 »00 .00 .00 Z.00 .on 2.00 .33 .00 .70 DG .O@ .CO .30 .20 w0
IB9Y .00 $6.00  335.0C 51,50 B.50  .OQ «90  3.00 3.00 .00 12.5C .60 .00 %0 .00 .00 LEO .50 .00 .00
€800 6L.00 195.DE 57.40 1Z2.39  LCC -0c .03 71,80  .uD 20.4C .6J OO .80 .00 .04 .60 50 .08 .00
3774.C0 82.60 Z277.0C 61.%D T30 «00 +00  2.00 71,10 00 16410 B0 .90 .20 .00 .50 .CO .E0 .00 0077
3696.00 76.00 353.00 78.60 19.6G o33 .00 \09 .00 .00 29.93 .70 .00 <30 .00 .00 .00 @ .00 .20
162D.00 68,00 %i9.00 59,70 «33 .00 .00 «DG 11.50  .0N 11.83 .60 .00 JAO0 +0C .00 GO .60 .00 .00
3558.00 11,50 #3050 10.00  6.,20 .00 .00 .00 2.30 .00 @.30 .60 L80 .0 .p6 .08 L00 .ED .OU W00 T
ILEZLSC 16.50 w8S,.80 25.70 .UD 3,00 .00 00 .00 00 3.00 L5350 .00 S0 LOG 00 +00 «50 .00 .00
3Ti9.00 61.00 510.0C 62.10 NY Y .20 +58 1.50 .00  T.40 .60 .00 .38 .10 LCO DO .&0 <00 .00
3963,00 5%.00 575.00 44,70 7483 .00 .00 .CO0  1.00 "8.83 Uo7 .00 V20 .i0 .06 <00 7 .70 Le0 =
I394.00 17.00 9$96.00 16.t0 6,50 .00 1+ =00 .90 .bo T.a0 L¥0 00 LID LTD .00 LPO0 70 oBD D0
1377.00 35.50 631.5C 53.70  5.25 .00 .00  3.SE .00 .00  @.83 .70 .00 30 .00 00 .00 L7060 L00 @ .DO
3381 ,50 72,50 708.0C 65,50 1.25 $1.00 .00 «00  T7.7§ .00 28,00 T.s07,HO LYo .00 L1T VOD T L&D OB TTLED 7T
1269.00 106.50 804.50 77.70 oo 1,00 <0G <00 8.3 .00 9.8} .60 .00 ,308 .08 .0 .00 .60 .00 1.0D
3168,50 53.50 B858.00 52.00 400 2.50 <00 Ju.%0 1.00 .00 18,00 .60 .00 .20 .00 .20 .00 .40 .00 1.00
3115.00 103.50 559.50 68,50  6.3) 2.5¢ .00 7-18 3.00 .00 19.61 .70 .20 .0 o0 .10 .0DH OYQ W00 TLED
3013.50 125.50 1085.00 126.80 240 .00 «08 3,33 T.83 .00 Il.lé .50 .30 +E0 410 .00 .00 .50 .00 .00

LY FOR 50Tt TYeCs KLY TO ¥ALULS FOR RUNNING wATEN
T - SILT AND CLAY ¥ - CEMINTED GROUND T

11 ~ CLAY AND SanD VI - PEAT AwD TRASH o = oRr T8 = RUNRING WATER

II1 ~ SaND ANO GRAVLL VII - COWESIVE GROUND »25 = moIsT 1 = FLOODED

IV - CUBBLES AND BOULDIRS ¥I1I - RUNNING GROUND .50 = WET
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PROGRESS AND PRODLCTION
VASHIWGTON HETRGPCLITAN ARLA TRANSIT AUTHORITY
CONTRACT NURBLR 1FO03Z
F1E SOUTH OUTBAUNC
»ASRINGTON, D,C.

COWNHOURS - WOURS/WELMA ’ FELATIVEL FeEQUENEY OF SOIL TYPE DURING
BY CAUSL THE WECK

LTATION  TumAEL CUMUL . PRDL
AT START RATE FLLT TO MRS IN _HIELD E[XCAV CONVEYCR MUCK HTSC ADNIN  GOWN 1 11 T 1

) v v ¥I. ¥11 RUN
CF WLEM  FT/un CATE ECUIP TRANS KOURS v :l:é:ﬁ

2040 .D0 12%.,00 21209.0( &8.1D 3.u0  B.50 «00 1.7 1.00 «00 16475 50 W30 .10 10 4OD «C0 5D .DO «CO

2768 ,00 97,00 1306430 bb.50  2.U) 2.00 400 2,50 3.00 400 9450 S50 SIL .20 o053 .00 .80 .50 .0 1.00
2667.00 96.00 14D4.CD bB.70 14,50 .CO .00 +50 2433 .00 17433 <53 410 .30 .13 .00 .00 .50 .00 100
$570,00 125.50 1529.5C 83.40 S.42 1.00 «00 «00  5.87 .00 12.09 50 .10 .30 410 <00 .00 S0 .00 1.00
R94% 50 125250 1459.0C0 Bw,79 Lull 2,28 .00 +L0 6460 .00 10,85 .00 .20 L20 .20 GO .00 80 .00 .50

WLY FOR SOIL TYPES eREY TO VALULS FOR W

UNNING wATER
: - ::k' AND CLAY ¥ -~ CEMONTED §ROUND
11 - Y AND SAND VI - PEAT AND TRASH ‘o Fowy” 75 : RUMMNING WATEG
TI1l -~ SAND ANO GRAVCL VII - COMESIVE SROUND +25 = MOJISY "y = ruLoopED
Iv - COBBLES ANO BOULDERS VIIT - RUNNING GROUND +50 T WET
PROGRESS NG PRODUCTIEN
LASHINGTON MEYROPCLITAN AREA TRANSIT AUTHORITY
CONTRACT NUMEER 17CO12
F16 SOUIN INEOUND
WASHINGTON, D.C.
DOUNHOURS - WOURS/WCEK KELATIVE FREQUENCY OF SGIL TYPE DURING
€Y CAUSE THE &

STATION TUNNEL CUMUL. PROI TOTAL
21 START RATE FLECT TO WRS IN SHIELD EXCAV CONVEYDR WUCH MISC ALMIN  LOWN 1 I1 111 v ¥ ¥1 VIT vILI RUNNING

Eer 1 TER™

FTruk Lavc

3971.6C 72.00 T2.00 N.0C W0 .00 .00 W00 7.5C .00 7.50 50 .10 20 #2C €8 [ .50 .20 .00
3899.00 57.00 139.00 73,50 .20 .00 LDD 18,82 5.73  LOP 28.15 .50 .00 430 +20 .00 <00 .5C AL .00
3832.00 1313.80 252.00 62,60 w400 .00 W00 5,50 .0 $.56 70 .20 «20 «1G 00 .00 .70 .80 .00
3749.00 186,00 396.0U Th.10 vsa .00 .co w00 8.00 1,33 9,91 .T0 .10 +20 .0C 00 .0Q .70 «§0 .06
3573.00 17G.00 568.C0 85,60 WL .cCC .00 W00 3.92 .00 1.92 63 .00 .20 ,OC .00 .00 .80 .00  .0O
3803.00 93.00 661.D0 54.80 V50 o285 .58 W00 1,33 LOC  2.08 .70 3G 00 .00 .00 <00 70 .00 1,00
3310.00 141.00 802,00 B3.C0 W30 5D W00 1450 3.00 00 $,00 .60 30 .00 .00 410 <00 <&0 .00 .00
3169.0D 162.00 968.00 89.20 2.83  .S0 +00 400 1.60 00  Ke33 .50 A0 .10 +00 .00 .00 .60 .00 1.m0
3007,00 150,00 1114.00 97,00 ST 1.} .00 L00 2,00 .00 2,00 LT0 ,20 .10 <0G .00 .00 .70 0D .50
2857.00 133,00 $1287.00 91.00 1,00 DO .00 Jo0 .00 .60 1.00 4507 .30 .10 G060 L6 JBO LR0LAATTLYD

272%,00 129.00 1376.D0 B0.30  1.50  .2% +DD  3.30 .B3 .00  3.68 .50 .20 <30 «2C <00 00 «8C <00 .50
7595.00 109,00 1%85.00 73,80  6.35 .00 +0D 2,00 .75 S.D0 18.08 50 .10 L3¢ 410 .00 .00 .50 .00 .40
2486.00 97.00 1532.00 70.30  3.17 .00 .00 5,00 3,50 .00 11.67 .50 (20 .20 <IC .00 .00 .50 .00 .50

2389,00 72.00 1854,0C &2.3D 1.17 »00 »00 2.00 1.00 «00 317 W50 20 .20 L1C 400 400 .5D DO «hD

Appendix A-2, (Continued)
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PROGRESS AND PROOUCTION
WASHINGTON METROPOLITAN AREA TRANSIT AUTMORIYY

CONTRACT NUMBER 1200091
0-% SOUTH INROUND

WASHINGTON; D«Ca

OOWNKDURS ~ HOURS/WEEK RELATIVE FREQUENCY OF SOIL TYPE DURING
BY EE€X
STATION TUNNEL CUMUL. PROD TaVAL
AT SYART RATE FEET TD HRS TN SHIELD EXCAY CONVEYOR MUCW MISC ADMIN DOWN 1 11 1T v v ¥l ¥II VIII RUNNING
OF MWEER T s TER®

22358.00 28.0C 28,00 94,75 .00 «DD «00 l.00 »00 25 1.25 1.DD .DO .00 .PO .00 ,0D 1.00 .0QO - 00

22180,00 84,80 112,90 105.00 L00  ®.00 .00 .00 8.00 .00 12.00 1.00 ,00 .00 »00 .00 .00 1.00 .00 ,0@
22079.00 1D5.00 217.90 131.33 £00 4,37 .00  2.0¢ 2.00 .00 B.1T .80 DO .00 .00 .20 .00 .80 .00 .04
21974.00 #3,00 300,90 106.00  1.00 %.D0 .00 11.00 8.00 .00 284.00 .90 .00 .00 .00 .1D .00 .98 .00 DO
21891.,00 78,00 174,90 ¢1.00 .00 .00 L00 14.008 L,00 .08 14,00 1.38 DD .OD .00 DO .80 1,00 .30 43O
Z1813.00 123.00 501,90 110.0D W00 .80 .00 21.00 8,00 DD 25.00 1.00 .00 DO .00 .00 ,0O 1.00 .0C .30
21690.00 166.00 407,90 110.00 7,50 $.50 .00 2,00 $,00 .DO 20,00 1.00 .00 00 .00 .00 .00 1.08 .00 .30
21584,00 92,00 &£99.90 107.00 L0 .00 .00 00 £.75 D0 8.75 1.00 .00 .00 .A0 .00 .00 1,80 <0G 00
21992.00 25.00 724,90 30,00 .00 .00 .00 8§00 L,00 .0 6.00 1.60 .00 .OP .00 .00 .00 1,00 .00 ,0O
KEY FOR SOIL TYPES sKEY TO VALUES FOR RUNNING WATER

T ~ SILT AND CLAY ¥ - CEMENTED GROUND

11 - CLAY AND $&ND VI - PEAT ANO TRASH 0 = ORY W75 = RUNNTMG WATER
1T - SANO AND GRAVEL VII - COMESIVE GROUND W28 = MOIST 1 = FLODOEOD

IV - CORBLES ANO BOULOLRS VITT - RUNNING GROUND W50 = WEV

Appendix A-2. (Continued)
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Appendix A-3

Rate of advance calculations vs. measured rate for each data set of

each tunnel.
The calculation procedure includes the estimate of the learning curve

exponent, equation (6.1), the intercept, equation (6.2) and their

substitution in the RoA equation (6.3).
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aaY AREA RAPYID TRANSIT OISTRICTY
CONIOACT NUMREPR §MTCY)

“E YUNNEL - 247TH T# TANDALL STREET
SAN FRANFISCO, CALIFORNIA

EXCAYATING

CUMULATEVD  DOWN NGURS 50iL SHIELD ExUIPHCKRT
WEER cLrT CCRAECTION COMRECTION CORRECTION CORRECTION
H iv.0o 1.00 «T5 9.9 1.508 1G.1% 26422 3te)s 26,22 B.0D .07
2 7,50 1.12 «TS §.93 t.50 43,10 %2.31 72.25 CLELS 37.c0 4Z.G0
X 23%.00 1,00 75 F493 1,50 145,82 14510 21%.07 FCARY R 110.00 isC.C0
N T3?,50 1203 .75 F.%13 1.50 b1.73 61,627 280480 271,28 41,00 121,60
5 &57.5%0 1.02 73 9.93 1.5%0 118,63 118.17 199,84 189,46 111,30 024G
s €8~ .20 1.0 13 7.8 1.50 63.89 63.0% Wh2.91 52,89 56.70 In3. 00
7 025,040 J.M1 17 9.93 1.5%3 60, T% 65,71 532406 222 .00 Su, 00 &12.C0
P i28%.00 1.02 77 §.923 1.50 118.20 118.37 $5C.AT [L Y ®4.00 fhelto
9 117T.50 1.7C 76 9:.93 1.50 119,01 1ig.90 Te9.07 15957 2%.00 6GD.0C
30 1507450 1.12 - TE 9.93 1.50 54,76 Su.26 [FLERT] BErY.EY Aa, 00 Lra.rn
11 1e57,53 1.18 PR 9.%3 1.5C E7434 674313 B9I.2A 430.%986 ¥7.00 TR1.O0
12 18%".0p0 1.0 Y 9,93 L %14 13,02 73.01 9b4 . 30 951,94 .00 ACI.T7
2 196”0 1.38 19 9.9% 1.50 57.28 5778 1D2Y.%8 1G131.24 5C.00 0107
v 2hsn.co .03 19 5,91 1450 Ju, 39.30 105588 I0NT .58 112.972 101300
15 2rx5n.rQ .05 T §.83 .50 §9.02 &a.ng 1150.80 14,58 B6.00 108,00
1t 2557.58 176 LT .51 1.%0 95.92 5,21 1766 ,82 1236445 a2.o0 143,07
17 iPST.RU 1.02 .79 9.93 1.50 iCu,ie 10417 1351.02 1380 .62 1278.07
YR 2107,80 1.0% b 53 1.%0 81,35 8134 143236 142t,9¢ 188.03 R NN
19 3%er.to 1.08 Py 9.91 1.5C 7932 T8, 1511.88 1501.21 BR.NT lusy.or
2L AERTLND 1.02 «%C F«%3 1.85C LIRS A Ru,32 1806 .01 1596.5¢9 @408 1s8Re.0n

CAY AGFA RAPID TOANSTIT DISTKICT
CONTRACT NUBKLP 1MOO3}

PR TUMNEL ~ ?8TH TC RaANDALL STRCET
SAN FRANCISCO, CALJFORNIA

CUMULATIVE DouN MOURS s0IL SHIELD E;S;::[!lld,:r Tz :ru's vl 3 = z L
aEEN FLET CORAELTION CORRFCTION COWKRECTION CORRFCTION INYEGRITION SUMMATION INTEGRATICOW SUMMATION ;Ecus CU;UI;F’VE
21 3est,ng .04 »TE 9293 | 5599 19,15 T} ¥ 16R5. 19 16Tu.74 75.006 1653.60
22 wi0?.50 1.57 «T¢ P01 1.5¢0 Tbab3 Tb.b7 1T61.81 1751,39 §2.00 174,00
a3 4297.5¢ 1.09 216 P93 1.50 60,75 60.TH4 18272.5%6 RI2.318 83.00 1828.00
FA TR b £ 120 1} 2416 78 S.53 1e®0 Z9.04 2974 1851 .60 1881.17 41.00 18&9.00
25 4uZf,00 1.0} «18 .53 1.50 23.28 23.28 187a.47 1864 ,%5 56.00 1925.00

Appendix A-3. Rate of Advance Calculations.
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ARY AREA RAPID TRANSIT DISTRICT
CONTRACT WUMREC 1ROOJS1

WL TUNNEE - 24TH TN PANDALL STREET
SAM FRANFISCO, CALIFORNIS

EXCAVATING

ACTUAL HOURS

CUMULATIYF DOWN HOURS SOIL SHIELD EQUIPMENTY 23 Iz Tamrx
WEER FELT CORRECYIQN CORRECTION CORRECTION CORRECTION INTLGRATION SUMMATION INTEGRATION SUMMATION WEEKS CUMULATIVE
1 2n.o0 1.04 .75 7.93 1,50 39.25 36§ 39.25 Ja.as 32.00 3z.00
? 57 .50 1.08 75 a9 1.5%0 LR LA §0.90 B0 bs 75.35% 3q.00 66.00
L] 175,03 .27 15 9.93 1.50 F3a .94 13202 21%5.60 211,17 76.90 142,00
L] 33,08 1.1% 75 F.93 150 125.7% 125235 ELE L) 332,82 89.00 211,00
5 ©5%,00 1,02 «73 .93 1.5%0 128,52 128405 n69,92 4bp.87 113.00 Jas, OC
& 797.50 J.BG 77 9,93 1.5g 1Z7.%7 127.2n 597.39 58R,11 102.00 Y¥Rs.00
T 1182.%1 1.01 «17 5493 1.50 180.39 18071 TTT1.78 Toaail 117.00 558.00
& 1257,20 1.02 78 9.93 1,50 Ba,A7 LU L) 862,65 BS2.96 60.00 &318.00
& (487,50 l1.01 o 78 7.9 .50 5971 59,1 921.96 917.2¢c £3,10C Ley.00
42 151753 1.09 278 9.93 1.50 12.85 12.52 934,81 F2u.66 13.00 69100
1 169700 1.08 « T 993 1.50 78<Ab 19.37 1013.67 1037.95 84,00 TT5,00
1?2 1°7°.0Q 1.07 <78 .93 1.50 75.65 196y 108932 10719.59 ?3.00 R&8, GO
|5 193%.00 1.68 79 9.93 1.450 We,.An “g AN it3a.le 112a,4)y 59.90 0z7.00
v 1987.50 Y49 19 ?.9% 1,50 T5.62 234 1207-78 1156.77 28.00 945,00
15 2157.%3 1.2y =79 9.9} 1.50 R6,20 B5 .70 31295.9%8 1242.97 66,02 1N21.00
16 289%,0Q 1.02 .79 2,91 1.50 112.86 132.027 1u28,.85 1376.7% 104 .00 r1s5.00
17 2577.5D 1453 19 .93 1.50 4B,6) ¥8.61 1477.85 1420 .40 S6.00 1181.0C
19 2787.%Q 1.r4 .79 9.9 1.50 az.n 42.30 1559.78 1506.70 101.00 12a2.00
i Xden.0p le.02 76 .93 1.5%0 105,01 105.20 166478 1631,70 9%.00 13%.0n
23 328%.CQ Y.08 +T6 %.93 1.80 LLRLE Ta.61 1739.45 1886,5C 95.a0 1a871.G0

RAY ARTA RAPID TRANSIY DISTRICY
CONYIRACT NURBER 31n003)

ML YUNNEL - 2uTH TO QANDALL STREEY
SAN FRANTISCO, CALIFDANIA

EXCAVAYING wEEN*S MDURS CUMULATIYE MHOURS ACTUAL HOURS

CUNMULATIVE (OwN WOURS SOIL SHIELD CQUIFPRENT TRz E$-4-5-54 22054 -5 -4 TEIXREIIE
WEER FEET CORRELTION CORRFLTION CORAECTION CORRICYION INVEGABVION SUMMATION INYEGRAYJOW SUMMAIION WwEEKS CpMULATIVE
2% 351,00 is04 T ¥.93 1.50 81468 A3.50 IR21.26 1170.01 92,00 1563.00
22 3795,00 1.0} .70 991 1+50 115%.00 116,99 1936.27 188%5.00 95.00 18%9.0C
2! #127.00 1,02 «18 9.913 1450 107,42 10T.01 203,68 1992.80 104,00 1Te2,00
29  w?3".00 1.0 «75 9.93 1.%G 52.%8 52.88 2096456 2045.28 1an.00 18Y0.0¢0
25 w39M,00 100 »Ta %493 1450 Is.TR 15,78 2132438 208).06 101.00 1971.00

Appendix A-3 (continued)
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FAY ARFA RAPIC TPANSIT DISTRICY
CINTRAZT NUMALR JROOSY

