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INTRODUCTION

The Southern California Rapid Transit Distriet (SCRTD) has initiated work on the
Metro Rail Project. It is a major effort that comprises an 18-1/2-mile rapid
transit system that inecludes 15 miles of tunnel plus 16 stations, crossovers, and
pocket track, in cut-and-cover construction. The system will start near Union
Station; pass through downtown Los Angeles under Hill Street; proceed west under
7th Street and Wilshire Boulevard, north under Fairfax Avenue, and east under
Sunset Boulevard; pass through the Santa Monica Mountains; and terminate at the

Lankershim Boulevard/Chandler Boulevard Staticn in North Hollywood.

At the present time preliminary engineering for the project is in the conceptual
stage. Construction plans and supporting pre-preliminary cost estimates have
been prepared. SCRTD has determined that it is in the best interest of the
project to have the current plans and preliminary estimates reviewed objectively

to ensure that:

o The plans reflect the optimum in terms of efficiency, safety, and current

construction methods.

] A reliable check estimate is made, structured so that the conceptual cost

estimate can be verified.
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The Ralph M. Parsons Company has reviewed the current construction planning.
Comments on the constructibility of the project as planned have been prepared,
along with considerations for changes that would help to incorporate the
experience of the review team in the identification of state-of-the-art elements
for project execution, economy of resources, system reliability, and safety.
Concurrently, the existing preliminary cost estimate was reviewed, and a revised

summary of cost was prepared, with backup detail supporting suggested changes.

The personnel who performed the review were thoroughly experienced in tunnel,
underground rapid transit system, and passenger station construction. Engineers
and estimators who have prepared detailed estimates for this type of construction
project, and a fully qualified value management specialist, were participants.
They examined the proposed route and reviewed each station area for location,
congestion, and potential construction problems. Key personnel who reviewed the
estimate have had recent relevant experience in tunneling projects, and both are

familiar with local soil, rock, and fault conditions.

The proposed routing and the project schedule are shown on the following pages.

vi
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SECTION 1

SCOPE OF WORK

Parsons has reviewed and incorporated suggested changes to the pre-preliminary

coat estimates developed by the District's General Engineering Consultant. The

effort was limited to construction of the tunnel, the cut-and-cover portion of

the line, yards and shops, and stations. The services included were:

(1)
(2)
(3)

(4)
(5}

(6)

Review of cost, gquantity, and manpower estimates.

Review of contractor's overhead and profit allocations in the estimates.
Verification that the cost estimates support the required levels of
safety, environmental, and quality assurance considerations.
Identification and resolution of any discrepancies in cost estimates.
Evaluation of basic constructibility assumptions inherent in the cost
estimates.

Preparation of a written report documenting findings.

1-1
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SECTION 2

ESTIMATE REVIEW SUMMARY

The Scope of Services To Be Performed as outlined in Section 1 for the estimate

review of the major civil and structural elements of SCRTD's Metro Rail Project

was performed as follows:

(1

(2)

@ 3

(4}

(5)

Quantities were checked and comparisons were made among Similar
structures.

Cost data were reviewed and unit prices were checked against reliable
published data sources. Labor crews, equipment production, and
materials were evaluated to estimate costs for special work.

Labor and skill estimates were reviewed by using manloaded unit costs to
validate manpower requirements.

Contractor overhead and profit markup was reviewed for the type of
construction to be performed. Safety, environmental, and quality
assurance were considered to assure that they were incorporated into
estimates.

Discrepancies in the cost estimate were identified and revised costs

were developed to reflect corrections.

Table 2-1 is a summary of the results of the estimate review. The basic

documents used in the estimate review were:

(m

SCRTD Metro Rail Project - Summary FIS - Capital Cost Estimate in

constant (Fall of 1982} dollars.
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Table 2-1 - Summary of Costs

GUIDEWAYS

Dual Track at Grade
Dual Track Cut and Cover
Dual Track Twin Tunnel
Pocket Track
Crossover
Line Vent Mechanical
Line Vent Structures, City
Line Vent Structures, Mountains
Crossover Vent System Mechanilcal
Underpinning
Miscellaneous
Subtotal

STATIONS

Stations

Single Level Line Vent Mechanical
Over-Under Line Vent Mechanical
Underpinning

Subtotal

PARKING

At Grade
Structure
Subtotal

TRACK WORK

Ballasted at Grade
Direct Fixation
Subtotal

YARDS AND SHOPS 3
Demolition

Site Preparation
Structural

Yard Lighting

Main Shop Building

M of W Bullding
Transportation Building
Car Cleaners Bullding

SCRTD

2 January 83

$ 1,200,000
8,300,000
384,200, 000
24,900, 000
35,500,000
2,800,000
8,100,000
10,400, 000
2,200,000
2,800,000
23,400,000