SR/RL TUNKELS

KEQRELEY, CALIFUENTA

EXCAVATING WECY'S HWDURS
LUmBLATIVE  DGwWN HOURS SNIL SHITLD ECUIOmENT zzze z 1543 S
WEEK reet CORRLCTION CQRRFCTION CORRECYION CORRECTION INTEGRATION SUMMATEION INTEGRATION SUMMATION
1 29,20 1.3% -8B 1G.7T7 <42 153,213 ?1.95 153,23 F1.99
v 97.20 1.040 <RB ica17 «H2 19R.87 195.58 351,90 2RT.52
3 t6Y,Ca 102 +88 1077 B2 191.87 191.94 543,78 4TR.61
u Bl S i) t.1l .or 10.77 82 131.75 3,52 675,52 10,25
& 2bu, 1.9 <R8 10.77 A2 12T.02 12695 A0Z455 TIT.19
b T20.03 1.21 98 10.77 «B2 120.11 120.2% 522.8% 857.24
7 IBTLC0 1,39 a8 10.77 «82 133,01 133,38 105K ,086 R9r.62
® ayT. g 1.0G L) ic,17 .02 149.92 189438 1205.u9 1139.97
< 829,00 12220 BB it.77 «R2 163,53 1el.he 1367.0% 1107 .44
1 e1¢4.00 1471 RE 10.77 .82 158,79 158.7% 1525, 0% INET (1B
it L8 Tt ] 1.21% PR 16,77 «0a 1T1.5F 171.51 169719 1F31.71
i 71,72 1272 B 13.77 ~A2 101.58 131.87 1798.97 1113.29
e LY-Jar e} 1.2y B 12.17 A2 182414 152411 19491.10 1RSS40
) SaH,20 T+74 rRE 10.77 »R2 136.906 116.95 208R.C& 2027.13%
it 1015.00 r.iu <FC 1I8.77 «E2 11°.14 118.17 2206424 218052
HY [k el 131 80 10.77 P2 137,97 117496 2324.21 2298, 47
17 H B I .22 sl 1g.17 82 az,00 4zZ.36 2uneL .27 234C,5%
TE 122%.7 1.0 LA 10.77 2P 2 PY.78 Fu,AR 2u99,°5 rARLFS L4
T 4 2aFeid] }-2C 20 10,77 +82 §9.ut LAY Y 259%.01 2536 ,54
27 1376.20 1.7 «9C 1Cs 17 «B2 127,35 127.94 2726435 26b61.98

SAy ANTA RAFID TRANSIY DISTRICY
CINT2ACT NUMBES 1R20SS

RASAL TJIUNELS

BESWELEY, CALITODFNIA

EXCAYATING WFEX'S HIURS CUMULATIVE HQURS

SUMOLLTIVE  DCuN MOURS seIL SHIELD EQUIPMENT = IEIITEILETIZD b
DLk fEET CORRECYION COEREC?INN CORRECTION CDRRECTION INTEGRATION SUMMATION INTEGRATION SUMMATICN
21 1w59.00 1.0D £90 10.17 "2 128402 126,91 288,27 788,90
22 14tu.ra 1,00 .90 10.717 .82 z2.10 22419 2875417 ZA11.00
Z3  14TA.CT 1,00 .90 30.77 +82 7.35 7435 2p82.72 2818.35
24 1899,00 1.901 Y3 10,17 .82 12785 127.99 3010.58 2986.19
2t 1677.0D 1.01 TS 10.77 .82 18,10 T8.10 3088.68 I024.29
6  1RYI7.00 1.70 .56 1077 sR2 Yuz.29 142,28 3230.97 1166.57
2T 1947.305 1.2 XY 10.77 W82 137,07 137.87 I36B.44 3304.03
29 225%.0D 1.2¢ bb 10.17 B2 12187 12).96 3890, 3} 3625.9C
2% 219%.00 1.21 N 1C.77 w82 137,78 137.76 3628,07 35665
33 2r27.00 yeC2 “ kb 10,77 WR2 128.70 126.170 3175608 3691.b5
31 21s%.00 1,01 bt 10.77 “82 §2.4% 52,38 JR04.53 374u. 10
12 2867.00 1408 -9 0 16,77 ¥ 123.73 123.7% 3932.126 1867,83
X3 254,00 1.02 .o0 10,77 .82 110.58 110,58 KOUZ L Ay 3978-40
Ju 87,00 1.0¢ 90 iC.77 B2 133.15 133,15 #3175.99 4111.53
IS 2Tuk.0Q 1.00 «%0 10,17 .82 1231474 12173 4297.72 uz3Y¥.29
36 ze17.DD 1.Y1 .90 10,17 -827 105.17 105.17 sup2.8% WI3B.4S
317 2RBe,00 1.01 «90 10.77 WR2 95,27 9827 a501.16 836,73
3R 2901.00 1.00 «80 10.77 «82 18,89 18.49 451988 458,47

Appendix A-3 (continued)
A~-45

WEERS

76.00
122.00
11&.00
it1.00
13w,00
119.00

ac.o00
118,00
129.G0
118,rg
111.00

78,00
11700
113%.00

99.00
119,00
%8.00

96,00

WEENS

119.0C
120.00
320.00
115.00
Te, 00
159,00
112.00
1G3.00
118,00
1t2.00
69,00
117,00
116.00
11e,0g
1290.00
77.30
118.00

120,00

ALTUAL MOURS

CumULATIVE

CUMULAT IVE

T G
1., 00
3iv.0C
N25+C0
539,00
B9R.CN
Ti8.GC
AS6 .00
“Th.CE

1094, 00
1275.¢C0
1283407

reécp.ur

1513,

1612.00

1rx1.20

1A25.00

1921.04

Zqui.eD

2ie0.C7

2279.00
238,00
2%19.00
263%.00
212,00
2RT1.00
2943.00
3rug.ro
Iyen, 00
3276.C0
3345.00
3462,00
35%8.00
31627.C0
XaiT.00
JBEOR.CO
“01i2.09

#132.00



ZAY #nCA ESPID Vﬂle!T OISTRICT
CONTRACT NUMRER 1SCR}
TR TUNNEL

SAN FRANFISCD,

wilR

CUMINL AT IVE
TLET

“T.43
199,73
187,27
S5br.85
YR TH
PR, %8

111£.7)
1557, %

IMa Y. 2%
1517 .09

1557.48

CALIFORNMIA

DOWN HOURS
CrRALCT IO

101
T.01
e
1.01
1.07

1.08

S0IL
CORRECTINW

SAY SREA RAPYID TOAASIT QIS*RICT
CONTOACT NUMBEP
L TUNNIL

SAN FRINTISCO,

WEEK

CURtLATIVF
FEey

W, T
137.38
LELFY 39
369,95
627,13}
BZr.bB

135440y
1281.m1
1951, 36
1516429

1551.2%

130012

CALIFOANIR

DO=N HOURS

S0IL

CORRECYION CORRECTION

1.C1
173

1.97

« 17

-8B

15

wTh

T8

RAY AREA RAPID TRAWSIT CISTRTCT
CONTRACT NUNBE®R 150011
SR Tuskit

SAN FANiFTSCO,

wEEK

CUMULATIVE
FEET

82.70
164,10
217.061
325,93
WB9%.91
554,75
83e, 32
123181
R L1l
ILE A

15%7.94

CALIFORNIRA

00nN MOURS

saiL

CORRECTION CORRECTYION

117
1.00
101
1.04
1,01

1.23

EXCAVATING h[f"s HOURS I'U"ULI"IVE HOURS lCVUll HOURS
SHIELD EQUIFMERT =
CORRECTTIIN CORRECTION INTEGRATYIOW SVI!HIC\I IN'EGHHIUN SUFIH[cn ll[(lS CUMULATIVE

#11 1.0% 77.98 b6412 T1.98 8612 63.78 431,08
911 1.09 128,08 1249.23 206,02 180,32 11a.84 117,92
.11 1249 149.0% 1%8.11 355,31 JIR.42 112.76 7O0, b8
LIS 1.89 155.83 18%5.27 51093 a9 Y,.6¥% 118,59 anre,?27?
AER 1 1+63 162.173 102,50 533,68 59k .35 PR ML SC5.713
9,11 1,49 123.73 12Y.%8 737,137 7i9.938 99,37 605,08
o1l 1.n9 13%.3s 135.24 B7Z.14% £5%417 102.3b 107,44
P11 Jany 132.08 132.70 1004,82 RETLLT 108.40 2i5, A4
P11 1.49 55.59 55.5% iaeo.a) iDu2.78 1ia,e8 94,50
vail 1.3 22.089 12,69 1n93.11 LAY 97,62 1012,
$a1l 1:63 3a.%4 LARY-1 1127,48% 1IC?.99 103,95 11%.C7
EXCAVATING IEEK‘S HUUH$ CUMYLATEIVE HOUPS ACTUAL NOURS
SHIELD EQUIPMEN? = = B

CORRECTION CORRLCYION INTEGRATION SUHHIVION INTEGRATION SUMNATION H[EIS CumuLAT vl

9.5% R T1.71 62,21 Ti.T} 62,23 9Y.B5 97,85
9.5%9 B2 50 46 a8,86 162,17 15130 11267 250,52
9:59 82 129.38 128.10 291483 219419 119.59 325. 11
.59 Ta09 172,78 169,73 ag1.7T) BeR,.92 ¥3.00 a18.11
959 1e8% 15205 152.40 (LR | 501.37 93.58 531469
9.5% 1,89 179.88 1784867 193,19 175,99 111,70 823.39
Pe59 Ten @ 191,068 191.51 9Bu.HA 971.%C 102,59 125498
F45% 1.49 181,92 181.3%1 1t66.29 1152.0} 105.10 R¥I.CH8
P.59 1.71 119,24 138,21 1304.5% 1291.02 92.24 923,32
959 Tau® LI 46,47 1351.05 1337489 116.5C 109,82
9,59 L-as “3.5) 43,51 139892 1381.00 15,68 1115.08
ELCAVATING HEEI'S HOURS CUMULATIVE VOUQS ACTURL MOURS
SHIELD- CQUIPMENT SIITIEITEETT

CORRECTION LCORRECTION INTEGRATTONM SUMMAT]IQ Httls CUMULATIVE

9.59 1,09 2% 73.72 B3.58 TI.C02 55.42 55.a2
$59 1.09 L17.81 $15.02 20134 188.04 113.08 1648.50
.59 I1.09 Ja.tn J8.1a 239.5% 226,18 LLRY 4] 212.7y4
.59 T.b9 114,96 119.6% 358,50 3ur0.84 89,A3 297,57
9.59 1.49 151.06 15058 50%.56 NF1.52 113,08 Ui0.6%
.59 Tab9 130,14 129,98 63%,.70 82150 108,83} 519.40
9.59 Ton9 134.A0 136,67 110.50 156417 100.n3 €r0.29
P59 Ten9 143236 183,27 ?13.86 899,44 91.23 Ti1.52
9459 T«d9 138.2¢0 P3a.l@ 108,12 1033.63 1iv.00 A28,.52
9.59% 19 132,59 3124958 1160.70 1l1ub.19 95,42 923.94
9.59 1e%6 153.42 153,40 318,12 1299.58 a8, 08 1008.02
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Aay ARFA WAPTID YFARSTY DISTRICT
CINIRAZT WNUMBEP 15C011}
L TUNNEY

SHN FRENTISCO, CALIFORNIZ

CUMULATI¥E QOCMN HOURS SCIL

wEEK FEET CORRECTIGY CQRRECTINN
1 29,93 1.10 .75
2 139.53 1.00 75
3 21°.45 108 W15
4 226,95 1.02 »75
1 386.93 t.02 75
5 2°.R3 1.73 «
1 63%.23 1.05 TS
E T9b.72 1.03 .15
k3 L1589 174 «T8
iz 981.2% fols » 75
13 1116,09 1al3 75
12 126%.74 1.02 .75
13 1457,86 1.08 75
lu 1565.19 1.01 .15
SAY AREA RAPID TRANSIT DISTRICT
CONTRALT WUMBEP 1500518
SL TUNNEL - MARKET STRFEY
S&M FRANZISCO, CALIFORNIZ
CUMDLATIVE  DOuN HOURS eI

WEE K fELT CORAECTIAM CORRECTION
H 82,00 1.02 oR3
by 152.40 141G A0
b 227,00 199 s
4 87,00 1.D3 79
13 57,00 1.01 75
I3 LSS 1.0% W Te
1 564,70 1432 75
“ LY T 1413 .83
S LESRE] 101 -83

EAY MAEER KBPIL YRARSIY

CONTRACY wUMAER 1SCONLR

SR VTUNNEL - wavFP] SYREE?Y

SAN FRAANCISCO, CALIFORNIA

CimaL a1yl DOWN HOURS SO0iL

wEEXR FELT CCRRLECTION CCRRECTIONM
1 27,98 1.70 €0
2 Pu.9p 1.71 +T8
X 137,88 1,79 .81
4 167,74 102 «B9
bl PTT.NE 1.N4 77
3 bR LTS 1.07 »81
7 W77 M 1.01 LB}
14 Sbh.9E 1.02 -89
« EBYabt 1401 83
1 TGRLG .71 JAE

FACAVATING
EQUTPHENT
CORRFCT IO

SHIELD
CORRELTICK

EXCAYATING
EQUIPMENT
CORRFCYION

SHIELD
CORRECYIDON

EXCAVATING
ECUIPMENT
CORRECTION

SHIELD
CORRECTION

Appendix

WEL®®S HOURS

INTEGRATION SUMMATION INTEGRATION

SUMMRTILN

149 75,73 63.91 7%, 72 (SN
1a9 105,35 172,53 181.09 166 .n
1.uy 102,64 101,08 283,72 268,13
1,49 99436 99.70 33,08 367,32
19 45,81 a5.7% 4ZF. 8% w1X.ic
1.4% 98,81 98,64 s27.70 811,74
1obg 7811 16428 5L 3 587,83
t-a9 95,24 95,15 699.05 6BZ.96
1.8% 32462 12.82 T31.68 715458
teng B1.11 R1.78 f12.79 798468
.89 8l.22 BC.2D a93.C2 876.86
1ous 92.22 92,18 9R%.23 969,04
1.7 6.2 76,5n 1061 7S 10VT .54
1.49 82,11 88.10 1149.,88 1133 .68

WEEN’S HOURS

CUMULATIVE HOUFS

INTEGRATIDN SUMMATION INTEGRAT tON SUVNATIO

117 2719.%6 130.39 219,98 i1p.3e
1.17 13168.C3 137,19 ¥3i7.5% 267,58
J.87 116,65 116,137 530,64 ¥8Y.98
117 B7.88 81,80 672,13 471,34
Teb? B9.23 LTS 87 Tii.36 560 4%
117 129.00 i126.813 bNC .36 tae. 2
.17 11781 117,32 $57. 78 BOK .64
1.17 1a2.61 142,53 1100+3¢ FUT LI E
1.1 7%.17 T5.1 7 117%.57 126,17

CUMULATIVE HOuRsS

INTEGRATION SUMMATION JNTEGRATION SUMMEATTON

1.0% 87,74 43,53 B7.TH NE,5)
1.09 BC.HG 78.73 148,40 122.2%
tens as.Ts A5,64 194,38 is?.88
1«63 TR.21% TE.2S 212,57 285,93
163 10C. 33 10e.28 312,50 Ju5,9%
1463 1iR.0% 117.%6 R0, RY Ab3.RX
1.¢3 .79 9071 581.28 554 .0u
1.63 RELTS Bb.10 68T ,a3 cul,iu
Fe6d I0N9T 104,89 P12.a80 Tus,03
101 13465 313.65 A0b.05 TIR.68
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WEENS

109.33
116,16
112417
112,97
.67
IGA.SC
81417
10%«5p
8A.9C
fr.08
98,47
112.99
83495

Te.8y

(144,33

11230
su.ca
Shaby
LLPA D)
79,50

106,014

1ic.12

AT

WO, NG

aACYUAL

wEEKS €

56.00
110,25
S2.3%
Ta,87
108469
100. 64
rR,2%
73,26
105,52

37.78

CTyaAL

ACTUAL HOURS

HAURS

CUMULAYIVE

109,58
225,49
337,66
450,0%
5n1.75
61625
ST
823,07
891,90
9P1.98
1082,40
1194, 43
1278, 44

13221

CUNMULY IVE

112. 38

206,44

I02.FR

385.2k

qED.74

586.77

6%b,87

1RG5, 36

FrR.87

MOURS

66,00

176,25

228.5%9

103.26

509,95

51C0.59

P8 .84

eh2.10

TET« B2

8res .37



uypPPER <aLY CREEX 41
LANTEATT NUMALR G6-nu-~25
cutCcin®, 1LLINOIS

EXCAVAYING

e Y Comftvion commfciiow cComRrerios ComuL AT IvE
1 FLIN] 1.13 #T12 6492 1.50 2n.59 11,99 28,59 231.99 2%.50 25,57
B 30,73 1,77 .75 6,92 1.5u 10.27 15,2 3e.88 0,22 16.00 .50
AT B L. 14 1.0% o 17 6492 1,50 LIS 1 w8.8C g0 CFIr ue.00 pG.50
9 rrt.ro 1424 w67 6.92 1.0 LIS 1] FBeMb 117,28 111.22 25.30 110.52
< 2ym.T3 1.94 o7 6492 1.%0 2446 PR L) 119,70 113,78 3.00 115.50
s TY?2.D3 1.92 57 6.97 1.50 16,50 1650 136.7%2 130,32 1a.0C 127,50
AT B ] 1.27 .15 6.92 1.5C 9,02 9.82 146,18 IETS L] 1e.00 146,50
£ 28m,72 1.01 .78 8.92 1.40 6.70 b.30 152,00 TR L] 10,04 145.5C
9 v59,9) 1413 T 6,92 1et3 Zv.4F 2u,u0 176.52 1Tr.B% 31.00 186,55
PO S 1.20 «6T 6492 1.5%0 18.22 16421 197,13 18733 19,00 2.
11 £9°.00 1.02 67 6.92 1.50 “3.83 43.52 236476 23n.82 87,00 243,51
12 TLEeD0 1.11 .67 .92 B X3 1 27,93 .92 268,70 Z5R.58 2%5.5¢ Iw9.0C
3t e3a.co 1.08 K1 6.92 1.%0 ZR. 14 28,13 292 .88 28k 60 28,00 zr7, o0
e 1994,03 1.02 .75 092 1.50 55,60 55.53 LY 182419 3R.CT 135,00
1T 1. ).ra .18 .97 1.5C 52.49 52.04 401,32 397.08 38.0C 173.CC
16 juphe0d 1.15 ¥RE 6.92 1.50 25.6D 2t.80 NZE. "2 wzten3 FEaaT AL
IR LY ot oh 1.b2 .92 .92 1.50 16,21 16,71 w3, iy 4358y 12.0C 401,50
1A §1%37.02 1.8 +09 6.97 1450 5.TY a.73 wu7.86 aRi.57 12.90 313.57
19 §538.70 | RS 1.C% 8.92 1.50 19,91 fu,91 LTY R 45647 sf.5C ¥=5 .00
27 1%6t.00 1.re 90 6.92 1.50 20.8% 20428 ugr, 22 uk.52 31.00 (L1

UPPER SALT CPEER »}

CINTQAZT WUMFER #§-4T8-7%

CHICASO, TLLINDIS

CECAVAT IAC WwlEX'S MQURS CuryLATIVE WOuPS ECTUAL WDURS
CUNBLA TIPS DOWM HOURS 01U SHIELD EQUIPMERT H =7 R

wiENR TERY CORRECTILN CORRCCTLINM CORRECTION CORRPCYEON  INTEGRATION SUMMATIOXN INTERRATIOM SUMARITON wEERS CUMULLATIVE

21 1*2*.00 1.02 «9u 6.92 1.%0 3a. 34 ELER ] 517.56 511.25 38,50 526450

22 233%.00 1.0% LY .92 t.52 35.85 35,45 §53,21 545.9D 37.D0 563.5C

23 237%.r0 1,94 T8 .92 1.50 12479 1279 566,00 556.69 38,00 597,50

Zn ¢239,00 1.02 way 6.92 1.50 33.9% 33.95 599,98 593,58 “j.00 bXA.50

2% 221%,00 1.36 W95 6.92 1,50 9,83 9.5% 609.4% 803.18 1%.00 65750

¢ 233°.%5] 1.1 75 b.927 1450 13.51 13.51 62300 516,69 2,00 680.50

21 251N 1.r8 .75 6.97 1.5C 29,720 2919 452,19 tas.ng 31.0G T11.50

2% 233,00 1.00 AT 5.92 1.50 53,49 53.a8 NS .68 699.3¢ 45.00 156450

29 37ai.00 Y.tz .67 6.92 1.50 27.98 27.%8 133.57 T27.3 25.00 TAY.S0

10 336,00 1.03 .ar 690 1.5¢€ g, o0 LM 182,57 716.23 3v.00 a20.50

31 Ik2%.CO 1.91 st b.92 1.%0 In.?2 Iy, 24 Rib.RE ALf.5% 3?.c00 857,50

37 5°SY.00 105 =74 5.92 1.50 32,18 32+18 AN9.D3 42,60 31.CD ARE,.50

13 wpze.rO 1.00 .78 .92 .52 L RYS) 51.82 LI LTS 894,51 a%.c0 933.50

N wanc.n) 1.0% »1F 6.92 1s5C I0.89 3069 931.55 92%.20 22.00 985 . 5C

L LA LN L 1.90 «90 be92 1.50 42,91 n2.%} SIN.NT 968,31 34,00 989.50

3¢ ant17.p3 1.08 .93 .97 1-5C 25.59 25.59 100C.06 997,10 21.%50 1C13.00

31 S1rv.mo 101 »15 b.92 1.5C 37,68 37.08 1037478 1031.38 Ir.eco 1050.09

3B S981.C0 1.0u 15 [TL.H 1.50 In.33 318.32 1076.07 1069.70 317.00 10RT.0C

iL 5PaT.OQ 1.0 N be92 tato aT.85 87.60 123,71 1137.358 a5.00 1132,00

g bl6T.0D 1.04 RLL Be®92 1.50 3B, T8 IR.T1 1162403 115640k 33.50 185,50
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LPPLF SALT CPEEFK s}
COMIRATY NUMBRED gE~4{a-2%
CHICAGE, JTLolntlf