$503,800, 000

$361,300,000%
22,300,000
10,400, 000
18,300,000
18,600,000%

$530,900, 000

$ 400,000

43,800,000%%

$ 44,200,000

$ 15,800,000
46,500,000

$ 62,300,000

$ 16,200,000

%Parking structure deleted from stations
#%#Tncludes unidentified parking structure

PARSONS-

Parsons Difference
25 March 83 {+ or -)
$ 1,200,000 $ -0-
41,925,000 33,625,000
590,975,000 206,775,000
56,250,000 31,350,000
80,500,000 45,000,000
3,065,000 265,000
9,350,000 1,290,000
14,000,000 3,600,000
2,410,000 210,000
2,800,000 ~0-
23,400,000 ~0-

$825,915,000

$475,279,000
24,415,000
11, 386,000
-0-
-0

$322, 115,000

$113,979, 000
2,115,000
986,000
-18,300, 000
-18,600,000

$511,080,000

$ 80,180,000

$ 400,000 -0-
20,000,000 -23,800, 000

$ 20,500,000 $-23,800,000

$ - $ -

$ 62,300,000 -0-

$ 46,200,000 -0-



5.0

5.11
5.12
5.13
5.14
5.15
5.16

YARDS AND SHOPS (Contd)
Test Building
Ext. Car Wash
Traction Power Building
Fixed Equipment
Yard Vehicles
Tail Track
Subtotal

TOTAL COST

Table 2-1 - Summary of Costs {(Contd)

PARSONS-

SCRTD Parsons Difference
2 January 83 25 March 83 (+ or =)
23,500,000 28,440,000 4. 940,000
$ 69,700,000 $ 74,640,000 § 4,940,000
$1,110,900,000 $1,494,335,000 £383, 435,000

o — v — i —— ——
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(2) SCRTD Metro Rail Project - Detalled Cost Estimate - backup data.
(3) Milestone 3, Route Alignment Alternatives, Recommended Alignment, Plan
and Profile Drawings.

{4} Metro Rail Starter Line Schematic Diagram.

(5) Geotechnical Investigation Report.

(6) Station Footprint Drawings, 8-1/2 x 11, Weese, 1982.

(7) Drawings of Western Station.

{8} Functional Plan - Yards and Shops.

(9) Project Schedules.
(10) Proposed Tunnel Liners Drawings.

(11} Proposed Cross Passage Drawlings.

The review began with the review team's familiarization study of the estimate.
They ldentified the source of costs posted on the summary sheet and at the same
time identified the scope of work included in the items of work. Comparison
tabulations of quantities and costs of major work elements were made to determine
if any one station, structure, etc., was excessive on a per-linear-foot, or other

common unit, basis.

Where significant variations were noted, individual items were examined to
determine whether there was a logical explanation for the difference. In
conducting the comparison studies, the quantities for the major items of work

were checked and the unit prices were analyzed.

In conjunction with these activities, Parsons performed a manpower requirement

study. Where construction crews were given, such as in the estimate backup for

2-4
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the tunnel portion, manpower was verified by the classifications that are needed
to perform the work. Where costs only were given, detailed unit prices were
recomputed, or broken down, to determine the number of personnel that are needed

in each classification, together with activity durations for total mandays.

In Section 6 of this report, a tabulation and backup are provided to show the
estimated total mandays or manyears of labor, by craft, that are required to

construct the major civil and structural elements of the Metro Rail Project.

2.1 STATIONS

Our review of the station cost estimates found that there were some major
unidentified differences in quantities and costs of some stations. For example,
the concrete quantity for the Fairfax/Beverly Station seemed extremely low
compared to similar stations, while the Union Station concrete quantities seemed
high. The 1st/Hill, 5th/Hill, and Wilshire/Fairfax Stations were analyzed
separately because they are larger, over-under or two-level structures. Further
review of total costs of individual stations disclosed additional major
differences. It was found that the Fairfax/Beverly and Universal City Stations
included the costs of parking structures, which were not included in other
stations. Initially, it appeared that the Universal City 3tation was very
expensive compared to the other stations. When the parking structure cost was
separated from the Universal City Station, the cost seemed reasonable. When the

Fairfax/Beverly Station parking structure cost was separated, the station cost

appeared low.