EXCAVATING

TUAL HPURS

CJuU'LBTIVE ODOWN HOURS SCIL SHIELD EQUIPRENT ==
nEER FLEY CORRECTICGN CCRRECTION CORRECFION CORRECTION INTEGRITEON SUMPATION INTEGRATION SUMMATION WEERS CuMuLaT]vi
LRI 5.1 s o] l1.C0 .02 6.92 1.5 27T.B5 27.98 119030 FI8F.93 31.30 1126440
N2 [ AR} 1.78 1.02 £.92 1450 16.7% 1671 1267.01 120N, 64 37.03 226,50
4! puST.TC 1:14 1232 t.92 3aRC .06 B.ub 145,47 1207.1¢C 25.00 12531450
u pE37. 00 1.70 99 .92 1.E0 BeS? (X 1222.0% 1215.6F 17,50 12bF.57
4¢  pSET.TC 1.0¢ 1.02 b.92 1,50 TaT2 TeT2 1229.77 122%.40 26.00 12R6.57
Wt pbbT.TD 1.1C 1«02 6.2 T.52 16,09 16.49 1724b.26 1239489 LR 1327,50
47 B®ET.CC j.00 .02 bed2 170 TN, T2 2u.T2 1270.9¢% 12Lb .6l 16,00 1365.5C
uF TTIT.CD 1.2C 102 652 180 IT.uy 3T.43 1308.239 1382.02 k4,00 HaNT .57

LRPER SALY CTEFX a2
CONTRACT NUMRER £3-%05-29
CHICALS, FyL Innls

EXCAVATING

CUMBPLATIVF  DOwWN MDURS SOiL SHIELD FQUIPMENT Tz x E =
wELn FLet CLRRECTION CORRECTION CORRECTIGN CORRFCTION INTEGRATION SUMMATION INYEGRATION SUMWETIO WEEES CuMuLatIvE
1 ut.00 1.00 75 b.2% 1a82 23,48 19.61 23.48 19.63 “g.00 a0.0on
4 £0.00 1.7 7 be25 1.8 Ta22 Ta19 3a.70 28.8) 7 17,00 57,00
A 117.00 .03 » 75 be29 1.83 LYY 2%.45 KPR 97 hk 3r.00 «1,00
3 38f.00 1.02 «15 ba29 Ys8C 3bL.P} In.t8 93.75 g9.08 ¥1.20 1?9.00
5 R ) 1.01 <71 8,25 1.8C Ti.18 10.12 Inb.9] 159.19 €5.00 183.500
& ilzz.ro L) «1E b 2% 1.%C 17,76 17.75 1B2+4% 176,94 1u.00 191.67
T 187100 1.0C N1 629 1.80 49.21 49,78 231.%0 226,01 4).an0 2%k .00
® 0 1FBRLTY 109 =77 £.29 1.53 21.85% 2).85 " 253.75 747.8% 16,00 2% .00
9 ZY8s,00 102 oTH &429 1458C Ui.89 l.%% 295.6% 289,16 16,00 280.00
3 1734.33 .00 TS 6.29 1.50 47.8% al,99 Ju3,.se 317.80 51.07 Jup,00
11 I11”.0o 1-10 «T9 6429 1.50 9.0C F.00 352.80 IubL60 5.0C 3up,00
12 38”.03 1.00 o719 6.29 1-50 43.27 43.78 395.87 3189.85 3°.00 385.00
1T urfet.co 1.02 .72 6,29 1.5C 2T.u2 27403 w39 upT.27 31.00 LB Y-RY
14 4538,C2 l.r0 + 15 629 t.5C 13,89 33,98 (LR 5 H5143N 3s.dacC as).00
15 werY.r3 1.02 Pl 6429 1.5C 25,08 25.,u8 4p2,63 476.60 2%.00 “T6. 00
1« 5717,03 1.0C 8B &.29 1.5 24,718 24,78 S0T.ny S01.38 20,107 ceg.0c
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UPZER SALT CREER 83
CONRTRACT NUNRED BB-ulfgp«2$
CHICAGP, ILLINOIS

WEEK FEET CCRRECTION LOPRECTION
1 27.C0 1,20 15
b 12u,.C0 1-C5 o7
* 280,73 1.1 «R2
L] Te°.Cd <1C 87
b =in.00 1.7C «87
3 67€,CC 1.00 « 71
7 A4?.00 1,05 +RE
€ i11r,c0 1.00 sk
¢ i73r.ca 1.21 A
1T 1¥37.C0 1.1 fen2
11 fei17.c0 1219 oTF
37 31%61.02 $.01 W15
1z 178t.cd 1.00 « 15
i 189,20 .07 «TE
1 2157.20 3.00 75
16 gm17,.0D 1.00 15
17 &r2nT0 JorX W7t
1= Jo2e.co 1.00 ol
15 330€.00 1.03% 78
23 3esE.TD 1.09 75
uPPER SALY CPEEN sl
CONTRACLT NUMBES #6-4Cp~2°
CHICAGD, ILLINCIS
CYRMULATIVE DOWN HWOQURS IL
WEER TEET CCRAECTYLION CAPRECTIOM
FAR L1 o] 1407 «7%5
22 4z2eT.02 « 7
23 w%B°,00 1.0C +15
2% WT25.00 1«12 15
25 ufQF.CD ITs23 73
26 4978,C0 1,90 T3
21  576A.0 t«DO » 15
2F  RERT,pQ 1.0 «TE
29 SE3R,00 1.0} o T8

CumtLaTIvE

DOwr: HOURS

501L

EXCAVATING
SKIELD ECUTPHENT
CORRLCTION CORRECTION

577 1063
5.77 1.5C
577 t.53
5.77 1.t0C
.77 1.50
5.77 1.5C
577 150
$.77 1.3
Se17 1.50
6,92 1.5C
B.92 Ta®L
8.92 .20
be?? 1.5%0
&.92 1.50
6,92 1.4C
Bs92 1+%0
8,92 1.%C
£697 1.88
[ 14 1.50
6.92 1.50

EXCAVATINFG

SHIELD EQUIPMENT ¥ 43 =ras
CORRECTION CORRFLYION TNTEGRATION SuMMAY

6.927 1.%0
€.92 tefw
6,92 1.50
6.92 1.50
8292 1,%0
6.92 1.5C
6.92 1.50
6.92 1.%0
6492 1.%0

22.59

32,98
£3.20
27,82
26415
2g.00
I5.24
al,cl
24428
26470
11,13
29104
3. TC
19482
y1.2%
LERY4")
Jp.09
[LTY L
a1.30

S0. 18

29.4G
50,70
35,47
19.1%
F1.82
9.0
In.Xp
36.50

29.50

19418
3188
B2.827
27,78
26,11

27.917

19,51
)23
LRSS )
38,39
LT L}
%l.C

50158

29.40
50.70
35,086
19.15
11.62
19.40
RLES L]
3630

29.50
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22.5%

55,53
108.73
136,45
18270
19010
225495
266.97
293 .2%
¥i8.1%
33589
Tha 22
397,927
H)17T.%n
HSA. TR
5C7 .98
5n6,C7
L2 ST
637.87

681.03

CuMyLaTL Y

Ti2483

Tey.13
Te8,.0
A1T.7S
829.37
Pas. a7
882,92
919.32

IMALA2

E Woues

19.1%
SH.RZ
162.23
13n.99
15710
18¢.¢07
220.28
26125
28%.53
3i12.42
329445
35F ,uA
3ez, 18
4311.79
uS%,C2
tD2.21
5ar,29
tes vt
827.01

817,22

10662
157.%2
T97.78
811.9)
B2X,5%
RuZ.55
a77.00
21¥.%0

?4r,C0

wEEKS

Iv.ag
2r.c0

Iir.el

.o
22.00
31.C00
3s.00
14,99
13,00
11,90
1r.8g
2s.00
20.00
29.60
NL.0D
2T.c0
Iu.SC
31.00C

3e.00

29.00
I71.00
3J2.50
2a.00
15.00
32.00
31.00
IpsS0
31.00

CumyLarIvi

10.00

*a,0C
t§.00
L2 X 24
122.07
Jav,0r
175.00
2ik.cn
728402
?%8,00
245.00
zac. .y
Tiw, 50
336,57
THYL80
apl.se
30.5C
LLLIN )
9. 00

534,00

$58.00

£9%.00
£1). 50
887,50
872.50
Tos.5C
781.50
TT8.00

£n9 .00



WASHINGTOW METROFOLTTAN ARCA TRANSIT AUTHORITY
CONTRACT NUMBER 1FDA21

F24 P{NTIGON DUTROUND

WASHINBTDON, D,C,

EXCAVATING
CUMULATIVE DOWN HOURS $01L SHIELD EQUIPHENT
wEEX FLLT CORRLCTION CORRECY!ON CORRECTION CORRFCTIGN
1 67.0C 1.0} 1Y 1C.40 136 sR.a7 BY.2) Su. 87 84,01 TP.45 AL
2 11.19 1.8 bh 104D 1.3¢ 4l.68 8799 142,38 13 .51 27.24 In5,77
2 28=.Ce 1.02 +8E 10,40 Telo 18764 1B5.%9 329.9R 317.09 Bi.6B 189,44
Y Y59.%0 .00 2 9C 10.%0 1.3 Y9 R2 B3.60 379,60 366,72 21abS 21t
= €57 ,ag 1.01 +T9 10,40 1.36 165,88 165438 558, 4F 532.08 bS.8) 29T
b 637,81 102 »88 1040 1.36 34,01 3u,J0 S579.9% Stb,Mb 23,30 AL
7 61778 1.ru «57 1C.40 120 1.3C 1,70 580,79 567 %86 T.28 bR B b
@ L AP i.C3 - 10.40 1476 T T 8Te52 B3R, TR fluLPy ITa1e I4a.bT
4 ay€,.87 1.03 26F 1C.30 1.%p TR.08 Th.98 TiT. X8 T0Y.Au 17.85 Wrlee2
1z 16974452 110 <15 10,49 L R0 16%«bb Jo%.ne B82.97 PER L 33 rLuz ECX, Al
1Y 1T9r. 79 1.0 279 10.40 1438 175+15 175432 105P, 12 1AL *S Ih.TE R ALE
12 3E0T.eS 1.02 79 10.80 t.%6 16,18 1Ge1% 106¥.25 1066,55 16,02 636037
WASHINSTON MCTSGPQUITAN BREA TRANSIT AUTHORITY
CONTRACT NUMBREP 1F002%
F2h PEWIABGON INBOUND
WASHINGTON, D.C.
EXCAVATING WFE%*S HQURY CUMULATIVE HOURS ACTUAL MOUPS
CUMULATIYE OCwh HOURS S0%L SHIELD EQUIPHFNY Tzrzzz = e = -
WEER Feer COARELTION CORRECTION CORRLCTION CORMECTION TNTEGRATTON SUMMATION INTEGRATION SUWMATION WEEKS CUMULBTIVE
H T.50 .00 26t 10.u40 Y38 20,98 14455 20.98 1R.S59 ?.50 LRI
2 14«30 1.0% 73 1040 1.38 13.00 12493 33,98 J1.51 9.28 i7.78
M 10,24 1.03 b6 10uyD 1.38 3R.52 38.01 72,50 69,54 Ia.it S5.R¢
L) ul.s8 1.120 3 1840 138 4.20 w.2D T6«10 T.13 &.u0 &4 2%
< 5P.A9 t.0ng +bE 10.30 Y36 23469 23,65 100.3% 97,39 2A.5%0 Q.75
b Be, 38 t.0C bbb 10vH0 1.36 LL L B wu, 331 18u,R¢8 T41.7D 3n.2C 130,99
T 16730 1.00 28 1040 1.6 k1.3 61.113 206419 2024.93 RGO 168.99
8 197.40 Ea4 2bA 10440 1.36 36,05 36431 242,24 23P.R& 22.7C 191.6%
9 Z9FPa23 1.0% «bb 10en0 1.36 HU .39 N4. 6 286.63 2BY.22 26.6R 218,137
3a 285.30 1.0% 13 iC.aC 1,38 14,27 Jua.?6 12C.89 117,48 JR.61 256,57
11 334,44 108 bt 10w80 1«36 37.81 37.e2 158,72 15,29 LY ¥ 295,39
12 467410 1.02 +BB i0.an 1.3s 144.B7 144,62 503,40 “ve.91 T9.5°5 375, 34
13 E17,54 101 1-0% 10,40 1456 20318 200,90 Fou,3¥ TN.TS T2.u7 UYL T6
14 B¥e,97 1.03 -T9 ) 10.40 1,36 128.92 128.R% AXY 5 A25 %58 72.0% T19.81
1= ®0%.1% 1.0y «T5 10.40 1.% 49 ,9% H9aPH4 apl, 80 879,52 HU, 59 564,36
16 101,74 1.G1t 59 10440 1.6 55,29 §5.28 538,49 Q36 .80 B1.77 52617
17 ICH 3 1,00 «&B F R 1.1 16.08 16.98 554,97 950.88 17.59 bu3,63
1B 1N .94 Y.08 &8 1C.40 138 IS8T 157 LT LEF I LY b« 50 At0.13
i< AL R B l.08 w&F 10,40 138 655,04 65s03 1021.%8 1017.0% 63,03 T13.16
0 1319.62 1,02 55 iC.80 1.3% BSR4 B5h.9% 110T,482 1101.30 89,90 198.C8
2F 151t.0w t.a3 B9 10.40 1e38 109.53 109.50 1216,.95 1z1z.80 BS.4D ARY. U
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WASHINGEAN METROPGLITAN sREA TRAWSTT AUTHOFRITY
CONTRALT auMeLP
Fr4 phANrH REUTE CUYBOUND
WASHINGTION, 0.0,

wlTH

tumeLaTIve
refy

67,89
Q0ren2
217,04
25V, Te
45k, 80
630,77
RTAL XL
1055.2%
1I87.87
8w v.CT
1717.81

2247 47
2567%.02
811440
286%.60

£9312.,20

JIF021

DOw™ HOURS

(CRRECTION CORRFCTINN

H M |

1,05

i.n3

1.00

102

.01

1,01

sQIL

SHIFLD

COPRECTION

i0.00
1G85
1C-87
10.%9
10,40
10.uC
IC«lu
1D.uG
1C.49
10.40
10.80
10.%0
10.40
10.u80
10.40

10,40

WASHINSTINN METROPOLIYAN ARFA TRaANSIT AUTHORITY
CONTRACT NUMPER
F22 ARBNCH ROUTE INBOUND
wASHINSY N, D.C,

WEER

curtLaTIVL
TLEY

17.%1
13704
110,33
¥77.8%
LS ¥
LEY.CH
997,97

17Et.us
1%81.01
IbTRLtb
i%i%,9¢4
?139.%2
2391.%7
256,43
27%"%.08
ZPut.n1

293u.87

1FQ0721

0CnN MOURS

LY

Teli

1.01

1.01

1,013

so0IL
CCVRECTION CORRFCTION

SHIELD

CORRECTLICN

10,80
1D.40
10,40
16.4D
1G.u0
1Csu0
10.40
1C.%0
10463
10.8C
iC.u2
10.n0
iD.u3
IDeng
10.82
HL )

10e03

FXCAYATING

EQUiIrMFN

EXCAVATING

EQUIPMENY

CORRFCTION

Y

99,75
121,72
22,91
14,09
136.0%
B9.R?
14T.89
91.6%
167,93
172.21
113.7%
131.12
127.40
81.%D

ta.9n

2u.,27

1.3 85,09
1.30 107.94
1.8 3R.91
1«38 137,33
1436 125.05
1.% 95.78
1418 151.62
1.36 Tub, %)
1.3e 151.29
1a3b L1419
1»76 105.n4a
1.3¢6 9e.%8
1.30 10T.u3
.36 (1754
138 13.83
1.3 FY.00
130 3i.20
Appendix
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WEEW*5 HOURS

B&TO
121.%4
2G.91
14.08
335.38
89.78
In7,t0
A2 FY 1]
153.78
1254180
118.7%
133.37
127,38
P1.2%
1E.98

2a,27

39.08
108,32
39.°7
135.71
125.0%
95.48
161,30
186637
15149
51.14
195.9¢
99,57
107,67
56,98
13.8)
IHLIE

31,70

CURULATIVE HOUPS

99.2%
?222.97
2a3.ne
257497
39a.N1
4sy.en
e31.77
12302
274,30

1503.58
1122.73
1253.45
1380.F5
ILALFESL
1aE1,127

150% 3%

w“5.0%
153,08
191,78
329.27
REM T2
%50.48
T3Z.10
ASA.61

1009.90
1D&1.0)
1186.,12
1245.7¢
1373404
1ua0.1?
1853. T4
157,81

15759.01

A-3 (continued)

E£¢. T3
205,45
22°.3%
2aY,40
370.79
N&R.55
3LTRE)
1.0
B5p.51
Qa7 8

1106441
1237.48
136a. 846
1848.13
1865.41)

juBe.3E

CORRECT ION INTEGRATION SUMMATYION THTEGRATION SUMMATION

It.vg
14 3.51
t62.38
3ip.2¢%
qau T, 3y
S3e.00
G0.29
LT Y
997,86

104R.5y
11564.0%
128%.010
£361.03
3428,04
348 L.63
153%.68

1566.89

NELKS

54,08
ALY
31.08
14,50
62400
4g.87
8T 42
bbeud
6,00
PT.t8
62425
65,89
TQ.58
75.8%

wz,2%

31,25

19,92
TE. 91
26.0%°

B5.50

103.83
.3y
9. 75
bULR2Z
89,81
36,92
R2,49
AN, 5%
la.1e

115,07

5117

CymuL AT IvE

ACTUARL HOURS

CUMULATIVE

Su,08
127,15
16C. 02
1T7.3%
2,312
Zrg.0D
375,42
#U¥.B9
£XT.RS
2547
£PT. 72
753.5¢
B24eln
RCR .98
eu2,23

973, 4R

LS
°0.8F
116,92
202442
2R8.b7
3uu, DS
w47.92
ful.2%
E85,0C
1967
TG99, 4%
896,57
Q19,08
t0e9,. b4
16e7.80
1216.87

126E.04



WASHI®ST N WMEVROPOLITAN ARTA TRANSIY AUTMORIVY
COMYREACT wUMPEER }FCO12

F12 NORTY CUTECUND

wASHISETON, [aC.

EXCAVATING WFEN®S HOURS CUMULATIVE Hruer ACTUAL HCURS
CURULETIVE  JCeM HOURS SCIL SHIELD EQUIPHENT Zrazz z T H T=zr zzz
wEfR FEEY CoteELTIrN COWFICYINK CORRECYIGN CORRTCTION INTEGRAVION SUMMATION INTEERATION SUMMETION WELMS CUMULATIVE

H LR 1.00 W90 12.19 65 12.94 35.42 32.094 INes7 18.00 le.CO
H 39,70 108 9T 1Z.% «E8 10,20 30.28 £3.10 bL.BS IRLST 11.5C
M ar.ro J.ro o 12,18 bR 111.96 1iG.wn 1715.10 170,89 T4, 3D 15220
" 282,00 1408 =93 12.19 N1 1he.8% 14624 ¥21.99 31713 T840 231.60
5 L g l1.06 .85 12,19 ] 7C0.97 T3.32 192,96 18R.0% Tu.80 A0b. 4D
£ LR LRt 1.08 # 17 121° 6B In.5¢ LIS n2e .57 NZUu, 4] “1,30 JATLTD
? ®IraCo 1,01 ARG 1Z.19 ¥y 58.84% 8.8 wge, e 4B8I, 43 T1.80 a?%,50
£ Li%.C3 1,73 +BY 12.16 wb8 TT.01 T6.98 565,17 560 .42 %5.80 E21.30
® 63¢.70 1.04 76 1219 <68 2,41 20.u1 SRS, 19 580,83 44,70 56b.00
1c TLn.00 1.70 SR1 1219 rbb a8 ,46 LR L) 63u,25 629.28 62460 628,60
11 THY.0L 1.02 9 12¢1% 1] 19.13 19.13 657,38 GUF ) Yr.82 L7040
ie BIT. 0O 1.05 8% 12418 »56 47,68 §ThR 101,06 696,09 4R, 30 T18.7C
13 LR el 1.7y AR 12419 58 Y110 51.1u 152.2C 147,23 49,4 T67.8C
ia €57.00 1.1 -85 1z.1% bB £5.62 55.6P FLT.RA EQ2.51 uE,er £13.20C
15 wI® 1.0C A8 1Z2.19 «bE 16,92 16.92 %24, 80 619,83 19.00 sx2.20

WRSHINSTAN METROPCLITAN AREA TRANSIT AUTHORITY
CONTRAST NUMBER 1FQO12

FID NOSTH# INPOUND

YASHINGTAN, C.C.