I3



PARSONS-

The study also indicated lower-than-average costs for the Alvarade, Vermont, and
Normandie Stations. A detailed review of these station costs indicated a
reduction in cost had been made for a reduction in depth. The reduction in cost
was computed in the original estimate at $460,000/vert ft. Upen investigation,
we concluded that the reduction was excessive. In ocur judgment, only machine and
hand excavation, compacted backfill, spoil disposal, soldier piles, and lagging
would be significantly affected by the change in structure depth. The
$460,000/vert ft reduction had also been applied to the 1st/Hill and the 5th/Hill
Stations. Our revised evaluation of the cost reduction amount for a change in
depth is estimated to be an average of $100,000/vert ft/station, a significant

difference from the given estimate.

2.1.1 DEMOLITION
There were no major questions that arose in the review of the demolition section

of the estimate.

2.1.2 EARTHWORK

In the earthwork section, the team took exception to the estimate for machine
excavation. We determined that the $3.30/cu yd unit cost does not appear to
reflect the added costs of holsting material from below grade, interference with
utilities, shoring struts, and concurrent installation of lagging. Cur
experience indicates that there will be interferences and disrupticns at street
level that will affect the excavation costs, which could include removal and
replacement of decking and other provisions for traffic. Therefore, the revised
estimated cost for machine excavation is $6.00/cu yd. The estimates for hand

excavation costs appear to be adeqguate.

14
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2.1.3 DISPDSAL OF EXCESS SCIL

The team addressed the cost for disposal of the excess soil. A unit cost of
$6.00/cu yd loose seems adequate. However, the check of the quantity to be
disposed of appears low. The swell factor is acceptable. The SCRTD estimate
indicates a total of approximately 1,550,000 cu yd of excess disposal. This
appears to assume that approximately 500,000 cu yd of material will not need to
be hauled away from the work sites; presumably, it may be used for backfill. It
is our judgment that all material, approximately 2,005,000 cu yd from the open
cuts, will have to be hauled away since there appear to be no onsite storage
areas. At a later date, either the material will be reloaded or new material

will be purchased and hauled to the site for backfill.

2.1.4 SOLDIER PILES, LAGGING, AND DECKING
The soldier pile, lagging, and decking quantities and costs appear to be

reasonable and acceptable for the preliminary estimate.

2.1.5 CONCRETE WORK

The review of the concrete work appears to reflect basie "Means" unit costs for
standard construction at ground level. It appears that there was no adjustment
made for the Los Angeles area. It was also noted that the estimated costs do not
allow for support facilities, crews, and equipment required for handling
materials and supplies below grade, and the standby time normally encountered
with this type of construction. Moreover, the station construction will
generally be performed in restricted work areas. This will require staging areas
located at some distance from the work site with redundant crews, and

transportation from the staging areas to the stations.

(3
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2.1.6 TRAFFIC MAINTENANCE

Our review indicates that the estimate provided for traffic maintenance at the
station areas is also low. Generally it provides only chain-link fencing, plus
an allowance for miscellaneous items. Adequate allowance should be provided for
flagmen, barricades, signal 1lighting, traffic lane marking and control,
lighting, crosswalks, maintenance of safety lanes for emergency vehicles, guard

service, weekend maintenance, and pumping, to maintain traffiec flow.

2.1.7 OVERHEAD AND PROFIT

In reviewing the SCRTD estimate's overhead and profit factors, it is noted that
10% overhead, 1% bond, and 5% profit, as used, reflect building-type construction
in which many of the safety, environmental, and quality assurance
considerations, including insurance premiums, are not as great as those
associated with underground heavy construction. Moreover, the risks to the
general contractor are greater in underground work, as compared to aboveground

building where much of the work is subcontracted.

The 10%, 1%, and 5% figures might have been realized in fall 1982 bidding, but we
question whether the District should base their planning on a period when prices
are severely depressed. If the economy picks up, as it appears to be doing in

late March 1983, more normal overhead and profit allowances should be predicted.

As a result, the factors that we have used for overhead have been increased to

15% and risk or profit to 10%, resulting in a total markup of 26.5% on the direct

costs.

2-8

(A



PARSONS-

2.1.8 STATION ESTIMATE ADJUSTMENTS

As a result of the station estimate review, the following adjustments were made:

(1} Machine excavation costs increased
$3.30 to $6.00/cu yd. Total volume of
spoil disposal increased from approximately
1,550,000 to 2,005,000 cu yd

Total Addition $ 7,062,000
(2) Area labor factor adjustment 4. 058,000
(3) Additional handling, ete. 2,560,000
(4) Adjustments to labor in restricted areas 6,520,000
(5) Contingency for unforeseen construction
difficulties 22,011,000
(6) Traffic maintenance and control 10,879,000
. (7) Correction to reduction for depth of
stations including overhead and profit,
$3,072,000 vs. $14,260,000 11,188,000
(8) Overhead and profit at 15% and 10%,
26.5% vs. SCRTD 15.5% 36,976,000
Total station shell increase 101, 254,000
{9} Overhead and profit on station finish at
15% and 10%, 26.5% vs. SCRTD 15.5% $ 12,725,000
Total staticn increase $113,979,000

2.2 GUIDEWAYS
The review of the guideway estimate was made in two parts: the dual-track'twin-

tube tunnels and all other work.
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2.2.1 DUAL TRACK AT GRADE
The dual track at grade was not clearly defined and, since it was a small item,

was accepted without further study.

2.2.2 CROSSOVERS, POCKET TRACK, AND CUT-AND-COVER ITEMS

A detailed study was made of the crossovers, pocket track, and cut-and-cover
items. It was noted that a unit price of $4,930/1in ft was used for the cut-and-
cover section and $11,000/1in ft for both the pocket track and crossovers. We
did not find any detail backup supporting the unit costs. However, in the
previous study that had been completed on the stations, a detailed breakdown of
costs had been developed for the following major items of work on a per-linear-ft

basis, which we utilized as appropriate:

° Site restoration e Democlition

] Traffic maintenance e Machine and hand excavatiocon
° Utilities suppert e Soldier pile and lagging

] Mobilization e Decking

. Underpinning e Concrete {forms, etc.)

The total unit costs for all of the above, based on 10,618 lin ft of station

construction at a direct-cost level, amounted to approximately $20,000/1in ft.

For our analysis, we determined that the work associated with the dual Erack, cut
and cover, pocket track, crossovers, and tail track would be related to and would
be much the same as for stations, and that all the above work items would be

required. We recognized that the only significant difference in cost between

1%
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stations and the guideway items would probably be in concrete work, where the
cut-and-cover sections may not have platforms, rooms, entryways, and detaill

finish. The other items of work and cost would be similar to those for stations.

To estimate the cost of the crossovers, pocket track, and cut-and-cover items we
applied unit costs from the aforementioned station studies to the individual
elements. With 26.5% overhead and profit, our estimated unit cost is $25,000/1in

ft for the cut-and-cover items.

2.2.3 VENT STRUCTURES AND SHAFTS
Vent structures in the city were reviewed, using the SCRTD estimates, in a manner
similar to the cut-and-cover study. Adjustments in costs were made for machine

excavation, spoil disposal, and overhead and profit.

For the vent shafts in the mountains, it was determined that the estimate was for
a raise-drilled shaft, and a unit cost for drilling had been developed. We found
that the units for earthwork and drilling had not been extended, and that the

resulting cost of the shaft excavation was not included in the SCRTD estimate.

Our estimate of raise-drilling was then developed, based on the fecllowing four-

step operation:

(1) Pilot hole € 10 ft/hr
(2) First slash cut & 4 ft/hr
(3) Second slash cut & 3 ft/hr

(4) Third slash cut & 2 ft/hr

2-11
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A total of 75 work shifts was estimated for the shaft excavation with a 12-man
drilling and support crew. Drill rig rental and operation costs were estimated
at $720/hr, cutter costs at $20/cu yd. These items, together with normal support
equipment, indicated that the SCRTD estimated costs per linear foot were adequate

or reasonable.

The SCRTD estimate was adjusted to incorporate the omissions. Noting that shaft
drilling is a high-risk operation, a 15% overhead factor was added, plus 1% for

bond and 17% for risk and profit. The 17% factor reflects a 30% factor on labor.

2.2.4 OTHER GUIDEWAY ITEMS
The remaining items in the guideway section, except the dual-track twin-tube
tunnel noted below, were accepted as estimated by SCRID at direct cost; however,

a 26.5% overhead and profit factor was included.

2.2.5 DUAL-TRACK TWIN-TUBE TUNNEL

We reestimated the construction cost of the twin-tube tunnel. OQur estimate was
based upon normal competitive conditions, with labor and material costs that
existed in the fall of 1982. It further considered demonstrated performance with
tunnel boring machines (TBMs) rather than optimistic projections of substantial
improvements. Following this estimate, which we consider most likely, we discuss
the impact on costs of possible higher advance rates, construction methods that
deviate from earlier methods but that might be used by contractors to cut their

costs, and lower overhead and profit margins.

The analysis we made of tunnel driving progress confirmed the SCRTD rate of 25

ft/day in alluvium and up to 40 ft/day in the Fernando Formations and rock. A
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detailed analysis of the tunneling cycle is included in Section 5. Analysis of
the tunnel driving manpower was then performed. This led to a determination that
72 men/day (30 on day shift, and 21 men each on swing and graveyard shifts) would
be required at the portal for support and service to the TBM driving. The
heading crew for each TBM was estimated at 11 men per heading per shift for a
total of 66 men/day. A transportation (underground muck handling) crew for an
average of two trains per heading, per shift, was determined for a total of 24
men/day in two tunnels. A bull gang of 9 men/day per heading was estimated to be
required for handling utilities and associated work, for a total of 18 men. The
crew thus developed totaled 180 men/day, the same number as was used in the SCRTD

estimate.