EXCAVATING wEEN'S HOURS CymyLATIVE WOUPS
CUMDLATIVE DCWKk HOURS 503l SHILLD EQUIPMENT = T owarzz = H
WEENK TEETY CORSECTIG~ CORRECTION CORRECYION (ORRFCYION TNTEGRATION SUMMATION INMVYEGRATION SUPMETION WLEKS CURGLSEYIVE

1 3r.co 170 s 12.19 k8 LAY 5f,1¢ 56+ 78 “1.18 55.00 55450
N PTELLD 1-C0 .99 12.19 “Ea LAY 1] 185.%¢ fDELu2 19824 L2 10C, e
¥ L LTYN) r.ne el 12.19 .75 1c3,57 10%.79 309,99 130.0) 1,20 167,80
0 57,70 1.02 1e02 124319 o7 89,12 65,39 Xre.12 9.1 49,10 FLT-T ]
B 430,00 1+.08 AT 12.19 275 sR.NE 5,02 wa7,1m LITL LG $PLED INE a0
& UGB TU 1.0y N 12,19 # 75 25,04 Z5.1e “y2.22 HgZ.18 L4820 1020
t “21.TD 1Te7h R 1Z.1% .75 hn,eq yC.91? 51t.19 50%.35 51-50 uil.TN
“ 37,00 1.31 WRu 12419 «75 ER L84 58.5Y 571,73 51465 R;.2D 513,67
? Tie.0Q 10y Bt 12.39 <75 Sb . TN ALETA! 8P, 07 b T, w7 97.20 ETBOLT
17 AP, 1.02 «35 12a19% 75 T8.29 18,27 I ITR Ti6.24 67,70 bebo €D
bt 1.02 PLE 1Icel9 275 61,84 6L.A2 aga.2C Tee,51 SR.30 T2u,00
12 1e12 81 F2.19 75 19480 19.06 R27.86 ay7,73 FARS 14 LAAEE I
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WASHINEYAN METODPOLIYAN SAFA YRAAMSIT SUTHDRITY
COMTRACY NUMEER 1FGD3IZ

Fi® SQUTm QUYEDUND

wdSHINGTON, D,.Co

CUMUBLAT IVE GCeaN HOERS SO1L SHIELD
WEEK FEEY CCRRECTION CORRECTION COREECTIOW
¥ .0 1.12 I-19 12,19
z 2+.%0 1.05 1.1} . 312,19
3 47.50 .08 1.07 iz.1°
L] 19,02 1.0C .ot 12419
5 13%.50 i.10 91 3?.}9
t 195,00 110 9] 12419
14 ?217.C0 1.05 «82 12,19
. 3%, c0 1:13 «PB 32419
9 LR R Y] 1.01 «%0 12,1%
H) ax”,.50 1elt S0 12.19
1} w§2.00 .18 Il 12.1%
12 Str.0D .07 "t 12,19
13 $1°.02 1.08 # 75 12419
18 85500 .18 - 17 12.3°
= 6¥1,%2 1.11 +BE 12419
ie 36,00 1.33 a4 12.19
17 Flu,.50 1.01 «90 12419
1® a5F. A0 l1eru 0 1219
19 959,580 1.398 79 12.1%
23 1D9%,°00 1.0 +81 12.1%

WASHINGETAN WETROPOLITAN ARER TRANSTT AUTHORITY
COVIPACT NUMRLR 1FOD1Z

FIA SLUTw eyuTRAUND

KASHINSTON, D.C.

CUNULATIVE DOwN MQURS S01L SHIELD
wEER TEET CORRECTION COPRICTION CORRICTION
21 175%.00 1557 8] 12,19
22 1T&.00 JaNw 0 12.19
@Y juSe.p0 1.18 37 2.9
Za 1529,5) .03 +87 17.19
2. 18%r.00 1.02 «85 12.19

ERCAVATING
ECUIPHENT
CORKFCTIION

EXCAVAT NG
EQUIPMENT
CORRECYINN

Z%,7C
17.%8
26,27
wT.92
66,94
&8 .26
T3.%8
72.2%
56405
11413
1A.B9
1.5
¥3.4%
13.8C
29.%4
63.27
16.7)
45.%4
1G.%9

BY.TI

B3.88
64,79
€9.28
83.7p

82,01

21,99
3.8
2072
at.Te
sb.T17
sb.10
73.50
12,21
50.4%
11.13
18,489
51,.%0
98,53
13,60
29.08
63,21
ThaT2
45,13
tc.58

B31.70

83,84
LI
69,28
83.70

LF2 ]
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21.70

61,69
47,96
135.80
202.81
ee.07
LLFSY Y]
818,90
“Ti.18
nAZ,49
%034 3R
5%2.8%
80133
biu.91
bu0,81
0763
784. 38
629,69
200,29

%82.00

1065.89
1130.63
1199.%1
128382

1365,62

eH

21499
S&.50
85.72
135.98
200,24
266,82
1)19.92
N12.1¥
858457
k19.7D
498,59
28C. 1D
sSepL.=)
632.43
LR 23 31
TOR.P3
T83.54
226.88
B9T.48

278,16

INTEGRATION SUMWATEIOM INTEGRSTTON SUNMATION

1083.00
1127.7T8
1197,
1280.74

1367.76

KCTUAL MOURS

WECNS

b.6C
25,20

18.50

10.€C0
25,70
62.10
an, 10
1610
53.70
65.50
11.10
52.00
64,50

124,00

wENS

86,30
bb.50
bR.YS
BY. 40

84,70

cusyLatIvi

bub0
$1.00
&0, 30
21,30
132.80
180,20
r& Y
330.20
389,90
39%.90
825.60
LA S
LY 18
572,50
626,20
893.7C
789,40
821.4D

RAR, 9

1018470

CUMULATIVE

1103.03
116%9.5¢C
12%a.20
1321.67

1476, 30



WASHIARTPN PITROPOLITAN AKER YFANSTY AUTHORIVY
CONYRACT NUMBER 1FCLIC

F1% SGUTH INROUND

BASHIS I N, D,C.

EXCAVAYINE CUPULATIVE HQURsS
CuraLaYIVE  OfBN WAURS Lol SREIELD Ll Io™ENT 2 [
wECK TEET CCRRECTION CGRRECTICN CORRECTION CORRECTION 1

ACTUAL HOURS

108 SUMMATICN  WEFKS  CUMULATIVE

i 77.00 1.C0 L3 12.39 b8 93,73 LR L) 91,73 BE,9C 6%.C0 eNL 00
¢ 13°.00 1.10 7 12419 1) 69,37 69,11 163,11 156,01 73.9C 111,90
1 257.0D 1.00 T 12415 268 G358 93.29 256469 ?49.30 62,00 219.%C
4 199,00 1.0 81 12.1% b8 118.91 11868 *T5.59 367.98 T6.13 796,07
s Sb°.00 1.00 .82 12.19 b8 129.02 128.98 aCH,.62 u96,. 88 AS.60 3ap, 60
6 66 1.7 1.0 a7 -39 b8 63.11 A3s10 567473 £49,.58 Su, 40 Yre, O
7 237.C0 1.3 <RC 12419 b 97,54 97,50 665,76 e57.ub 8,00 519,00
3 9hU.3D 1.0% » R0 12,19 «bS 108.82 138,27 T13.89 Tes . RS 89.20 478, 2%
9 1114,00 1.00 « 79 12419 b3 9L .80 9L.58 RE9 29 LIS R ] 97.CD ™e.2"
17 1297.00 108 «R3 12419 »RE BR. 71 84,170 95a,01 LT PR $1.0C T6.20
PR S .0 P o} 1.01 93 1219 .68 a}.1s LERS ¥ ] 1015.20 i027.32 83.10 RAT6»S5C
1 4 1uB*c.00 31.79 “h7 il.10 wt B 17,98 TT.98 1113.1% 1160%.30 73,40 5u9,90
13 1%8>.00 3.0n «RE 12419 (123 LAFS ] €3.37 117633 P16A .63 T30 1r#0.27
v 1850,C37 192 -1 12.17 266 a5.81 wS.n1 1221.92 12ib.04 62,10 1CA2,5¢C

wASHINGTAN NFTOOPOLITAN ARTCA TRANSIY AUTHORITY
CCNTPACT NUMBER 20009}

D=9 SQUTS INRDUNP

WASHINGT N, 0.C.

EXTAVATING WEEX*S HOURS CUMULATIVE HGURS ACTUBL HOURYS
CUSIILATIVE  DOwN YOUAS SAIL SHIELD ECUIPRENT zzz = = T = z B =z B B
WLEA TEET CORRECTION CORRCCTION CORRECTION CORRECTION INTEGRATION SJUMMATION INTEGRATIDN SUMMATEION WFERS CUMGLATIVE
1 2°.30 1.02 75 11.80 «827 12.8] 65.98 12481 65.28 Su.75 Sy, 7%
c 11790 Telu 73 1beud B2 143,36 1ud.bl 21617 206,49 105,00 198.7¢
3 217,99 1.0 2B2 11.80 .82 157,07 156,71 I73.45 Yb3.T Ht‘.}! H R
a 35790 1.09 w79 11,00 22 iz, 112.57 HEh LS §TR,TY 104,20 WpTLlR
< 379,92 1.07 o 7H 11,82 LT3 9117 .11 577.581 Sp6.r8 9%.00 P10, 08
b 5J31.90 1,07 « TS 11.82 92 137.9% 137.90 TiG.44 T0N.68 11n.00 t20.0CF
7 437,90 1.08 W75 P1a.4C B2 IS LRSS 110,72 830.2% 619,44} 1in.00 1.0k
R 559,932 3.00 75 R R 82 BA.42 BB.0Q 918,83 Q07,8 1a7.00 FITLGR
9 722,90 1.12 W75 1l.uo A2 26.00 26400 945,06 ¥y Ty In.cI 267.LF
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Appendix A-4

Total downtime hours for each data set of each tunnel are calculated

from equation (6.4).
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“Av A4EA WAPIQ YORNSIY DISURICY
CONTRACT NUMBE® 1mOD3Y

R TUNNEL - 24YH TD RANDRLL STREET
SN FRANFISCD, CALIFORNIRA

LCUTPFENT/ CALCULATED ACTUAL
CuMyLhYIVF SOfL CISTANCE DOWN HOURS GOWN MOURS
wEER “Lev COSRECTION CORRECTION wfEx*5 CUMULATIVE WEEK®S CUMULATIVE
1 12.00 2+21% 22+1E 3431 LRRE «a0 «3D
? 47.5C 2.21 22.1°% Teib iD.ue T5C Te5D
3 "35,00 221 21.98 ap,97 S1.4) 16.50 18.00
L) t32.50 2421 2165 20.9% 72,082 19,00 9T.00
5 £52.%L 2.47 21.17 50470 123,12 900 iNe.00
) ~80.00 2442 20,54 28.50 151.82 22.00 128,00
7 RZ5.00 2.8% 19.97 37.20 188.82 66,50 194,50
8 1785,00 2,85 19.Cw 81402 252.%0 26,00 223.5C
< 1777.50 2461 17.68 b0«85 3tl1.29 26,50 2e7.00
10 ¥*02.50 2.b1 it.62 26,45 337.73 34.00 2R).00
it 1457,50 2.6} 15,91 29,02 366,75 4¥3.cCn 326,00
iz 1750,00 2,61 15.05% Iu,.ce 402,94 c.oe 35¢.00
12 IRe0. 00 .21 1u, 32 22480 422 6N &5.%0 425,50
iy 2r50.03 324 13.8¢ 19.0% a4 l.68 g.0N 433,50
1% 2700.13 J.z21 13.00 Y, 3a LR 3r. 580 “67.00
1 2%57.5C 3.21 1Z.04 4e a9 53395 k.20 5P5.00
17 2°57450 Ya21 i1.02 a7.88 S81.8% 25,00 S1C.00
18 Jiez.sa 2484 {Ce18 31,92 513.TH 2.0 550.00
i9 Ivag,co 2.84 955 29.D3 542478 31.50 SM1.50
20 3%597,t0 Tou? 9.C2 TAL1T 120.9% Iba5D &0A8.0D

EAY ARLA RAPID YRANSIT DISTYRICT
CONMTRACT NUMBER 1MOD3

MR TURMEL - PATN YO RAMDALL STRETT
SAN FAANCISCC, CALIFOANTS

EQUIPMENT S CALCULATED ACTUAL
CUmnL T IvF $7IL DISTANCE QOWN HOURS COWN HOURS
WEEX FEST CORRECTION CORRECTION WEEK'S CUMULATIVE WEENM®S CuMULATIVE
21 3855,170 2.B4 8.6} 28450 149,35 2%.5¢C 633,50
ol w102,%0 24E0 9.3u 26443 T15.18 28,80 662.C0
A 497,90 2.084 8,22 2D.52 TR6. 30 Jr.00 699.30
2w “*45,00 2,84 p.20 Y.98 B01.28 79.3D T?8.00
8 wuze, 3 1.8% 8.2C0 ti.18 812.86, 1b.57 79450

Appendix A-4. Calculation of Downtime Hours.
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SAY AREA RAPID TRAKSIT ODISTRICY
CONTRALT NUMBEPR imO03%

ML TUNNEL - 24FH TO RANDALL STREET
SAN FRANTISCO, CALIFORNIA

EQUIPMENT Y CaLcuLaTED ACTUAL
CumiiL AT IVE SOIL PISTANCE OOdN HOUARS nOwy HOURS
WLER FEEY CONRECTION CORRECTIDN WwIEK®S CUMYLATIVE WEEK'S CyMyLATIVE
1 20,00 2.2% 2218 Nead a.a} o850 LY 1
2 $Z450 2,2} 22415 7,18 11.57 5.5C 13.00
3 175,20 2e21 22,03 6,81 IB. 39 a4,%0 $T.50
a 735,20 2.21 21.72 34,56 T2.95 n.an AR .50
5 555,00 2.8 21418 50.568 123.85 TeO 95.50
] 92,50 2.85 20.30 81,96 185258 19,50 118,00
? 1162.%3 2.0% 18.9% 90.02 2715.+80 B.0C 122.00
8 1750.00 2461 17455 18,73 3i6,33 17.50 139,51
9 1987,50 2461 16,73 27.08 34k.00 15.0¢0 158,50
30 1515.50 2.01 16.33 S.28 Iug.61 110.00 284,50
it 1895.70 2.61 15.7m 33,43 387.11 35.5~ 3no.00
i? i®70,00 2.8} 18,93 30.69 410.80 21,07 3?1.20
33 1035%.00 1.23 15,33 13,u8 a24.2% Gh.20 JAp.00
HY 1087.%0 J.2% 1%.97 4.5% az2r.Bu 92,50 NRC .50
15 2362,%0 .21 1Y.513 In, 29 wed.t2 54,00 54,50
i 2895.00 3.2% 12.48 §9.89 $23.32  16.30 $%1.0C
17 2F17,.52 3.2} Li«t} 13.8% 536.91 63.50 418,50
19 Z7BT.%0 1.23 11,11 33,78 5TN.6% 19.0C 633.50
19 378c.na 24810 1033 .63 BCS 29 26,50 560,00
i Ives. 00 2408 by 25,30 638,60 24450 6AR .50

A8Y AREA RAPID TRANSIT QISTYAECY
CONTRAZY NUMRER 1MDQY)

ML TUNNEL - 24THM TC CANDSLL STREFT
SAN FRANTIICO, CALIFORWIA

CRULITIVE  sonL CRTSTawer. Goin mours vouk auRs
sEEN FEET CORRECTION CORRECTION WwEEK®S CUMULATIVE WEEW®S  CUMULATIVE
21 113,00 2.b61 917 2881 $59,8) 27,.5¢C 112.00
22 37w&,. 00 T.07 F.T2 B3.56 142.97 2%.00 137,00
23 $120.70 2.6% 8.3 39T I1T.Te 18.00 1%3.00
24 w28r,00 ZeBW B.22 16.83 T9u.5¢ 12,50 T65,%0
25 even, o 31.85 8,20 1%.63 £10,213 11.CO T7645D

Appendix A-4 (continued)
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GAY ARCA RAPIO TOANSYT DISYRIC?
CONTRACT NUMBER 1RUUSS

RR/RL TUNNELS

BEQWELEY, CALIFORNTA

LQUIPMENT/ LALCULATED ACYUML
CUatLATIVE STIL DISTANCT OOWN KOURS DOMN HOURS
wEEK FEET CORRECTIoN CORRECTION wOEM®*S  CUMULATIVE WEEM'S CUMULATIVE
1 28.80 2.3% 2.ohu 252 .52 12.00 12.00
? se.a0 2438 .04 14862 7434 s00 12480
x 163.0p 2.38 2.uz 1.80 v.DY 2,00 14,00
Ll ?12.190 2.38 2.4} 1e27 Se3? 9,00 ?3.00
s 268,70 2.3° Z.40 1.38 babd 4,00 29.00
6 720.00 2,34 2.38 1.83 5.08 1.00 1a.00
7 T61,n0 2438 .37 1419 .27 40,00 10.20
M aky. o0 2.3F 2.4 191 11,48 2,00 T2.22
s «2%,00 2:38 231 214 13,32 «ce 1z.00
1a 616.00 Z:38 2,28 2.13 1545 2.00 14,00
11 TiZ.G0 2432 2.2 2.3 17.75 %,00 B3.CC
12 771.00 2.8 2.0r 1.40 19.15 A1 Fe,00
11 F62.00 2,38 2.17 2.12 21,27 1.00 £8,30
19 244,00 2,38 2.12 1.87 2314 7.00 ©5,30
s 1016,03 1.31 2.98 .88 24407 21.00 116.230
ie 1799.00 1.71 2.04 1.00 25.02 1.00 117.00
17 1157.00 1.0 7.00 «68 Z5.7¢ 2.0C 119.00
1R 1r25.00 1.7t 1,97 PO 2680 «a0 119.a8
1y 1790.00 1.52 1.9 .80 27.3% v 119.30
2n 177,00 1.52 1.89 i-09 Z2B.%5 1.0C 120.00

RAY AREX RAPTD TPAMSIT DISTRICT
CONTRACT WUNRER JRDOSY

PRIRL TuwmlLs

BULRKILEY, CaLIFOPNTA

e _sen S gowne o
(Y943 FLEY CORREC!IgoN CORRECTION NELK*S CUMULATIVE WEEX*S CLUMULATIVE
21 159,80 1.52 T 1.ea 1.07 29,52 1.00 121.00
ez 1a7u,00 1,52 181 .19 29,71 .00 121.00
23 1679.00 1.52 1.8 .08 29417 «00 121.00
2u 1%98.Cp 5.20 1.77 LY 1Y 34,713 5.00 126.00
25 1872.C0 5e 20 T2 z.98 IT &y 2+90 128,00
28 ir12,00 $.20 1.4b 5.37 ay,ae 1.00 129.00
z7 1943.0) 5.20 1.59 n. 98 58.07 a.or 137.00
2m 789,00 5.2¢ 1.53 4,15 52,18 17.00 154,00
2% 21%v.ro 5.20 Towe “.0 86498 2.00 196430
12 29,00 5.20 1e8C “aZs v1.22 A.00 feu.10
31 28,00 S.20 1.24 62,98 51.0p 215.00
32 2982.00 1,52 -8 £3.32 y.0n 21a8.00
3x 2%ub, 1) 1.52 1,29 .14 LI 1Y «.0r 222.00
34 2r8c. 00 1.52 1,28 .89 &n.98 [y 2%.00
15 2746.D2 152 1.72 .80 85,78 .0 223.a0
36 Z=16.00 1.82 1,19 .52 56,28 a3,00 266.00
Ak} 2ra8,03 r.52 to1e 82 66,90 z.00 284,00
38 ?eCcI.c0 Y 1413 .12 67,01 .00 288,00
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BAY ARTA RAPIQ YRANSIT DISTRICT

CONTRALY NUMBE
TR OTUNVEL
CSAN FRANCISCH,

CUmELATIY
wEFX FEEY

1 u7.u3
2 19U .73
3 LY ek
L} SthaRS
k3 Lok, TH
b E5h .90
1 RSNV
A 1353,
Q 1962.721
i 115,69
i1 15504l

B 180911

CALIFCRNTR

r S01L
CeRRECTY

. T8
2421
2.21
LEL R

7.85%

ESUIPWENT,
FISTANCE

g™ CORRECTIan wEEX'S

FS.1L
LERLL]

Jc.le

Zbelh
8,58

23,12

FAY ARLA REQTL TRANSIY OISTAICY

CONTRACT NURBER
TL FURNEL
SAW FRINTISLN, €

Cumir atIyr

REEX TEfY
1 Wae T8
2 137,34
3 ALY $1
u upv. 43
¢ L2941
[ 026.69
7 1Sk, Un
R PR PR S |
g tehlats
1 1P1baoy
13 1751:09

1SCOY¥L

ALIFCRY]S

salL

ECUTPRENT/
PLISTance

16.