Once production rates and crew size were validated, the number of questionable
areas was reduced.‘ A difference in tunnel driving time was found in Reach 2 and
Reach 8, where there are over-under stations. Our analysis showed that since
concurrent headings would occur, tunnel driving times through the areas of the
1st/Hill, 5th/Hill, and Wilshire/Fairfax Stations would be greater than the time
allowed for skidding through the station. It is our judgment that excavation of
the three over-under stations cannot be accomplished conveniently until the
tunneling is completed. Therefore, we conclude that the tunnels will have to be

driven through the stations.

A. Construction Plant

The construction plant and the TBMs were reviewed. The estimated costs for the
TBMs and ancillary equipment seem reasonable at this time, particularly since the

type of equipment has not been finalized or selected to meet the ground
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conditions. A thorough study could not be made of the ground types, sc the SCRTD

analysis was accepted.

The other tunnel construction plant was then reviewed. Our evaluation indicates
the average cost of $2 million per reach is extremely low. We estimate that
costly 25-ton locomotives would be required to operate on and negotiate the
maximum 4% grades. There will also be a high cost for ventilation equipment,
rails, utility lines, and support equipment. The resultant plant cost for seven

reaches exceeded the SCRTD estimate by $18 million.

B. Consumables

A detailed review was made of consumables, including electric power, fuel,
equipment operations, small tools, and TBM cutters. The t;tal far exceeded the
SCRTD estimate of $H,000/week and resulted in an increased cost of $22 million

(see details in Section 5).

C. Precast Tunnel Liners

Qur review and estimate for fabricating the concrete tunnel 1liners indicated
costs of $600/1in ft and $800/lin ft of tunnel bore would be encountered for the
two major types of liners, ungasketed and gasketed. The resultant increase in

liner cost is $34 million.

D. Muck Disposal

The muck disposal unit cost of $6.00/cu yd in the SCRTD estimate seemed
reasonable. However, as we see the necessity of excavating through over-under

stations, it imposed an added cost of approximately $1 million.

o TR LIRRADY )
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E. Cross Passages

Estimates were then prepared for excavation and concrete lining of the cross
passages. It was assumed that this work would not be performed until the tunnel
excavation was complete, to avoid interference. It was determined that crews
would be excavating and concreting in two cross passages at a time, thus tying up
the tunnels. Removal of segments would be required, and excavation and support
of cross passages would be a hand operation requiring liner plate and ribs for
support. There were no details given for the SCRTD estimated costs of the cross
passages. We estimated that the SCRTD costs were low for the support and
services at the portal and for consumables and equipment operation required to
perform the cross-passage work. Our estimate therefore indicates an increase of

approximately $20 million in the SCRTD estimate for cross-passage construction.

F. Tunnel Finish

We performed a similar review and estimate for tunnel finish. It was based on
the assumptions that 1.25 cu yd of concrete per foot of tunnel = 2.5 cu yd and
that handrails could be installed at a rate of 200 lin ft of finish per day. ‘The
resultant cost of tunnel finish amounted to an increase of $24 million, a total
cost of nearly $400/lin ft compared to the SCRTD estimate of $100/1lin ft. It is
our judgment that Jjust the concrete and handrail purchase cost exceeds
$100/1in ft. We feel that support, services, consumables, and equipment

operation costs were too low.

G. Steel Liner in Tunnel

The steel liner for gaseous areas was analyzed. The SCRTD quantities, reaches,

and production rate were accepted.’ However, our estimate exceeded the SCRTD

2-15
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estimate by $5 million. We suspect this to be a result of support, services,
consumables, electric power, and equipment operation costs, as was noted in the

estimate for tunnel finishes.

H. Tunnel Cleanup

We estimated tunnel cleanup costs, based upon an assumed 500 lin ft of tunnel per
day for a total of $5 million. The SCRTD estimate did not have a cost for this

item.

I. General Expenses

The review of general expenses was predicated on agreement that supervisory,
engineering, accounting, and clerical labor of 30 people per day was required.
The SCRTD estimated markup of 15% for both overhead and profit on direct costs
for the tunnel in our judgment is not adequate. OQur experience indicates that
the total contractor overhead, including supervision labor, should be 15%.
Insurance, taxes, permits, fees, parking fees, rental of property, and other
items will amount to a significant sum. 1In addition, surveying, ground control
moniteoring, offsite storage, and staging areas requiring considerable added
transportation costs will be needed, and traffic control at the surface around

muck handling and material handling areas will result in costly overhead.