27.

ca
Do

36

67

LCULATED
WN HOURS

4
LOowN

CUMULATIVE WEEW*®S

16.96
44.613

55.11

28,56
112.68

125.30

CALCULATED
D0WM HOURS

LORRECTIDN CORRECTIM WEEN*S

2,35

Jo7T

T.8V

T.89

12,80
278
12.59

5.%1

6417

LAY ARTa RAPID YRANSIT DISTRICY

CONTRALCY NUMPER |
SR TUNNEL
SAN FHANCEISCO, €A

CUMIFL B Y THE

sEEN TELY
1 4H2.%0
2 165.13
3 t12.63
“ 125,01
5 2gR.9]
L CSR,. TS
7 839, %2
8 it31.61
< 1236, 30
11 1%15.75
1] IT52.94

50014
LIFORNEA

3
seIL

221
3,73

3258

4017
2+21
2426
2421

2.21

CUPmERTS
CISYAWCE

19.03
18,92
1P, 78
BelGly
be%2
6415
Sa94
5-68
539
Sell

LEYL]

20.37
19.53
21.56
t0.Co
Il.34
13.28
12.82
15.5¢
13.19
16,81

6.93

CumuLaTivE

20.37
Je.90
bl.&7
T1.53
B2.87
95,95
108,78
120,14
3137.53
154.135

163,28

CALCULATED
DowN HOURS
CORRECTION CORRECTYION WwEEXK*S

a,au

33.B0

15.18
Tu,58
20,80
1088
1128

o112

CusuLATIvE

8.0%
N1.04
5C.T1
t1.26
T6.ue
101,02
121.62
132.%8
193,78
152485

15A,63
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CriaL
HOURS
CURULATIVE

1.0¢ 1.00
1,5¢ .58
Jubl T.98
3.7a 11.72
LT A.21
LT D] 96,70
12.92 SP.02
10.1¢ 69,81

«0C 49,81
1%.2% 85.08
1617 °6,23

agtuaL

DOWN HOURS™

WECK®S CuMULATIVE
LRY 1] 8,40
GpY 11.23
.91 1140
1.00 luala
175 15.8%
44BE 22417

IN,9} IT.bE

jl.sp Sl.08

2b.0E TTelt

1.00 TB.8

297 A1.08
ACTUAL

DGwN HOUFS
WEER®S  CUMULATIVE

21,83

.17

567
Re27
Is.00
28469
N7
~on

12.50

21.81
74,00
26.5%
YoaTe
a2.43
t1.70
b5.TD
o4,3%
94.81
94,8}

107.31



BAY AREA WAPID TRARSIT BISTRICY
COXTRACY HURBER 150011

SL TURREL

SAM FRANCISCD, CALIFORNIA

EQUIPRENT/ CALCULATED ACTUAL
CURULATIVE SoIL DISTANCE QD¥N HOURS DOWN HOURS
MEEK FEEY CORRECTION COMMECTION WEEK'S CUNULATIVE WEEX*'S CumvLaTIvVE
1 29.9% 221 118,02 2.02 2.02 .00 00
2 109.53 T.0¢ 118:43 19.12 21.15 .50 «50
X 209 .08 T.89 113,40 23.83 44.98 €.75 7.25%
L} 326.%5 T.8% 112,31 27.70 72.68 31.50 1075
5 IN6. 93 7,09 111.03% 131.98 B86.66 8.00 18.75
& 525.8) 7.89 109.39 31,89 118,55 8.75 27.50
) 539.2) 2.21 107.01 7.12 125.67 9,41 Jbe91
L} T96.72 2.21 104,16 9.63 135.30 5.75 N2.86
L] 851,81 2.21 1D1.75 3.28 138.58 4.00 lﬁ.tﬂ
10 981.2% 2.21 99.58 7.57 146.15 25.42 7Z2.08
11 1116.09 T.09 96.25 27.24 173.40 22.08 LARY Y )
12 1295. 7% 2221 92.20 9.72 183.12 6€.41 100.57
is 1857.88 2.21 13l.91 12.50 195.62 28.89 129 .00
i 156517 Z.21 .17 5.30 200.93 5.31 138,79

BAY RREA RAPIO TRANSIY QISTHICY
COMTRACT NURBER 1300544

SL TUNNEL - MARKEY STREET

SAN FRANCISCO, CALIFOANIA

EQUIPWENT CALCULATED acvuat
CURMULATIVE 011 OISYANCE DOWM HOURS OOWN HOURS

WEEK FEET CORRECTION CORRECTYON WEEN®S CUMULATIVE WEEX®S CUMULATIVE
1 85.00 Z.85 130.53 5.18 5.18 3.67 Jon7T
2z 152.50 J.23 129.95 7.55 12.73 17.78 2145
3 220.00 2.51 129.18 5.91 18.54 17.14 38.59
L} 280.00 2.21 128.29 4.52 23,96 3.58 LF 2T R
k] 350.00 221 127.20 §.23 28.29 2.08 84,25
[ a57.20 2.51 125.71 8.98 37.27 L0,1% Sv.az
7 Sea.t0 Z.23% 123.5% 780 45.07 6.32 [1: P94 )
L] 68%,.70D 2.21 120.95 6.87 53.94 11.68 T2.42
L4 729.70 2.21 118.7a 2.79 56.74 7.01 19.83

FAY AREA RAPID TRANSIT

CONTRAZY NUMREP (802514

® TUSYEL ~ wAPKFT STREET

SBw FRANCISCO, CALIFORNIa

COMMLATIVE  seru DYSiMTE ooveonouss bouN HoURs

“EEK FEET CORRECTION CORRECTION WCEK'S CUMULATIVE WEEN®S CUMULATIVE
i FRETTS 3.67 319.7% 7‘.03 7.03 Rily »00
z [P 1Y N.i? 316,85 23.89 30,92 TaSC0 T450
3 137.54 .32 317.58 2:.96 52.88 10,32 17.83
4 150, 24 2.2) 73.02 2.28 55.14 2433 20.14
* 277.ub S.18 12.50 9.0& 64.20 9e1% 2%.31
[ LR “,17 Tiebt 8.55 72.75 17.20 86.5%
H 87T up 2421 10«82 3.81 76.58 5042 %2.5%
3 S6u. 96 2.2 6% 58 1.57 89,15 7.3 59,35
° ABT.kb 3.2 58.29 7.19 47,34 9017 BR.52
1o 13996 5.23 61,25 1.30 88.65 11.78 80.27
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UPOEL® SALY CPEEW n}
CONYRACT NUMREFP HE-4CY~-2S
CHICALO, ILLINOIS

LOQUIPPENT/ CALCULATED ACTUAL
CUMDLATIVE arjL DISTANCE DCMN HOURS DOhVN HOWRS .
WEEK FEET CTQRRECTION CORRECTION WEEK'S CUMULATIVE WEEX®S CUMULATIVE
1 2u.0C 10445 RaZt 4.81 2,81 R.0OC 8,00
2 3.0 f.ub .29 258 T«35 2e.on 36.00
3 15c,00 P8 ue24% 16,52 23.97 b.0M 4z2.00
L} 210.00 3.58 LETS1 S5.4n AL 28.00 86,00
s F)u,"D 3.5F .1 .27 29.68 .30 T1.00
6 fu7.00 12-82 4.18 6.76 3b.ua 36.00 icv.0C
1 T85.00 2265 Be37 1ald 37.58 12.07 11e.00
a 755.100 2485 uelé .98 18.5) 8,00 iz7.00
9 158.00 2-99 LS L] k.12 @2.55 2G.00 147,30
‘10 240.C0 5.58 9,10 I.ne 46.0% 21,00 188.C0
131 £50.00 J«S8 .03 11.70 57,79 4.00 176,00
17 TGk« C0 3.59 1.92 T34 €512 2Y.nr 1°5%.30
12 €38.00 3.58 TeB? Beln T3.27 18,20 2371.00
1a 1rss.co 3.3 .65 1525 .52 ;.00 229,30
H 1762.CC 2480 Jaug 10.6¢ 9918 12.ac 2a1.00
is 1ases.00 3,38 3.22 .10 104,20 27.50 268,50
17 1%10.00 9.7 Ialk 18,31 122.58 79.5C 25p.00
1e 1°30,20 71.04 3.11 &.C8 i28.6b “.00 joz.00
19 1585.01 9TB X.D8 T.5% 13626 k.50 31056
e 1€8h.C0 12441 3.01 1387 150413 17,00 323.50
UPPER SALT CREEX 81
CDNTRACT NURGBESN s8-w04-2%
CHICALC, JLLINMTS
EQUJIFMENT CALCULATED MCTUAL
CuMiLATIVE SOIL DISTANCE DOWN MOURS DOMN HOURS
WEEK TLETY CORPECTION CORRECTIDN WwEEK'S CUMULATIVE WFEK*S CUMULATIVE
21 1r22.00 511 2.90 i0.28 160,40 i1.5¢0 3%5.50
2?2 2Ta2.29 3.7 227TH T+00 16TeNb 13.00 3ap.00
27 2778, 0G 12475 Z.h3 131.03 178,09 18,00 362,00
kL] 2739, Ta iD.2¢ 2+53 19,17 197.68 T.00 36%.00
25 2?27u.C0 10.28 2.95 3.96 201.62 25.00 3%a.00
2é 2738.C0 Fonp 2eu}g b.58 208,18 21.00 415,00
2? 2T1*,00 Feup Tedy 17.28 225 .48 16,00 431,090
2" 2m33.00 7.87 2,34 29428 ZuReT2 $,00 436.00
2 31Tal.20 3.58 ¥.98 Geb¥ 258.3% 11,00 4n?.00
L1 3%e.50 FAT 3] l1.0% 6. TN 763.10 it.00 4Se.00
1 425,710 12.5% 1.73 27.02 290,32 12.00 471,00
32 3es53.00 2455 l.85 4,32 294,04 te.00 490.00
3 479,480 268 1259 Tede 301,56 -0 450 .00
da 445,00 4.99 1.87 T.b2 X0%9.18 16400 50e.00
3t 4TZS.00 10.19 1.59 20.35 329,53 6.00 512.00
3 4°77.C2 Foul 1,82 10«n% 34002 160,50 526450
3 5117.00 2285 1.70 6«08 LLTTS B il.00 537.5¢0
3h 5a51.00 2465 1.R8 6. 74 352.85 13,00 55050
19 5881.00 Ze85 2.17 10.3% 35318 %.00 558,50
4 b167.70 Geut 2.86 12445 I95.68 16.5C £72.00
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UPPED SALY CRElN #y
CONTRACT NLUARER hB-aJ4-28
THILALD, ILLINDIS

€QuUIPMENTZ CALCULATID ACTUAL
CUMULAT IV s01L DISTANCE CO¥N HOURS DOWN HOURS
VEEK FEET CORPELTION CORRECTION WEEK*S  CUMULATIVE WEEK'S CUMULATIVE
e} 67185.°0 9x21 LIS B 4 23,37 419,01 19.30 %01.00
82 545,00 9.21 3.56 16,77 433,71 20.40 611.00
V3 893,20 9.21 3.81 T.58 wal,35 2%.00 634,00
[ Br1o.rC ?.78 3.94 4,52 4u5.87 27.00 661.00
L) 856500 9.21 9,08 T.78 W53,8% 20.00 sR1.00
[ b663.00 9,21 .38 17.81 LA TS 15.00 695,00
uy 482%,00 9.21 S«02 33.7% 505.21 12,00 7C8.GO
LY} Trys.en 2ebT 6.8 18,30 S23.51 6.0 T14.00
UPFER SALT CREEK #7
COATRACY NUMBER £B-405-2%
CHICAGN, JLLINOTS
LEUIPWENT/ CALCULATED ACTUAL
CUmULATIVE so1L DISTANCE DOWN HOURS DOWN MAURS
xEEK TEET CCRPELTION CORRECTIAN WEEKSS CURULATIYE WEEN®S CUMULATIVE
1 4b.0G 2,65 W31 ST #17 £00 .00
H 85.0D 2,88 «31 «08 25 .00 «00
1 172,60 2465 o1 1 .63 16.0C 16.00
4 165.00 Z.bt Q.80 11ert V1.7% 5,00 21.00
5 o300 2.81 el LI PTY 81,96 R. 00 2%.00
€ 112208 2489 3.18 7,16 49,12 26.DC 55.00
14 1e7Y.00 1641y Jauz 116,42 1AS . 5N 26,07 A1.DD
1 1269400 .86 3.03 13.80 199,40 28,00 10%.00
¥ 2TR6.TD 2,73 2,469 Jes38 215.78 17.00 126.00
13 10e.00 2455 .75 18.00 231.80 9.30 13%.00
11 3130.1M2 1.57 2.07 1.49 733.29 11.07 188,00
1z JRECLTD 1,57 1.Re 1.52 2u0. 81 £.00 151.00
11 U"g1.C0 2.90 1471 918 249.99 11.00 trc.o0
1% YEGH.TD 2485 1ab6 10.17 260,16 #,00 176,00
3% %Q772.03 1170 1.2 33434 293.50 15.0¢ 193,00
1. 5%1%.G0 BLuk 1.°5 26,93 120.42 ic.or 203.00
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UPPEF SALT COEEW »3
CONTAALT WNUMBER B8~4D6-25
CHICALT, ILLINAIS

EQUIPHENT CALLULATID ACTUAL
CUMBLATIVE 01t DISTANCC [OWN HOURS DOKN HOURS
“EER FEET CCARECTION COPRECTION WEEK®S  CUMULATIVE WFEM'S  CUMULATIVE
1 2c.90 2465 <36 .39 .09 3n,.or 10.00
» tyn,ro 1.58 5452 T.48 7.58 12.00 52.00
3 760,00 11.01 .21 26.LE 33a66 fc«0p 52.00
u 188,00 3.58 s.38 10,32 44,06 17.0¢C 59,00
5 X2h.00 3.58 5,28 1178 55.84 9.00 78.00
& 678,00 7499 LI 10452 66430 1.00 79400
1 P42.C0 10405 4,98 36493 103,38 c.0r 88,00
a 1110.50 3.21 4,73 18,69 122.0% 8.00 82.00
n 1730.00 10458 4.0 25.69 INY.T3 26.CC 118.00
1c 1737,00 94127 EP M 15.0% 162.77 27,00 15,00
31 1817,00 Zub 1.25 3.0% 365,87 z3.00 163,00
17 1€81.00 2.85 3.3 6.17 171.99 9450 1717.50
13 178100 2.6% 2498 7.05 179.34 FaOC 125,50
1e 189%.00 2.8% 2.81 318 182.19 1720 197.5C
1% 215%.c0 2485 Y 8.19 199,99 3.00 2ra.5D
16 2811,20 2,65 2440 8. .27 200.25% .o 20050
11 2729.10 Z.b% Z.19 b.57 206.62 1,00 Z13.50
1R Ir29.20 4,03 2.01 10.95% 217,11 5,50 21%.0C
15 370%.00 3,48 teRe T.us 228.72 s.Cp 228.30
20 Je85.r0 2,85 1.72 r.72 232,94 2.00 210.00
UFFER S&LT CRLEN a2
CONTRACT NUMEBER 6B-8CB-2%
CHICAGD, ILLINOIS
cumvLaTIVE  solL  D3iramtE’ Soun kOuRS bowN HOURS
wlER FELY LORRECTION CORRECTION WELK®S  CUMULATINE WEEN®S CUmULATIVE
21 Im97.10 2.8 1.68 LYY 2317.08 18.0C 246,00
22 a797.00 2.3 1,59 7,58 284,80 $.00 709,00
23 45pS.rD 265 1.58 Sen) 250405 1.5n0 250450
2u q4T26.00 .85 1460 2.89 252.74 16,00 266.50
5 a90€, co Z2.92 1et2 1aup 254,15 2%.00 291 .50
HS 4T 00 .24 1.65 4.0¢ 25%8.20 8,00 299450
27 5768.C0 2.65 1,70 6.08 268,77 T.ro n02.5C
28 5TB2.00 2,865 1493 T.28 271,83 .50 306.00
2¢ §P38.00 3.31 2.7c 8,42 279,95 9.00 315.00
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®ASHIRGINAN METROPOLITAN

CONTRALT NUMBRER
F22 PENTAGON QUTAQUND
WASHINGYPN, D.C

WEENK

'

n

WASHINGTNN mETROPOLITAN ARCA TRANSIT AUTHORITY

CUMisLAT IVE
FEEY
67D
13,19
raB.ra
139,50
AT
fLT.8)
£10.28
r02.02
“35,57
197,12
1780, 7%

EBQA. 25

1F2Q21

sogL

se20
5.20
7.89
127
BeZ}
Be21
$420
itala
8,21
8.21
B.21

8.21

CONTRACT NMUMBER 1FDOQ1
F2A PENTAGON [NEOUND
MASHINGTIDN, D.C.

»[ER

CUNOLAY IVE
TEEY

3o.28
al.ed
58,89
B8, 34
160,30
15B.eU
PHPL Y
>89, 30
TIg.4n
883,10
LR ALY
rie.ol
QC9s19
1713,26
1THD.4Y
1782, 94
1149,3%
1719.82

1%11.19

serL

EQUIPMENT/
DISTANCE

165

185

1.52
1.u8

taug

EQL IPMENT/
DISTANCE

BFFA TRANSIT AUTHORITY

CaLCuLRtLe
OOWN HOURS
CORRECTION CORRECTION wEEX*S

CUMULATIVE

2459 2459
1.718 L 24
10,33 14,30
LRY 31 19,14
12449 J1.b1
1.0 34,73
-C9 Iu.82
10.19 94,95
.31 S2.2¢8
13,72 66.0]
1w.25 Bl.26
8] Bl.07
CALCULATED
OOWN HODURS

CORRECTION CORRECTION MEEK®S

T.b%

145

1,88
1.42

1,39

1.5%2
2,38
1ewb
1.89

1455

11.06

- 16,72

.40

$.3%
16430

17.38

CURMULATIVE

11.07
12,08
21,12
4a.97
T2.40
83.87
9".19’
9559
95.72
10134
111,41

138,79

Appendix A-4 (continued)

A-67

ACTUAL
DOWN MHDURS
WEEK'S  CuMULATIVE
1T.D1! 10,01
ba12 16,73
BeB2 25.5%
LY L .90
7 0,57
3416 FT.78
25 ¥T.58
11.38 19,33
16.9% he,28
i0.58 Y06
IuaT8 91.60
.58 92,18
ACTUAL
DOWN HOURS
MEEK*S CumbDLAYIVE
«00 <00
«-00 +on
«39 «B9
1 39 Y] 245
31.00 Hekq
2.87 B.29
"4.50 12,19
z.80 19.59
a7 22.83
2.n0 24,8}
6.58 11,39
2108 T2 eah
a. OB L.52
16.95 T3t
Na9S 78 w2
9.7Y BE 1S
1.06 B9 .15
2450 165
32.87 128412
0,50 132,12
11.10 184,82



SASHIKETON METROPOLITAN AREA TRANSTT AUTHORIYY
CONIRACT NUMEER 1FCDZ1

F23 BRANTH RCUIC QUIRCUND

WESHINSTON, BuCs

LOUIPMHENTY CALCULATED ACTUAL
CURLLA Y I¥E solL CISTANCE QOWN HQURS DOWN HMOURS
wEER FEETY CORPECYION CORRECTICN MEEK®S CUMULATIVE WEEK*S CUPULATIVE

1 85,89 basbh 1.65 3.4% ALY 2e42 2.82
2 e 92 T.i4 leb4 Te20 10465 16,43 21.2%
1 133, A T+Bu 12632 1.57 12.22 leu2 22467
q 53,78 T30 1.¢82 168 1Y.28 «an 22.01
b a5t . e0 8l 1.60 11,689 25,18 12,00 Tu,b7
& AI0,TT b-!'? 1488 T«386 32.5% S.0% 32,50
7 ® 76,31 7.84 1289 1328 45,82 h.<8 nt1,J8
L] 176%. 24 T.B4 1.82 B.55 Ru.77 24,0t Ti.1}
9 1767.17 a8 IV 1h.88 69,63 12.50 BYsb1
it 1640,07 TanT 1.71 11478 B1.39 .97 in4,s3
181 1°371.83 610 1ol 10.9% $Z.38 4Ge2% 1%4.18
17 27u2.09 e84 1.01 1155 10393 1T.06 162 .4¥
154 281402 767 92 10415 11%.08 2.92 165,218
1a 2913140 .99 A2 R.54 118,62 1,68 182,07
1% 2°61.8C 4.07 o159 .75 F1%.37 ite2° 123,27
it 293820 3.LC a1 TR 12C.1 % 13.7¢ 287,02

WASHINGYPN METROPOLITAN 2GFA TRANSIT AUTHORITY
CONYRACY NUMARER MFCO2)