From our current and recent experience with contractors, it is estimated that the
risk and profit markup will be approximately 17%, based on variable factors

ranging from possibly 30% to 35% of labor, down to 5% of plant and equipment.
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In view of this reanalysis of the overhead and profit, the increased cost
developed for these two items amounts to $40 million for overhead and $36 million

for risk and profit, for the seven reaches of tunnel.

J. Guideway Cost Summary

Total cost developed for the dual-track tunnel is $590,975,000, for an average
cost of $7,315/1in ft, as compared to the SCRTD estimate of $384.0 million or
$4,752/1in ft. The resulting increase is $206 million. Our estimated cost per
foot of tunnel is very similar to the actual cost realized on the Baltimore Rapid

Transit subway project.

Tunnel costs, as reestimated, ranged from a low of $6,228/lin ft for Reach 12 to

a high of $10,509/1in ft for Reach 8.

ADDITIONAL CONSIDERATIONS
While our analysis mentioned above as well as the actual experience of
contractors on the Baltimore Rapid Transit project confirmed the 25 and 40 ft/day
advance rates, recent experience with TBMs gives some credence to possibly higher
rates of advance. While we could not recommend such increases without
substantial analysis, we did evaluate the impact on tunnel construction cost if
advance rates were to average 40 ft/day in alluvial soil and 60 ft/day in rock.
This single factor would reduce the tunnel cost by $63.9 million and save several
months of schedule. Details of this reduction are included in Section 5 of this

report.
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In our basic estimate, we have assumed that the cross-passage construction,
tunnel cleanup, and tunnel finishing operations will be conducted in series. If
a contractor were to develop methods to perform these tasks as the tunnel boring
progresses, substantial savings could be realized in Service and Support at the
portal (again with savings in time as well). Our estimate is that this method
could yield savings of $23 million ($8.5 million for the cross passages, $3.0
million for cleanup, $6.3 million for tunnel finish, and $5.1 million for general
expense). Details of these reductions are included also at the end of Section 5.
These savings are enough to justify considerable attention during the design and

construction planning effort to allow concurrent operations.

Another item we considered with regard to possible lower bids was the allowance
the contractors will make for overhead and risk/profit. The rates we have
assumed are consistent with actual bids on WMATA and Baltimore, but may be higher
than contractors are presently bidding. Numerous examples are reported where
contractors are bidding much tighter on these key controllable factors. For that
reason, we computed the impact on total cost if the contractors were to bid at 8%
overhead with 50% of labor for risk/prefit. This assumption reduces cost another
$27 million. Again, we reiterate that this reduced margin is a condition that
may pertain today but did not two years ago and may not two years from now. We do
not recommend for or against using lower overhead and risk/profit figures but

simply point them out as relevant under today's environment.

The sum of the above potential reductions is $114 million. If all these savings

could be achieved, the total estimated cost for the tunnel construction would be

$477 million. Thus, we would conclude that the sum of bid amounts for the
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tunnels, if the work had been bid in late 1982, would be somewhere in the range of

$477 to $590 million.

In addition to the above, we believe that savings could be made by using steel
liner plate or steel-lined precast concrete liners in the gaseous sections of the
tunnel. Possibly, modifying the lining in the rock section and eliminating
precast liners could also result in lower costs. A more thorough study of the

geology must be made to confirm this procedure.

2.3 QOTHER WORK

Cost elements that were included in other work are:

® Item 3.0 - Parking
® Item 4.0 - Track Work

® Item 5.0 - Yards and Shops

Ttem 3.0 of the basic SCRTD estimate, Parking, was reviewed, and the costs

appeared to be reasonable. The overhead and profit factors were changed to
remain consistent with the factors applied to Item 2.0 (Stations) and for

comparison purposes, except for parking at grade.

There are unidentified costs for structures in the SCRTD summary amounting to
$26,639,000. We could not obtain the necessary backup for identifications.

Therefore, these costs have been excluded in the Parsons comparison estimate.
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Parsons estimate review of Item 4.0, Track Work, found the costs reasonable; no

ad justments were made.

The comparison review of Item 5.0, Yards and Shops, found the cosis reasonable

except for the tail track, which Parsons has designated as 5.16.