F25 BRINTH ROUTE IMECURD

WASHINGTON, DJC,

EQUIPMENTY CALCULATED ACTUAL
CumnL BT YVl soTL NISTANCE DOMN HOURS 00WN HOURS
wEER FEET® CCRPECTI UM CORRECTIPN WEEK'S CUSULATIVE WEEK*Y CUMULATIVE
3 17.0 24.50 1.65 3.18 3,16 2.58 2+58
2 102.Ca 1272 1.65 8.01 11,37 1C.59 13T
h 139.31 Telr2 ety 1496 13,13 Re91 2Z.08
L] T27.55 B8l 1262 12.12 2%5.26 13.00 35.08
S €22.1% 5+13 1.5¢8 Tai2 32.39 12,25 “7.33
& tBT.CH 5.8 1453 5.8 IB.29 FsDR SEBeu}
7 S93.97 &.L% Tele 12.21 50.89 167 63.08
2 17EY, 40 8,69 1.3% 15,23 €5.72 Ss2? T2.25
9 15B1.63 13.18 1e24 22,10 BT.A2 10.75 a3.00
132 1679.86 9e9C 17 S«10 92.%2 B.18 F1.18
18] 1915.98 P53 113 1hs22 106,18 10+67 1031.85
12 213%.52 10«13 102 10245 118.59 11.5R I13.43
13 2791.57 PebT 9% 10.40 128.99 T.51 170 .94
in 2560,62 14,88 BB V.99 flu,.%a 12072 133.3%
15 2°95%,38 13.02 BB 134 136,33 LES L 137.70
i 2F85,01 Sa70 “RZ #.01 145,3% 13.53 151403
1T 2934,87 L7 TR 1.00 146474 1.83 153,00
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WASHIKGTIPN MCTROPOLITAN AREA YPANSIT AUTHORITY
CONIRACT wWUMRER IFDOR2

FiB NOPTW OUTHOUND

WASHTNET AN, DoC,

c LIS el
wEEK U'EEE:I'[ tO:gét'!DN EDRR[:V]UN REEX*S CURULATIVE WEEK*S CUMULATIVE
1 1R.00 .86 §.3% 1.71 1«71 .00 -00
2 3.0 9.88 4,73 1.99 3.70 6210 6430
3 180420 LEY:-13 8.5) 9451 13.23 1.70 7.80
L] ?82.0D 5.83 N2t 15.49 2%.12 16,60 24,80
S Tebs "D 5434 a.rt 6.50 IT.02 17.70 az.10
& R}8.00 312 .17 .08 80.67 2.2C 4,30
7 F00.C0 3,39 ¥.13 5.17 a5.84 8,20 52450
3 h05.00 3.8% 4,06 Te38 $3.23 .70 &0.20
9 +16.00 3.43 4,01 1.92 55418 12.30 T2.50
19 TG9.00 3.79 3.97 4.9 60.0% 3¢90 T¢.40
H 733.00 5.59 3,93 2437 B2+%b B.20 LLPY 3]
12 2G0.00 W29 T.8% 5.03 tT1.89 B.7C 97,30
18 “14.70 .29 3.FY 547 T2.97 Ts80 101.20
1n R5D. 0% h«T8 3.7 R ) 19.113 11,67 112.80
15 a75.70 4,86 I.T) 2,01 a1.18 -00 112,80

MASHINGTON METRQPOLITAN AREA TRANMSTT AUTHORITY
CONTRACT WUMRER tFCO12

Flt% NORTH INBDUNO

WASHINGTON, 0.C.

EQUTPMENT S CALCULATED ACTyAL
LUMLLATTVE s0iL DISYANCE UOWN HOURS DOWN HOURS
WEEN FEET CORRECTION CORRECTION WEEK*S CUMULATIVE WEEX*®S CUMULATIVE
i 32.70 4eb8 ®,33 2492 2.92 .00 1.30
2 115.00 5.0 .31 t3.90 16.82 beal Taul
3 788,00 4,68 1.90 LRRT ] 21.18 3.30 18.70
L] 53,30 T.2€ 1.P8 .00 25.78 Tab0 18.10
5 "ix, 00 6,89 e8¢ LEY 24 30,05 €,00 26410
b 846,00 7,38 §288 1.9¢ 32.%D 11.20 37,30
7 £21.00 T.0% 1.83 3.57 I5.%2 .70 ¥5.00
a2 tp2.00 T.0% t.a1 5.20 4i.18 3.80 NE.BD
9 Tig.Co 7.89 1.717 8,55 8973 3,30 52.10
12 ®50.00 T.E9 172 b.88 5658 l.k¢ 55.50
11 PeB.a0 6,34 1.68 470 b1.29 6ol 62,30
32 575.C0 (Y11 1.65 1.32 82.60 ¥.00 65.30
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WASHIKETIN METQOPOLLITAN AREA TRANSIT AUTHORITY

CONTRACT WUMBER 1FDOXZ
F18 SOoulH QUTBOUNDG
WASMNINSTAN, 0.T.

WEEH

CURULAT IVE
FEET

130,00
TeE N
271,00
T5Y.00
ui%.T0
a3C, 50
wy9.e0
“1C.c0
€149, 00
F96,00
£11.%

"as, g
FLA,SC
®58.,00
e50, 5D

iCts5.00

SolL

921
.13

Te17

3.3%
1.85
HelXt

Ne 36

EQUIPPMENT
DISTANCE

“,33
n,13
.33
Ne3Z
L 2%}
".78
4,25
LT $1
417
WelS
Helu
.11

4.07

CALCULATED
DOWMN KOURS
CORRECTION CQRRECTION WEEW®'S

NASHINGTAM MITPOPOLITAN ARER TPAMSIY BUBHORIVY
CONTRACYT NUMBRLR 1FOOI2
F1F SQUYR OUTROUND

BASHIKGYNK, [.Cs

wEER

23
2

zr

2*

Cumptative

FLEY

1709,00
VTas. 00
18d8.,0g0
1729.50

1S9 .00

SOFL

ECUIPNENT/

CrsSTancE

CORRECYION CORRTCTION WEEK®S

LN

LR}

LPY3)

a,bl

4.88

.35 1.3%
J.01 ., 3
2.2 6,60
¥.50 11.09
5437 36,47
5.72 22.20
5,31 27.53
5.5% 13.08
L LT JE.n0
L] 39,44
1.70 LEPS §)
4.b7 95.78
LYY SD.3%
1.19 51.58
2.87 54.05
5.20 9,25
71.08 66,533
3.a 69.73
5.90 TS5.48
9,24 85,88
CALCULATED
DONN MOURS
CURMULATIVE
8.6z 95,71
Y.08 100,77
6. TE §G7.5%
8,39 115.9%
8,81 124,75

CUMULATIVE ~ WEEK'S

Appendix A-4 (continued)
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ACTuAL
QOWN HOURS
CUMULATIVE
9,40 9,40
1880 24,20
5.50 29.10
2.00 31.70
1z.50 44,20
20,10 64,30
16,10 A0.80
24,90 105.30
11.80 117,10
5.00 123.10
5.30 128,80
T.a0 135,80
#.an 184,60
T.40 152.00
8,80 180,80
20,30 1R0 .80
%.80 190.60
18.00 2n8.8D
19,00 227.6D
11,20 234,80
ACTUAL
DOWN HOURS
WEER*S  CUMULATIVE
16,20 255.00
9.50 Z64.50
17,37 2R1 .60
12.10 293.%0
1C.B0 l0w,70



MASHINST N METPOPQLITAN AREA THAMSIT AUTHORITY
COMTRAZY NUMBEN IFCO:Z

F1% SCUTH INFQUAD

WESHINZTON, DL€

ECUIPMENT/ CALCULATED ACTUAL
CUNILATIVE SOl DISTANCE DOWN HOURS ODWN HOURS
wLEX FEEY CCLRECTICLN CORRECTICN mEEE®S CUMULATIVE WELX'S CUNULATIVE

H T2.C0 4,37 w,33 b.lW XS £ Ts80 T.50
z 116,00 LS L] a, 31 5.77 11.914 24,10 J1.6G
M ?52.00 1.6% .27 Teq2 19.84 .50 3t.c
[} YIE. 00 179 4.2% 1C.48 3T.32 °.30 ut.0D
< SbA.T0 3. 39 “,31 10.68 #1.01 1.99 4B.90
3 ‘o1.70 3,67 w,.gi 6: 17 K718 2.3C 5i.00
T F0Z.%T 3.8 raer 9.53 56,71 Le0p 55.0D
2 fpu. L 4.08 3.9 11,29 67.5¢ 4.30 50430
q Ptis.CC 3.73 ERY-L) Qat7 Tr.17 2.00C bZ.30
17 1747.C0 YauT 3.50 9.38 Bb.%% 1.00 5330
11 177600 4.3} 1.7 8,45 $5.00 3.0 sT.0C
1z 18L5.10 4.b1 .78 T.37 102437 lu. i Al.10
1? 1tp2.°C 4,54 S R 6,26 107 .63 n.7c 92-80
i4 esu,CC .54 .07 4.52 1313.15 4,20 97,00

WASHINGTAN METROPOLITAN ARE
CONTRACT NUMBES 1GEO9} & TRANSIT AUTHORITY

£~ SOUTH INBQUND
«aSHINGION, D.C.

L PO £ i sown HobEs
£ - GRRECTION WEEK®*S CURULATIVE WEER®*S CUMULAT IVE
H 28, CG Z.65 B.0C 2287 2487 1e2% 125
e 132.%0 2445 Te97 8.CY 10,74 12.ca 13.2%
X P1T.%0 2.88 Te9) 10,76 2150 B.17 21042
Q Gr.ae 2T T.04 8.c8 29.5%% 24.00 a5.42
S *1E, 50 2465 TaT8 T.2} 36749 lh:dﬂ §9.42
6 £31.%0 2.6% T.84 31.20 at,.e5 25,00 Ruag
T AL7,SD 2.8% .50 en? 57.%p 2r.on IN4.az2
a F9€,ap 246" T3k 8.06 L5.59% B G0 31282
g Ten.9Q 2465 Ta27 2e3b 87469 B.O0 170.42
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Appendix A-5

The calculated rate of advance data of Appendix A-3 is combined with
the downtime estimates of Appendix A-4 to give an estimate of the

total tunneling shift hours for each data set of each tunnel. The
percent error of the tunnel's cumulative hours relative to the reported

hours is shown.
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BAY AREA KAPID YFINSI' GISTRICTY BAY AREA RAPID IHINSTT DISTRICY
31

FONTRACT MUMPLR 3MOO CONTRACT NUMBED 14003
R TUNNEL ~ 24TH T0 PANOALL STRLET ML TUNNEL ~ 24TH TO ruuolu STREEY
SAN FRANCISCO, CALSFORNIZ SAN FRANCISCO, CALTFORNIA
CUPULATIVE HOURS CUMUL R TTIVE CURULATIVE HOUKS CUMULATIVE
CALCULATED HOURS- 1 DIFFERLNCE CALCULAYED HOUR S~ T DIFFERENCE
WEEN INTFGRATION SUMMBTIODN ACTLAL INTEGRATION SUMMATYLON WEEK INTFGRATION SUMMASION ALTUAL INTEGRATION SUMMATION
1 33,48 29453 A.0O0  -318.24 ~269.17 1 3,66 38,86 38,50 -13,%0 -9
Hd A43,77 TR0 47,50 ~T6.24 -66.30 2 92.23 86.91 19.0D “15.7% ~14,02
b 2706450 261430 168.00 -61.01 RANT! 1 254,09 246430 199.%D -27.32 -2v.3%
u 153.27 381,70 288,00 ~22.65 -19.3% . Wi, 3% w05, 7% 319,50 ~29.69 -2t.00
H 9224586 S124%8 uge,ae -ge,0r EPLEE Y 5 593,55 34,50 439,50 -3%.05 ~37.99
6 b14.5Y 60451 186,00 “26.45 ~28.08 6 182,97 773.09 560,00 -319.02 -38.16
14 J21eun 7Ll 80t.%C ~18,98% -317.310 7 1053,.3° 104372 580400 ~B4,9] ~51,4%
a 9C5. 37 89310 126,50 -24, 3% ~27.93 ] 1178.98 111,29 157.50 ~55.38 ~58¢1Q
o TWPILle 1072448 R4T,00 “27,88 -zh.b7 3 1zp3.38 1757.68 835.50 ~5142% ~50.3%
12 T181.67 1151.56 967,00 ~20a3% -1?.09 10 1201448 1271.5¢6 955,50 -34.32 ~3%.08
11 1258.03 1247, 14 1D87.00 ~15,71 ~13,78 11 1393077 138u,086 197%.00 ~28.85 ~28.78
12 1365,13 1358 (AL ‘ 1207.06 -13,1C ~12.25 17 1530412 14S0.35 1195.00 -25453 -2u,T2
11 14us .22 1434, Ee 1326.570 ~B495 - 17 13 155845 1548.72 131%,70 -18,51 -1Ts77
18 1697.,56 1987423 1u48,50 -3.53 -7.82 1u 163867 HILNY 1935.%C 18,15 17,48
S 1639.9¢ 1520,61 1556400 -u,72 ~9,0¢ 15 159,18 1796.09 1555,50 ~13.209 ~9.65
16 1180.79 FRAL ST 168400 ~5.82 -<.01 18 1951 .28 198,814 31676,0C ~16eub -13.2%
17 152,85 1922.48 1806,00 -¥.02 -6.45 17 RIS 1 1961431 1798.50 -12.19 ~9.23
1t 046 .32 203812 1926.00 -b.24 -8 70 ie 210N 2071,38 1915,5¢C -11.22 B T
1] 2158 .07 214u. 06 2045,50 -5.33 ~N.82 19 F2re.gr 2220.99 2036.00 “11.69 -9.09
0 2328 .9h 231,54 2166.00 ~T4h2 ~ha Y 22 PITREF 2¥21.10 215%.50 30415 ~TsbB
21 2a3%,53 2a2u.§1 2286.50 ~B.HT -kp2 21 24Rr0 .87 Zu29.82 2275.00 -%.04 ~£,19
@2 537,60 252711 2s0r.00 -t.93 2,99 22 767924 2627,97 2395.00 ~31.87 -9.7%
23 T618.86 2600.43 2527.00 ~3.80 -3.22 213 2821 .44 211018 2%1%.00 ;1?.;8 -10.15%
24 7652 .80 2642.u% 2647.00 -.22 PR 0 2891.1% 2839.37 2635.59 e, 7C “7.78
25 P6BT .54 2677341 2719.50 1.18 1.58 25 ?3u2457 2891.29 2TuY. S0 “T+10 ~€:23

Appendix A-5. Total Estimated Shift Hours and Percentage of Exror.

A-75



BAY AREA RAPID TRANSIY DISTRICT wa¥Y AREA RAPID TRANSIT BISTRICT

CONIRACT NUWBER 1ROOS) COMTRACT NUMPCR )5BDi11
RA/RL TUWNELS 1R TUMEEL
SEANELEY, CALIFORNIA SAY FRENTISCO, CALIFORNTE
CUNULATIVE HOURS CURULATINE CUSULATIVE HOURS CUMDLATIVE
CALCULATED HOURS~ $ DIFFERCNCE CALEULATEN HOURS~ S DIFFERENCF
WEEK INTEGRATION SUMMATION ACTUAL  INTEGRATION SUMMATION WEEX INTTGRATION SUMMATION ACTUAL  INTEGRATIGN SUM=atTiow
H 153.7¢ 92452 #8.00 ~The 72 -%.13 t 94. 92 81.08 64,08 -48.16 -29.65
2 354,05 789,72 2p8.00 ~10.21 ~39.29 2 250.66 214,95 182.50 -37.35 -28.74
3 87,82 8B2.85 328,00 -67.92 -47.18% 3 410,44 393,75 298,68 -17.43 -11.84
a 680.83 615,55 44,00 -51.%7 -3T.0g0 u 5BD.78 563.51 917.99 ~38.94 -34.81
5 AT9.59 T, BG s6R.00 -42,46 ~30.90 5 702.22 BB4.91 5315.98 -31.0z2 -27.79
6 930,71 B6%.12 688.00 ~35.28 -25.77 6 850.086 832.62 651,78 -30.42 -27.75
7 1D65.33 999,89 808,00 ~31.85 -21,75 ? 938.04 980.48 T67.08 -30.11 -27,82
3 1216467 1151416 9Z8.00 -31.31 -2n.05% € 1142.48 1124.83 385.855 ~29.00 -27.91
° 130,38 1714.76 1048.00 -11.7) ~25.%5 5 1209.93 1191.37 1009.33 -20.38 ~18.53
3D 1564,25 1975.63 1168.00 3196 ~26.34 17 1247.76 1230.10 1117.18 -11.69 -10.31
11 1715438 1689.a7 1288.0p ~33:1¢ -28,06 il 1286, 28 1268.62 1222.30 -5.23 ~3.79
12 1hi8.12 1752, a4 1368.00 -12.9¢ ~20,10
17 1572431 19C6.87 1488.C0 -3245% ~Z8.10 O4Y AREA RAFID TRANSIT DISTRICT
CONTEALT KUNBEP [SA011
1% 2111.20 2045.u%8 1608.90 ~31.29 -27,21 TL OTUNNEL
S8 FRANTISCO, CRLIFORNIB
15 2231.26 216u.54 1728,00 -29.07 -25.26
TUMULATIVE HDURS CUMULATTVE
18 7399.27 228X a9 LARALND ~27412 -2%.87 CALEULATED < HOURS~ T QIFFERENCS
WELH INTFGRATION SUYMATION ACTUAL  INTEGRATION SUMMATION
17 2631497 2366.21 1oan.00 ~25410 ~Z1.72
1 v2.09 82,63 10225 9.9% 19421
18 75268.04 298169 2040.00 ~23.858 -20.67
z 202,08 191,00 221.75 8.87 13.87
19 2626437 2562 .00 2180.00 ~21.99 MLMY!
2 3%3.320 340466 338.25 418 ~eT1
21 7754 .82 2690.43 2280.0C -20.82 ~1R.00
q $33.249 520.%% a32.7% ~23.38 -20.50
21 74R2.79 283842 « - -
2400400 20412 17,43 [ 696,98 687,99 527.58 ~32.11 -29.865
22 ?eC5.a8 2Ban, 70 2520.00 «15.28 “17,73 6 889,31y A715.94 “vb.15 ~37.85D 15456
. . ~385.
23 2912 .49 -
. 2848.,12 2640.00 10.32 -7.88 T 109345y 19BD.26 763466 ~33.21 L ERLT
26 Y0as,29 2980,90 2760400 -10.39 ~e,00 8 129061 12717.15 88238 46433 wa.78
. . ~af. ~un,
25 175,37 -
5.3 3fst.%8 2RaD.0 10.08 ~Y,82 9 1N%2.07 1828,5%5 1009.u8 “54,19 ~“42,79
26 Y27a.0% 1209463 w6n. - -
y . 2%en.00 10«61 B3 10 1505.37 149165 1117.96  ~3u.bs FETITON
27 T416.%6 3357, . - -
$7.05 080,00 i0.%2 Q.83 11 1557,81 1544.28 1198484 ~30419 -29.06
28 Suz .4y JUTR.O6 3200.50 -10.7D .59
2% ACLE OB 360,81 3320.00 -13.9% -.0%
PAy ARLA AuPlD Huns” ™
32 817,29 3752.87 Yaun, a0 -10.97 -5,c9 CONTRACT wumbEw 1sadf1 Dot niCT
SR TUNNEL
31 1670.99 31806.5¢6 3560.90 -8.7e -t,93 SAN FRENFISCO, CALIFORM)A
LH 995 .5T I935.10 3s80.00 ~8.58 ~6.82 CUMULATIVE HOURS CURULATYIVE
CALCULATED NOURS~
33 a)0¢,99 “Dw2.97 3BD0.N0 -p.0g -6.38 MEER INYFGRATIDN SUMMATIDN ALTUML IHE;aEYI;;:a:;::AHON
34 LFL3 R 1] a176.51 31920.00 ~8219 ~bo58 ! 91.60 81.0& 1728 ~18.57 ~1.93
s 6343,%8 429%.04 4pan,3o -8.01 -foag 2 2%3.20 2zv.88 193.5) 25,869 —1n.20
. .
LY 559,17 Na0b8.T73 ¥160.00 ~7.43 -%,88 3 290.26 276,90 239,33 ~25.28 ~15.70
37 868,06 4S03.b2 42a0.00 “6.73 -5,22 s 415476 402,10 338,33 ~2u,3b -20,27
B
34 “5R6 .87 4rz2.u) “400.00 ~Hu28 ~7eT8 5 582.00 567,96 53,08 ~28.45 -2%,.36
& 126,77 722.52 571.18 ~28.99 ~26.5D
? 892,47 ATT.79 58%.99 -30,06 -27.%6
L4 1O46. 30 1031.92 805,91 ~29,83 -28.,04
2 1191488 3177.37 923.33 ~29.08 «27.51
13 1313.58 1299.01 018,75 -28.98 ~27.51
L3 1972.7% 185R,22 111%,33 ~32.08 ~30.T%
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wAY¥ ARTS ARPID YRANSIT QISTRICY UPPER SALY CREEN 21