SCRTD had prepared an estimate for the tail track of 900 1lin ft. This estimate
was reviewed, and minor changes were made to the earthwork and other areas. It
was found that the tail track, except for architectural and mechanical items
included, had a unit cost consistent with that for the cut and cover, pocket
track, and crossovers. The adjustment to the item increased the cost
approximately $5 million, of which approximately $1.4 million was due to an error
in addition of reinforecing steel and $0.7 million to earthwork. The remainder

was due to the adjustment in overhead and profit.
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SECTION 3

CONSTRUCTIBILITY REVIEW

In conjunction with the preparation of the tunnel estimate, a preliminary Tunnel
Construction Logic Schedule has been prepared (see Appendix C). Contract award
dates were taken from the SCRTD Project Schedule (Appendix E) for each of the 14

major reaches of the Metro Rail Project.

The major open-cut and tunneling construction operations have been laid out on a
time vs. distance or location scale. From this logic schedule it can be seen
when work areas will be available and when and where the tunneling contractors
will be working. It should be noted that the durations shown are in agreement
with the durations used in the SCRTD estimate. Portals or work areas are also in
accordance with the SCRTD estimate, and the direction of tunnel driving 1s as
shown in the SCRTD Starter Line Schematic Diagram (Appendix D). Unless some
features have detailed data of which we are unaware, our short study indlcates
that the schedule should be thoroughly reviewed. It is noted that in many
instances Stage II station construction awards are scheduled prior to completion

of tunneling, which would delay Stage I unless joint occupancy is specified.

A more thorough study of the logic was not permitted due to the limited time for
the reviews. Reference is made to possible savings in costs in Section 2, where
it is suggested that fabricated-steel gasketed tunnel liner could be used in the
areas of gas and/or oil. This substitution appears to reduce the labor

requirements and shorten the construction durations for these reaches. In

29



PARSONS-

addition, welding in gaseous areas could possibly be eliminated. If required, a
cast-in-place concrete tunnel lining could be installed within the liner.
Another option might be steel-faced concrete liners; however, the welding of
joints would not be eliminated. No matter which method of prefabricated tunnel
liners is used, tapered sections will be required on curves, thus requiring rigid

control to avoid construction or erection problems.

The rock section through the mountain should be reviewed to determine the need
for precast concrete liners for both temporary and final support. The numerous
faults will present problems to a TBM. However, if there appears to be enough
competent material to permit use of a gripper-type TBM, it is estimated that the
progress could be improved significantly by omitting precast liner installation.
If the tunnel then requires a lining, cast-in-place lining could be placed in

conjunction with the tunnel finish operation.

Throughout the tunnel, extreme caution will be required to avoid contaminated air
or explosions due to gas. Constant monitoring will be required and pilot or
feeler holes should be drilled ahead of the excavation to determine both ground

conditicons and the presence of gas and oil.

Investigations should be made in the area of the Fairfax/Wilshire Station to
determine if slurry walls should be used in lieu of standard soldier beams and
lagging for shoring. There may be other areas of high groundwater that would

benefit by the use of slurry walls, with concrete placed prior to excavation.
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While our constructibility review indicated that the schedule is reasonable, it
does not have any contingency or "float" time, which could be used if and when
unforeseen events occur. The interdependence of all separate contracts invites
sympathetic delays in other activities when a casualty or breakdown occurs that

affects a critical path activity.

The project's success will depend on adequate monitoring, timely and appropriate

responses to problems, and the management organization's ability to act in

advance of potential delays and when the unforeseen is encountered.

3-3
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SECTION 4

VALUE MANAGEMENT STUDY

4.1 BACKGROUND

During the evaluation of estimates for construction of the Metro Rail Project,
key Parsons staff personnel called on their project-related experience to
develop a value management approach that would contribute to the following

objectives:

# Overall economies
o Reducing the risk of delays
e Minimizing the potential for changes and impacts on interfacing contracts

e Improvement of management control over costs and schedules

At this point in the project, the discipline of value engineering, that is, the
traditional review of detailed design for cost reductions or savings, would be
premature. Even as the design work progresses from its present
conceptual/preliminary stage, a value engineering effort on separate design
units could create a degree of complexity and invite delays when differing

opinions must be adjudicated before a change is fully acceptable.

Applying the principles of value management to the structure of the project today
discloses a number of opportunities that would coincide with the objectives
stated above. Drawing from past and recent transportation projects, the staff

addressed the most significant problems encountered. They have been translated
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into specific recommendations that SCRTD should consider. The implementation of
a value engineering program, in the form of contract clauses with incentives for
participant contractors as well as SCRTD, would be most beneficial. The value
engineering conditions should be formulated in the construction and supporting

contractor documents.

4,2 DISCUSSICN

Taking the design units, the implementation schedule, and the cost elements into
consideration, the key to achieving the objectives lies in the approach taken to
avoid the usual problems encountered in this type of project. It goes without
saying that the most difficult phase of underground construction is excavation.