-
foL et M AR e
AN FRONFISCO, CALIFORNIA
g e ST e PRSI O e
WECK mrufﬁﬁﬁ“sﬁ-.mm ACTUAL  INTEGRATION SUM=ATIOH WEEX INTEGRATION SUMMATION ACTUAL  THTEGRATION SUMNATJON
1 77.75 £5.872 IC9.3T 2B8.89% 15,80 1 33.4) 28.41 313.50 28 14,01
2 202,23 157.58 225,59 10.51 17.60 > 46.21 wr.s7 17.50 40,37 46,36
3 18,71 31310 144,91} 4.70 9.16 1 112.67 106,80 127.50 11.6% 16,24
. 455,76 439.99 wp0.73 1.1a 4.52 « 196469 14M.69 176450 16.09 20,29
5 515.55 489,76 526.50 2.08 5,00 5 1up.az 183,42 185.50 19.02 27,217
5 £46.25 630.29 R -6.39 2.09 6 172.76 166,76 238,50 26433 20,89
? 129,48 713,47 734,13 .66 2.04 7 183,73 171,72 269,50 30.53 32.81
5 834,35 B1&.26 BuS.66 1.34 3.24 L) 150.986 164.586 282.50 32,40 34,53
5 570,26 854.16 238456 7.28 5.59 9 219,56 713,58 32,50 33.97 16,78
10 951.38 935.24 1056.96 9.91 11,94 19 239.22 233,19 171.50 35.61 31.23
11 10685.42 1056. 26 1176456 3.36 10.73 13 794,58 289.42 419,50 29,78 31.25
12 1155, 36 1152.16 1295.06 3.78 11.03 17 3129.83 323467 w68.00 29452 ID.AN
13 1257.38 12a1.16 1807.90 10.69 11.84 15 Itbail 159,93 514,00 28,77 29,97
14 1350.79 1334.57 1u8A, 08 9.22 1oL 3y v %369t w35, 568.30 22,53 FANCS
is 508,50 agu,21 619,00 18.98 19.51
:;:t;;g; iﬁi-f?n”\’igiila“""“ 1e $¥1.20 52Z0.%) 658.00 19.27 2r.23
::»‘?::551;52:‘7:::1?:::“ 17 565.72 59,43 699.4C 19.1% 20.03
TUNJLATIVE HOURS CuMUL s TIVE 1# 576,53 510423 F15.50 1942 20.30
GEEK Jvlfbﬂi:;g:\:L‘;E:nITIvk .E?Eff' zménﬂ;ﬁ“?:ﬁf.nm 19 599403 “92.73 7T65.50 21.7% 22.57
j 285,14 135.57 116.03  -145.75 ~16.84¢ 2" 613,34 $27.05 11.50 21,95 2713
b Q38,72 QRO 3 227.9% ~89.00 ~23.00 21 67T.96 8Tl.08 861.50 2143} c2.04
* 553, 1 432,48 Jur.u? -62.00 ~17.87 22 T23.87 Yia,3e 11.5C 2094 21463
y 645,19 934.40 LA ~52.28 “i6.77 2y Tag 4R TI6LL8 959,50 22.31 2r.07
' 739,69 SHR.78 504,26 -46.47 ~16.59 2% 197,61 791,30 inpv.scC 20.03 21.a8
s 537,63 PRVSR 621019 Sil.289 “16.97 25 B1i.11 804.80 1051450 22.86 2t.ne
7 w8) .71 137,63 -35.96 ~15.47 24 63k,1n 824,87 1095.5¢ 2ua13 2u.T0
- 11564.313 ioeiong F57,78 ~315. 26 ~17.43 27 BTT.64 871432 117,50 23.18 2% TH
@ P22 30 LORL, 56 ans.rs ~ 15,53 - 1B 28 955.42 49,58 1192.50 19.88 20.4})
PAY AdEa HAPIO TomNSIT 2% $90.01 say.TC 1223,50 19.9] 19,93
CONTRACT NUMRE™ JS00R)4
S8 TUNNEL - WAGRET STRFET 3o 1945.67 1939, 13 1278.80 18,21 18,71
AL FRANTISCC, CaLiFcania n 1106.97  1100.63 132850 16,68 17015
Ll noves CUMLLATIVE 52 Tra.er  1137.13 1378.80 17.08 17.51
CEER IvTrGonTTon A bewetron Ahouess 1} DIFFLRENCE
- INTEGRATION SyRwatgns 33 1202.9% 1196.07 1423.50 15453 15,98
! Tee 50.54 66,00  -13.27 23.42 3 100,73 123%.38 1%61.50 15011 15,50
? AR 13315 183.75 2.20 16.85 15 130%,00 1297.64 1581.50 13435 13,58
' 23724 220,78 206,42 ~0.3)3 10.44 16 1260.08 1333.72 1539.50 12.95 11,37
* 2T 301.96 123,82 RENEE 6.91 37 1383.85 13177,48 1587.50 12483 1%.23
‘ 27w A1a-13 439ene 0.4 6.62 e 1428.91 1422.58 1637.50 12,74 1318
' Pee-Te 836.58 587.18 -1.18 170 39 T4Eb .50 1uB3,53 1687.50 15.89 12.27
! eT.Re 63051 tug.ae AL 1.60 e 1558,08 1551.869 1737.5¢ 10.33 10,65
® 747,54 720.29 T21.u5 “3.62 0.16
t 109,31 16C7.9% 1787,40 9.37 10,33
¥ 459.72 812,36 R34, 1u w2 a2 0. 85
¥? Tee0. 78 TS TIRT 1637.50 10,71 11,05
10 894.70 967.13 FB¢ .00 1.0z .
u? 1656.82 1650,45 1885.50 12.13 12,97
™ 1687.92 1€61,55 1929.50 13,56 13.8%
a5 THB1 .82 117,05 1975450 18,78 15,11
ue $717.72 3711435 2p2Y.50 15,11 15,03
“? 177819 £769.82 2e71.50 1%.28 .56
. 1851.97 1Rgs.e2 2171.50 11,68 1,01
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€@ SKLT CREEX ¥2 WASHINGIPY WETPOPOLITAN AREA TRANSIT AUTHORITY
PP >
gouwr! NUMPER bB-a05~2% CONTRACT NUWBER 1FOU2}
3 L1NOIS F20 BLNTAGON OUTADUNC
EHICaDEy TLLIRGES wASHING TN, Dol

T neunit'® s oreresencr it AR wiereRENcE

VEEW INTFGRATION SUMMATION ACTUSL  INTEGRATION SUNATION WECK INTEGRATION SUMMATION ACTUAL  INTEGRATION SUMMsTIO
1 23.8% 19.80 w000 0.87 50,50 ' 97,26 86,60 84,50 -9.90 2.1n
2 10.9% 21.08 57.00 48,70 57.09 2 146410 135,87 122,80 ~19.76 -1n.92
3 £7.57 s1.31 103.00 wh.10 4s.2y b Juu.ne 331,59 218,00 ~60.22 ~sn.23
s 105,58 100,88 145,00 29,16 3z.31 “ 398,74 385.84 742,00 ~6e.77 ~59. 44
5 206.ae 701.1% 232430 z.41 €7 5 817.12 563,69 3it.e0 -62.92 ~18,87
6 231.81 226496 252.00 8.01 30,29 5 aru.22 600,19 162,00 -79.60 <1867
7 W1T.un €11.55 119.00  -30.86 ~29.01 ? 615,81 c2.18 48,50 -76414 -77.30
s 3.8 anT.2s 363,00 ~20.88 -21.21 2 £83.26 66983 I9e.R0 ~71.68 ~68.30
s 511,41 505.47 ¥16.00  ~727.9% ~21.51 . 769,59 156412 W52.50  ~58.26 -51.83
12 575.39 £69.40 476,00  -20.88 -19.82 12 yus.9? 918,34 6C0.50  ~58.03 -st.7e
1 55,89 570,89 usu.00  -1B.6C -17.39 11 113637 1124421 711.00  -&0.11 Y RY
12 636,08 630467 538.0D -18, 3% -17.22 17 1149 ,32 1335456 T28.53 -57.17 -5<,.88
13 573.28 667226 586.00  ~34.89 ~11.87

1a 717,33 71136 829,00  -18.08 -17.08

15 176,13 770,00 669.00  ~16.01 ~35.11
16 a27.88 821,40 TO%.00 -1T.78 “16.9¢C

LPPER SaLT CREEN T

CONTRACT WUMPER €8-4Cb-25 WASHINGTAN MFTROPOLITAN AREA TRANSIV AUTHORITY

CHICAGH, ILLINDIS CONTRACT NUWBER 1FE021

F2A PENT!GON INFOUKD
¥ASHINSTON, C.C.

CUMULATIVE MEURS CUMULATEVE
CALLULATED HOUR S » DIFFCRENCE FUMULATIVE WOURS cumuLATIVE
wCEXK INTFGRATIDN SUMMATION ACTUAL  INTEGRATION SUM™aYIOn CaLcuLaren HoURS~ ¥ DIFFERENCE
WECK INYTFGRATION SU*mBTIOw ACTUAL  IWTEGRAYION SUMwATION
1 22,88 19,28 «3.3c 43030 51.89
1 21.27 19.87 9.50 -173.93 RTWY
2 63.11 88,80 BC.Op 21431 27.C2
? Tu.s1 32.Ce 17.78 ~9n,22 ~8£.33
B 192.39 136-85 123.5¢ ~18.bb -i4,08
x Ta.z? T1.0e 56.78 -30.26 ~2%.1%
u 189,63 175,07 160.00 ~12.89 “9.42
Y Te.31 T5.54 66,78 ~17.26 “1?7.82
5 218.54 712.93 200.00 “9.27 ~t.87
5 192,66 99,88 98,28 T “1.uy
o 257,68 25192 223.00 “15.27 -17.7%
3 186465 145,49 130,78 -8.71 ~4,u
? 329,28 121,02 263.0 ~25.21 -2%.08
b 212,36 209.06 185.78 ~16.82 ~in.048
[ R REvE] tEY.7Y% lond.ro ~28.3% -28.5C
a 249,87 296,49 207,28 -~2C.5%8 ~i%.92
] PRI u3¥, 28 343,00 ~27.98 ~2h,31
9 296.1% 292,18 240,78 -23.00 ~21.58
10 453,57 W75.19 183.00 ~25.51 ~24,07
19 331.97 320,55 zat.7E ~317.81 EFY N
1 501.3% u9L,332 az3.00 ~1E.45 -i7.10
1 3TiasT J6R. 18 T26.78 -31%.7% -17.58
12 436421 530,47 as3.re ~15.81 ~lu.s?
12 524,72 ©21.,09 w2T.78 ~22.86 ~21.80
13 £T6.9F £11,22 SOD.DE ~15.39 -1u.28
12 189 .71 Tus.72 SC4.2ZR -wg.87 ~aT.88
14 €00, 37 XTI 517,00 ~17.8% ~11.78
1% 906 .In 901,99 591,78 ~52.12 “57.03
s LuR.77 cus, ol S64.00 -15»21 “1%.39
1 967,37 962,99 B42.78 -0, a8 ~a9.62
e T08.27 102,08 60%.00 ~17.28 ~16430
e 1073.6% 1928, 99 Tiw,2e “4u,63 ~ua.06
17 152.89 THT 1L &u8.C0 -16.91 ~16.,01
1?7 1650.56 10%6.08 737.78 -3, 37 -wZ.8}
I 869,33 G0Y.56 684,00 ~18.12 NENT)
I 1652426 ITuE. 186 741,78 ~41.08 ~81.31
1% &58.08 ES2.2% Tn.DO ~18¢52 ~17.72
19 1122.4° IR 837.28 ~34.0% “3%.60
& 515,57 910.186 T6a.C0 -19.8% ~19.13 .
14 1226.83 12z0.M1 911,78 B TPETS -31.01
gl S4B .5 fqx,70 AO& .00 ~184]0 ~17.38 21
135178
. 1387,.59 1032.28 ~310.95 ~30.55
FEd 1ac1.78 1001,98 pua .00 ~19.40 -16.72
23 15488t 1042.83 884.00 -15.83 ~17.97
24 1075,49 1reu,67 924,10 15485 ~1€,22
Z5 YOF3LAT INTTLID 6% .00 ~12.40 ~13.7%
Z6 2106.87 1100.B5 ibDa.no ~10.23 ~2.65
27 1147.09 119127 104a.20 -9,87 ~9.32
2¢ 1195, 6% 1186.23 1064 .00 -9.86 ~e.37
29 1226.77 1222.94 1124.00 ~9.32 ~H.8E
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WASHINEIAN METROPOLITAN AREA TRANSTT AUTHCRITY WASHINGTON WMETPOPDLITAN AREA TRANSIT AUTHORLTY
CONTRACT NUMBES 1FUDZ} CONTRACT NURBLP 1FC212

F2h RRAN"H ROUTE QUTBAUND Fin WCRTH PUTECUND
WASHINGTFh, DuC. CASHINGT AN, D.Ca
FOMULATIVE HOURS CUMUL ATIVE FURULATIVE RCURS CUMULATIVE
CALCULATED HOURS~ 1 OIFFERENCE CALCHLATED HeurS- * DIFFERENCE
BEER INTFGPATION  SummATION ACTUAL  INTEGRATION SURKATION WEEK INTFGRATION SUMRATION ACTUAL  INTEGRATION SUMMATIOA
: 102,71 9r.16 56,50 ~t1.78 “s9.ET . Suvgs 1712 39.90 1116 17.63
2 233,67 219,10 149.00  -56,80 -uT.C5 5 0654 it on.00 2081 2761
3 286,10 241,56 181,50 -30.87 ~31.65 s \Re.1z Jeuayz 16000 ~17.10 S1c.rs
4 AR I56.72 703.00 -3E.62 "IRe30 y 3F1.11 3ub. 25 756.0C ~37.18 ~36,25
. 419,18 §01.97 274,00 ~52,99 “aT.0 ¥ . “10.98 V25,68 T .23.58 YR
* slbouz sG1.09 328.50  -8T.21 TB2es4 5 VTS weh.28 192,00 ~15.95 ~18.69
’ §11.89 661,98 422.50  -6p.38 -56.68 ; sau.21 120,26 aTR.AE -11.76 “yn 71
B 178219 762,53 511.00 "51.69 IRl ® 51860 ISERY] 581,50 -5, 3B -5,53
s TS T 57R. 14 821.50  -$1.88 ~us, N4 R .9y 635,98 638 .50 I a9
1e 1085 9% 1069.C7 730400 ~48.82 RTRT . §94.33 68517 168,05 151 7.72
11 121971 1198.79 832,50 ~45.91 ~un.00 - — 130081 165,00 ©.19 -
12 136738 1341.41 916,00  ~uE.i9 ~uku . - 161,50 p12.n0 5. 38 5,98
13 H4su.97 1438.92 S89.50  -Gi1.0% TuSaub 17 825,17 #23.20 869,00 £.08 t.62
1% 158G, T¢ 1569.75 1082.00 ~44,10 ~ud .62 14 887.01 PEZ.CH 92k .0C 5,21 u.?s
1e 16C0.5C  1%84.49 1135.50  -%p.95 ~19.56 ie 906 .96 ey.08 945.0C .13 .k
1e 1625.54 1609453 T1EN.ST ~37.70 ~3K.34

WASHIRGTAN METROPDLITAN EREL TRANSIT AUTHOURITY
CONTRACT WUMSER 1FDO2)

F2& BRINFH ROUTE 1NBOUNO

WASHINGINN, D.C.

CUMJLATIVE HOWRS CUMULATIVE WASHIKGEAN METROPOLITAN ARFA TRANSIY AUTHORITY
CrLCULRTED HOURS~ 1 DIFFERENCE CONTRACY WUMBER (FCO0Y2
WEEXN INYFGRBTION SUPRITION acTUAL INTEGRATION SUMMATION F10 NCB¥M TMFOUND
MASHINSYPN, Do
1 88,25 B2ebu 17.50 ~175.73 ~1u3,68
CUYULATIVE HOURS CUnULATIVE
2 1La.20 158,67 108.00 ~87,8% BT ¥ CALCULATER HOURP S~ X DIFFERENCE
WEERK INITGPATION SUmMMAYION ACTUAL INTEGRATION SUMMATION
x 205.0% 198450 139.00 ~97,.55 “WC.65
H K4tk 5a,1GC S&.0D ~te5T T. I8
4 384,81 IMT.58 237.5C ~89,28 R RY 1)
? 223424 213,58 126.00 ~Th .40 ~6b.8%
% 4PT10 475473 I34.00 “HN,9T ~“4j.59
3 1r1.17 Jz1.21 20R .50 ~58,83 =Sk .08
[3 5RB.TY STT42E 399.50C -47,21€ ~44,5%3
4 W0y .90 198,20 265,00 ~85Z.T9 ~49.02
T 762.5°9 TN, 7% S11.CD ~49.23 ~%E,93
b 4T1.62 567.59 321,50 -h4 .08 -41.0%
3 524583 932,38 619.50 ~a%.21 “NT.28
& SCu.67 48,59 4nt.50 ~23.83 -21.37
9 1097,712 178%.¢67 T28.00 -50.79 ~N9.13
7 SuG.17 539.13 HT6.TC ~15.20 ~13.%0
10 1155.98 T1u1.91 A1.00 ~44,086 ~NZ.586
F B12.91 602.8¢6 562,7TC ~8.92 “Telh
13} 1270.26 12568439 9L1.50 “4p.92 «3e.57
Q T17.80 TDT.TQ 558,20 ~9.08 ~*.52
12z 1IB0D«2% 13gke20 imn.ne -16.866 -3t.a7
it BOZ %4 792.82 122.7C ~311.10 ~9.70
13 14°8.17 lags.r2 310000 ~36.1% ~3=.09
il e69.4% F59.76 T87.20 ~3C.45 ~%. 1
1 1575410 156299 119%.0D “32.D3 ~3y.0}
L 00,4t EBD, T3 £iu4,70 ~9.30 ~F.06
1% ¥550.27 1517.9¢6 123%.5D ~20.7C -27,712
1 603,15 1r81.02 1368.50 ~23.72 ~22.84
17 1725.7% I7LYe03 1421.50 ~21.40 -20.85
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WASWINCINN METEONQLITAN aRFA TJPANSIYT AUTHORITY WASHTAGEOK WETROPOLITAN ARFA TRHANSIT AUTHORITY

COATPACT NUMRER IFGUIZ CONTRACT NUMBER 1FECD12
F13a saufs QUTBOUND Fi0 SGUIR TK2DUED
WASHINRTON, [, MASHINZTON, Ta€.
CUFYLATIVE HOURS CUMULATIVE CUMULATIVE HOURS CUMULATIVE
CALCULATED HEUYR S~ X BIFFERENCE CHLCYLATED HOURS- ¥ OVFFERENCE
WEEK INTFORATIAN  SUYRATICN ACTUAL  INTEGRATION SUMMATICH WEEK INTFGRPATION SUMMATION ACTUAL  INTEGRATION SUM™ATON
1 25.0° 2334 16.00 “56:55 ~4E,85 1 TY.87 §1.04 71.5C 39,65 -30.12
H 66,04 &83.86 $6.00 -17.9% -ju.03 2 175.07 167,92 169,50 -3,28 93
3 98 ,5¢ 97,32 83,00 ~18.20 ~15.40 z 216,57 Te9,. 1k 257.1¢ ~T.80 RTYS
[} 146,97 148,57 113,00 ~30.08 ~27.94 u 40592 398, 7C 343,00 -18.3u -16e12
5 219.28 216271 117.00 -23.8% -22.34 «© 5u5.62 S3T.RE 430,50 -28.74 29,94
L} %127 28R, 62 256 .50 ~14 .45 ~1¥.u} 6 614,91 607.13 4B?.0D “2b.26 ~28..87T
7 37618 3Je7.28 3372.0D ~11.50 ~10.58 7 721.97 7417 $15.00 -25.568 -24.20
8 %a7.98 45,21 w3550 -2.86 -2.21 » En).ba RY3.BS 668,50 ~25.91 ~24,73
] S09.B3 507.05 507.00 L 1Y ~el1 & IuE.HE 938,60 TEY.50 ~23.32 “27.29
ac 521,90 rje,.12 523.00 .21 .18 \ 1 1043, 36 1032.69 859,50 -~21.07 ~2Na1%
1 942,49 $39.71} 554 N0 2.08 2.58 11 1330.3° 1122.32 943,50 ~19,79 ~1R.95%
12 598.57 595.7°8 627.50 3.98 4.3 12 1215.55 1207.67 1031.0¢ ~17.90 “17.14
13 651,72 buB . 92 701.00 7.0 Teng 13 1284,93 1277.08 13113.06 ~15.45 ~19.74
I bbB.5 661,71 T24.50 8.20 8,39 T 1115.07 127,19 1179.50 ~13.19 -17.52
1S 658 .46 695,60 787.00 11.2% 11.61
18 756488 Te4.p7 a712.%0 12.1) 12,43
17 850,59 BUT.RY 960.00 11.3% 11.68
MASHINSTON MET20POLITAN AREA TRANSIT AUTHORITY
ve ERLINE | A9&.61 1030,.20 12.68 17499 COMTRACT NURNPER 100091
=% SOQUTH IWPOUNC
19 975,92 971,10 111750 12.67 12402 MASHINGTrN, OuC.
27 1066,8¢ 1064.34 1255.50 1%.02 15425 TUMULATIVE HOURS CUMULATIVE
CALCULATED HOURS~ t DIFFERENCE
F3 115950 1156.73 31358.00 30,61 IN.82 WEEN IRTEGRAVION SUMMATION ACYUNL  INTEGRATION SUMMATION
22 1231 .40 1228.55 inie.00 158,13 in,33 1 75448 88,58 98.00 21.38 20,5%
23 1307.47 1108.61 1520.00 13.98 1%.17 2 226.9% 217.21 213.00 ~6,5) ~1e08
2 1399.58 1396470 1615.50 13,37 13.58 3 395,15 Jsa.T1 332450 ~18.8% -1%.7¢C
2 1490.37 14B87.51 1711.00 17.89 1Y.08 0 515,93 50%,35 862,50 ~11.55% 8,27
2 634,30 55187 56950 ~T.87 ~6.80
6 TeI.uu 752.8€ T68.50 ~B.37 6,08
7 aer.e? BTH.A7 43%,50 ~6.37 ~%.08
) 9ak.10 973,33 e49,5C ~3.85 261
9 1012.73 1081.9G 987.5C -2.5% “l.ue
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Appendix A-b

The format of the keypunch cards used to record the weekly pragress

data from which the various equations were derived.

Variable meanings and values assigned are as follows.

represents the decimal point; the format is 7F10.5.

The dotted line

Variable No, Description

1 The survey station at the beginning of the week's
tunneling.

2 Lineal feet tunneled during the week.

3 Cumulative feet tunneled through the end of
the week.

4 Tunneling hours during the week from Ring Logs.

5 Tunneling down hours in week due to shield and its

ancillaries' failure.

6 Down hours in week due to excavating equipment;

e.g., the rotating wheel and digger arm.

7 Down hours in week due to the conveyor belt.

8 Down hours in week due to muck transportation
and/or the bringing in of necessary supplies;

e.g., primary lining rings.

9 Down hours in week due to other work causes.

10 Down hours in week due to administrative decision;

e.g., a shutdown for surveyor's alignment.

11 Total shift hours in week. Tunneling hours (4)
plus down hours (5 + 6 + 7 + 8 + 9 + 10) = total

shift hours.
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Variable No.

12
13
14
15
16
17

18

19

20

21

22

Description

Note: In some cases, tunneling did not

begin immediately at the beginning of the
week's first shift and frequently shutdown
earlier than the end of the week's last

shift. Where this was known, the interim

time was assigned to administrative down

hours (10). Where actual week's beginning and
end times were unkmown, the week's total shift
hours were computed between the time for the
first shove and the last ring erection.

Fraction of the face as silt and clay +1.
Fraction of the face as clay and sand +1.
Fraction of the face as sand and gravel +1.
Fraction of the face as cobbles and boulders + 1.
Fraction of the face as cemented ground +1.
Fraction of the face as peat and trash + 1.

Fraction of the face as cohesive ground + 1.

Note: The sum of the fractions logged for
variables 12, 13, 14, 15, and 17 should
equal 1.

Average tunnel pressure during the week-psig.

A measure of the average wetness in the tunnel during
the week. Refer to Section 4.2. The range is from
1.0 to 2.0.

Driver horsepower to cutting wheel or digger arms.
These data were not complete and therefore the
variable was not used in the equation derivations.

Total jacking potential of shield in short tons
(2000 1b/ton). 1In some cases, the jacking potential
was greater than the ring strength; a relief valve
was installed in the hydraulic line to reduce the
pressure. The reduced pressure is to be used in
calculating the jacking potential tonms.
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- Variahle No. Description

23 Outside diameter of shield ~ ft.
24 If a rotating wheel excavator is used = 2, otherwise = 1.
25 If an oscillating wheel excavator is used = 2, otherwise = 1.

None of the tunnels investigated used this equipment.
26 If a digger arm excavator is used = 2, otherwise = 1.
27 If manual excavation is used = 2, otherwise = 1.

Note: In some tunnels, intial excavation
was manual (2 logged) until the digger

arm could be brought to bear. Then, due to
the limited radius of the arm, excavation
was 50 percent manual (1.5 logged) and

50 percent digger arm (1.5 logged).

28 If a conveyor belt and train are used = 2, otherwise = 1.
29 If a conveyor belt and truck are used = 2, otherwise =1.
30 If a rubber tired mucking truck is used = 2, otherwise = 1.
31 Fraction of the face as non-cohesive ground + 1.
(This variable was eliminated as being the converse
of variable 18.)
32 Fraction of the face as running ground + 1.
33 If ribs and lagging primary lining is used = 2, otherwise = 1.
34 If concrete pipe lining is jacked into place = 2, otherwise = 1.
36 If it was the last week of tunneling = 1, otherwise = 0.

This was an added variable, and it was not practical

to redo all the data sets to add a 1 or a 2. A 1l was
added to all data sets for just the last week. During
the computer data processing, a 1 was added to all number
36 variables so that the 1/2 relation would hold.

38 The tunnel RoA intercept. See Section 5.2.
39 The hours/ft for the shove operation. See Section 4.4.
40 The hours/ft for the ring erection. See Section 4.4,

A-83



Variable No. Description

41 The hours/ft for the dead time. See Section 4.4.
Note: The data for variables 39, 40, and
41 were only obtained for tunnels in which
the original ring logs were used for tunneling

advance rates.

42 The learning curve RoA exponent. See Section 5.2.
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Appendix B

MEXICO CITY TUNNEL DATA

In this appendix, the data submitted by the contractor who conducted

the tunneling effort for the Mexico City deep sewer (Ingenieros Civiles
Asociados, S.A.) are presented for reference. It is felt that the data
herein may be of value either to support or lead to modification of the

equations derived in this report.



November 11, 1976

Bechtel Corporation

Fifty Beal Street

San Francisco, California
94119 U.S.A.

Attention: Mr. L.R. Damskey, Long Range Planning

In response to your wishes, we are sending you a report detailing
the incidents during the period of excavation in one of the tun-

nels which we are drilling in the soils of Mexico City.

The adjoined information contains the details requested of us
during your stay in this city and constitutes the complement to

the data supplied earlier.

We would be grateful if, at the conclusion of your investigations,

you would send us a copy of the final result of your studies.

Respectfully,

Engineer Manuel Salvoch
Director



7. THE DRAINAGE PLAN

In this plot of land, it was necessary to proceed with a deep
reduction of the level of the ground waters, in virtue of the
fact that this level was localized at 10.0 m above the crown of
the tunnel. Not to dewater this would have presented serious
problems of piping in the sandy matter especially. The surface
or deep-well type dewatering system covers 60 m ahead of and 40 m
behind the face. It was made up of 15 shafts on the average and the
capacity of the battery of pumps was 80 to 100 liters/each. The
system remained installed and functioning for at least fifteen
days previous to when the tunnel would pass through the corre-
sponding zone and was maintained for the necessary time until the
primary revetment of the concrete grout would be injected in 1its

periphery.

In Figure B-1 is shown a plan of the line for lowering the level
of the water by pump.

In Figure B-2 is presented a cross-section of a typical pump-shaft.



A. DESCRIPTION: CASE HISTORY DATA

1. PROJECT NAME: Federal District Deep Drainage
2. LOCATION: CENTRAL INTERCEPT TUNNEL: SHAFT AREA 11 -

SHAFT 13; excavation with shield stage.

3. OWNER: Head Office of Hydraulic Works of the Department
of D.F.

4. CONTRACTOR: TUNEL, S.A. de C.V.

5. DATES: START: 9/25/72 COMPLETE: 11/7/73

6. PROJECT SCOPE (INCLUDE ANY APPURTENANT STRUCTURES): The
Federal District Deep Drainage System consists of a complex of
tunnels which conduct by gravity the sewerage and rain waters from
the Mexico Valley basin to a distant river in the state of
Hidalgo. It is made up on two ancillary tunnels: the Central
Intercept and the East Intercept, which unite in one major

tunnel: the Central Emission tunnel (See plan I-2-5 annexed).

The present report refers only to the stage of excavation with the
shield, in alluvial soils in Mexico City, from the face of shaft
11 toward shaft 13 of the Central Intercept.

7. OWNER FURNISHED MATERIAL AND EQUIPMENT LIST
Concrete grout

Steel for reinforcement

Type Il cement

Tubing for the conductance of compressed air
Rails

Metal frames for shoring

Transformers for the electric current

Electric energy

8. OTHER OWNER SUPPLIED ITEMS (e.g. INSURANCE)
Materials laboratory



CASE HISTORY DATA - (CONT.)

B. DESIGN INFORMATION

1. PLAN AND PROFILE ATTACHED: YES NO
2, TYPICAL SECTION DRAWING ATTACHED: YES NO
3. TEMPORARY LINING DETAILS ATTACHED: YES NO
4. PERMANENT LINING DETAILS ATTACHED: YES NO
5. GEOLOGICAL PROFILE ATTACHED: YES NO

6. VERBAL DESCRIPTION OF SOIL CONDITIONS: Alluvial soils
characteristic of Mexico City in its section named the
transition zone. In this zone there are in general on the
surface clay deposits and organic silts, covering very com-
pressible clay volcanic strata of variable thickness inter-
spersed with beds of compact silty sand or clear sand, which
rest upon stiff layers in which the predominating substance is
sand or silt. The natural water content in the clay formations
and in the sandy silt is, on the argillaceous average, 200%

and 40% respectively, displaying cohesion (obtained by means of
simple cohesion tests) of 0.4 kg/cm2 for the former and 0.3 and

0.6 kg/cm? for the latter.
7. DEWATERING PLAN ATTACHED: YES NO
8. GROUND WATER CONDITIONS DESCRIPTION: The normal level of

ground water in the excavation zone of the tunnel is 10 meters
above the crown., With the system of well-shafts this was brought
down to below the tunnel invert. In spite of this system, in
some sites with sandy substance, the use of WELL POINTS became
necessary on the periphery of the face of the tunnel in order
to channel the water deposits and remove them by pumping through

the tunnel to the surface.

9. SITE PREPARATION AND RESTORATION DESCRIPTION: On the surface
the CONTRACTOR supplied the land areas required for the instal-
lation of the deep well pumping system, since the project was
localized for an inundation of Mexico City. Also, in the access
shafts he supplied an area for the installations; towers, mantle

capstans, offices, workshops, and storage grounds.
B-5



CASE HISTORY DATA - (CONT.)

10. UNDERPINNING DESCRIPTION

11. UTILITIES DESCRIPTION: The tunnel remains localized at an
average depth of 30.0 m. As a result it passes much below the
municipal service lines so that there would not be a problem of

relocation of the installations.
C. CONSTRUCTION METHODS

DESCRIPTIONS: The entire length considered in the present
report was excavated in normal atmospheric pressure conditions.
It was carried out by means of an open face shield of 6.42 m
external diameter and 6.40 m length, with remote control
hydraulic operation., In the rear it has a thrust system made up
of 26 hydraulic jacks at 200 ton capacity each, which operate
by resting against the primary revetment. In the front the shield
bears 17 jacks with a capacity of 120 tons each, whose function
is to hold the wood strut which supports the face.

By means of pneumatic hammers operating manually the material

of the face is loosened and falls to a lower central compartment,
whence it is removed by an EIMCO 40 H air mucker of 1 mZ capacity
mounted above platforms above the track. Then the convoy is
pulled by a locomotive up to the shaft through which the muck is
lifted to the surface, and from there is transported to the

storage beds in back loader trucks (See Fig. B-3),
TEMPORARY LINING:

As the shield advances there is put into place the primary
revetment, constituted of eleven segments of prefabricated
reinforced concrete 1.50 m. long, 0.20 m. thick, and 0.75 cm.
wide, which are connected with each other and with the preceding
rings by means of screws and nuts, with which they reckon on the
necessary cavities and ductile areas. In order to maintain the
circular ring, it is propped up with tubular scaffolding equip-
ped with machanical jacks for its adjustment. This support is
maintained unitl the zone is injected.

The segmented ring is set up with the aid of an eractor arm
behind the shield's jacket, whici has a thickness of 5 cm. Con-
sequently, the advance of the shield leaves a void which is refilled
immediately with gravel, applied with a small pneumatic conveyor.

B-6



CASE HISTORY DATA - (CONT.)

Ten meters behind the shield there takes place the process of
injection of the cement grout in its refill or consolidation
stage, later to pass on to the impermeability stage.

FINAL LINING: The tunnel bears a definitive revetment of concrete
filtered on the site, maintaining a final surface of 5.00 mts.
diameter. To make this a metallic frame formed by 9 telescopic
sections 7.32 m. long, each is utilized. See Fig. B-4. The
concrete is produced on the surface, lowered down the tumnnel by
gravity, loaded onto transport carts (See Fig. B-5), carried to
the face, unloaded with the transport belt, fed into pneumatic
conveyors, pumped, and filtered (See Fig. B-6).
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SHAFT FACE 11

- SHAFT 13 OF THE CENTRAL INTERCEPT

Cumul-] Effective ST L UBS F; 1.0 ﬁ} Amount of
. Advance | 2tive [excavation Eﬁan* drea‘fn N “ihto water in
Date Chain L~ ladvance| work time | . own 1 CILNET 1 the face OBSERVATIONS
m/wk \ in the the muck jpersonnel *
m/vk hours/wk . - {*)
shield removal nor equip-
{hr/wk) system ment hr/wk

23-1X-72 }0+104.12 {(hr/wk)

30-1%X-72 {0+115.37 11.25 1 11.25 84 6N 2.00

7-%X-72 0+138.12 22.75 134.00 120 24 1.75

14-%X-72 0+161.73 23.61 ] 57.¢61 126 18 1.75

21-X-72 0+169.23 7.50 }165.11 40 104 1.75 Installation of California
switch and accomodation
into the track

28-X-72 0+194.,73 25.50 1 80.61 132 12 1.75

4-X1-72 0+221.73 27.00 117.61 144 1.75

11-X1-72 (0+250.98 29.25 |146.86 144 1.75

18-X1-72 |0+284.73 33.75 1180.61 144 1.75

25-X1-72 10+4312.80 28.17 p0B.78 120 24 1.75

2-X11-72 |0+340.65 27.75 £36.53 136 8 2.00

9-XI1-72 }0+348.15 7.50 p44.03 40 104 2.00 serious problems of creep-
ina sands and increase of
the filtrations into the
face will make it necessary
to install WELL POINTS in
the face.

16-X11-72]0+359,40 11.25 p55.28 60 84 2.00
S5ands in the face with

23-X11-7210+369.15 9.75 1265.03 52 92 2.00 creeping water

30fXII-72 0+375.90Q 6.75 [271.78 36 108 2.00 Holiday 12/24/72

6-1~-73 0+386.40 10.50 £82.28 56 88 2.00 Holiday 1/1/73

13-1-73 0+394.65 8.25 {£90.53 44 100 2.00 Strong thrusts are noted in

the ground which defcrm the
circle of voussoirs and
which are stopped by injec-
ting the zone.
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SHAFT FACE 11

- SHAFT 13 OF THE CENTRAL INTERCEPT

) Cumul-] Effective T T _T1TIHNE Amount of
] Advance | .00 |excavation | Ereakdown | Break- Due to water in
Date Chain m/wk advance| Work time| in the down in neither the face OBSERVATIONS
m/wk shield the muck |personnel (*)
hours /wk {hr/wk) removal nor equip-
C system meng_hr/wk
20-1-73 0+402,90 8.25 (298,78 44 (hr/wk)- 100 2.00 Strong: thrusts in the
ground, cracking the
27-1-73 | 0+420.15 | 17.25[316.03 92 52 2.00 | Voussoirs.
3-11-73 0+432.15 12.00{328.03 72 72 2,00 Strong thrusts in the
ground.
10-11~73 | 0+444.30 12.751340.78 68 76 1.75 Holiday 2/5/73
17-11-73 | 0+462.15 17.25 {358,03 g6 12 36 1.75
24-11-73 | 0+478,65 16.50 1374,53 88 56 1.75 |The thrusts begin to be
minor.
3-111-73 {10+492,90 14.25}388.78 80 30 34 1.75
10-111-73] 0+508.65 15.75 }404.53 84 60 1.75
17-111-73]0+528.15 19.50 {424.03 104 40 1.75
24-111-73 0+4545.40 17.254441.28 92 52 1.75 The shield of face 11-10
begins to operate so that
from now on the same shaft
services two faces.
31-111-73{1 0+570.46 25.06 1466.34 132 12 1.50
7-1¥-73 0+605.71 35,25 501,59 144 1.50
14-1V-73 | 0+633.46 27.751529. 34 120 24 1.50
21-1V-73 | 0+646.96 13.501542.84 72 72 1.50 Holidays 19, 20, 21/4/73
28-1V-73 [ 0+669.46 22.501565.34 120 24 1.50
5-V-73 0+691.21 21.75]587.09 116 28 1.50 Heliday 5/1/73
12-v-73 0+716.71 25.50{612.59 136 8 1.50
19-V-73 0+742.21 25.501638.09 136 8 1.50 Comparison of frame
26-V-73 0+768.46 26.25]664. 34 140 q 1.50 progress; 0 + 768.46=

0 + 770.25.
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SHAFT FACE 11 -

SHAFT 13 OF THE CENTRAL INTERCEPI

T TIME

Cumul- | Effective Amount of
Advance | ative {excavation |Breakdown] Break- Due to water in
Date Chain m/wk  |advance | work time | in the down in ineither the face OBSERVATIONS
m/wk shield the muck {personnel (*)
(hr/wk) {hr/wk) removal lnor equip-
system ment hr/wk
2-Y1-73 0+794,25 24.00 688,34 128 {hr/wk) 16 1.50
9-VI[-73 0+820,50 26.25 |714 .59 140 4 1,50
16-VI-73 |0+847.50 27.00 1741.59 144 1.50
23-V¥I1-73 |0+873.00 25.50 |767.09 136 8 1.50
30-VI-73 [0+894,75 21.75 |788.84 116 28 1.50
7-V1I-73 ]0+919.50 24.75 813,59 132 12 1.50
14-YI11-73]0+946.50 27.00 {840.59 144 1.50
21-VII-73}0+975.00 28.50 |869.09 144 1,50
28-VI11-73}1+4005.00 30.00 [899.09 144 1.50
4-VIII-73{1+032.75 27.75 P26.84 140 4 1.50
11-VIII-73{1+064.,25 31.50 {958.34 144 1.50
18-VIII-73{1+089,00 24.75 {983,009 120 24 1,50
b5-VIII-7311+109,25 20.25 j1003.34 104 40 2.00
1-1X-73 1+113,00 3.75 1007.09 20 124 2.00 Introduction of large
' volume of water into the
8-1x-73 |1+114.50 | 1.50 |1008.54 36 108 2.00 |face 46 liters
v ° ’ . Exploratory and drainage
boreholes are made in the
face.
15-I1X~73 | 1+118.25 3.7511012.3 20 124 2.00
22-1X-73 }14126.50 8.2511020.5% 44 100 2.00
29~-1X~-73 |1+147.50 21.00 1041.5 112 32 2.00
6-%X-73 1+177.50 30.00 j1071.5 140 4 1.75
13-X-73 1+203.75 26.25 ]1097.8 132 12 1.75
20-X%X-73 1+235,25 31.50 {1129.3 144 1.75
27-X-73 1+268, 25 33.00 11162.3 144 1.75
3-XI1-73 1+304, 25 36.00 §1198.3 144 1.75
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SHAFT FACE 11 - SHAFT 13 OF THE CENTRAL INTERCEPT

Cumul - Effective LasST 1T.1M % Amount of
. . excavation | Breakdown | Break- ue to water in
Bate Chain "‘d*/“"gce J2tive work time | in the | down in |neither fthe face OBSERVATIONS
m/w r\rﬁwie shield the muck [personnel {*)
nours/wk | {(hr/wk) removal {nor equip-
— system ment hr/wk
10-%X1-73 11+339.50 35,25 BZ233.59 144 {(hr/wk) 1.75
17-X1-73 |1+372.50 33,00 1266.59% 1414 1.75
24-X1-73 |1 _400.25 27.75 11294.34 144 1.75 Holiday 11/20/73
2.XII-7311+439,25 39.00 1333.34 144 1.75
7-XI11-73 11+4460.72 21.47 1354.814 104 4 1.75 The tunnel is connected.
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Appendix D

REPORT OF INVENTIONS
No new inventions were developed during this study. Existing principles

were applied to a problem in a new way, and a logic of problem-solution

was developed.
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