The Metro Rail Project has large excavations in three categories:

e Hard rock tunneling - more than 16,450 linear feet
e Soft ground - 66,600 linear feet

e Open cut - 16,700 linear feet

The problems arise when the obstacles that are unforeseen by design are encoun-
tered during construction. The "unknowns" will cause delay and impact costs.
Once alignment is established, the design will be used to estimate progress on a
repetitive and continuous basis, so any obstacle that affects the predicted

progress rate will probably have an impact on the activities that follow.

To provide for cost or delay avoidance, the authority can provide management
decisions. One action to be considered is an early start for tunneling in hard

rock or soft ground and, where appropriate, early start for the placement of
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piles for support of open cut and underpinning. Early start for open cut
excavation is not without inconvenience. The risk of, and expense for,
additional shoring and dewatering may not make early start attractive for this
type of excavation. This alternative alsoc requires excavaticn to proceed prior
to completed segment designs, which results in separate and interfacing
contracts. Certainly, a tradeoff study should be made to weigh advantages and

disadvantages.

In subsequent phases such as station construction, auxiliary facilities, and
systemwide elements, the District can provide a value management approach that
should be helpful in attainment of the aforementioned objectives. The elements

ineclude, but are not limited to:

o Simplification of station structures and the means by which components
are formed or emplaced on a {as nearly as possible) repetitive basis.

o Standardization of design of modular elements, which would permit the use
of precast components delivered from a central fabrication site if the
contractors elect to use this construction method.

e If utility company and trade union agreements permit, use of prefabricated
cable trays, vaults, and utility tunnels for permanent and/or temporary

service lines.

'In retrospect, experience shows a multitude of problems arising during construc=-
tion activities that were not specifically foreseen by designers and engineers.
Left to their own devices, the construction contractors must resolve these

problems with corrective activities in the manner and at the time best suited to
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the characteristies of their labor forece, equipment, and scheduled operations.
The problems that characterize this type of project are generally associated

with:

Moving materials to or from the Jjobsite.

e Maneuvering equipment, powering, and/or serviecing on the jobsite above
and belcow ground.

e Maintaining an orderly flow of vehicular and pedestrian traffic.

e Providing the means for reliable continuity of utility services (water,

power, sewage, and telephone).

With a history of problems and these general experience factors in mind, specific
value management recommendations have been identified in the section that

follows.

4.3 SPECIFIC RECOMMENDATIONS

Under the headings below, candidate items for value judgment are offered.

4.3.1 HARD ROCK TUNNELING

We concur with the Distriect's plan to award a single construction contract for
design unit A410 through the mountains, but recommend that this unit be inecluded
in the first phase, on the basis of dealing with obstacles or unknowns that could
create delays. Since this is the only major area of hard rock, only cone
contractor would mobilize for hard rock tunnel driving. The length of this
section is adequate to permit full use of materials and equipment for the most

economical performance. We recommend that all of the pocket track at

4y
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Hollywood/Cahuenga be included with the tunnel to provide the tunnel contractor
with a dedicated laydown area and access to the tunnel, thus eliminating

schedule, dual-responsibility, and joint-occupancy problems.

4,3.2 SOFT GROUND TUNNELING

SCRTD envisions six contracts for this work. We concur with this concept;
however, additional studies should be made of a possible restructuring of the
contract reaches to permit the greatest amount of work with a minimal amount of
equipment. In addition, the open-cut excavation and support, particularly at the
stations, should be studied for incorporation into the tunneling contracts. This
restrﬁcturing may provide better and more timely access to the tunnels, with the
elimination of dual responsibility, joint occupancy, and interference between

contractors.

4,3.3 STATION EXCAVATICN

As noted in the preceding paragraph, it may be desirable to perform some station
excavation as part of the tunnel construction, in order to provide timely access
for the tunnel contractor and avoid dual responsibility (maintenance,
dewatering, ete.), joint occupancy, and other interferences. The station shell
construction should be reviewed to determine if 1t should be the tunnel
contractor's responsibility or a follow-on contract. All ground support,
soldier piles and lagging, slurry walls, and decking must be approved. Excavated

areas must be adequate for construction of the station within the area.
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4.3.4 GROUTING FROM THE SURFACE

When changed conditions occur in tunneling, fast response by a grouting
contractor can get the work back on schedule and minimize costs. It is
recommended that a single contract be let for grouting from the surface, either
ahead of or with the tunneling, to provide grouting for stabilization of loose
material. This on-call contractor has to coordinate his work to meet the needs
of the package contractors, again with proper incentives for quality, quantity,

and timing.

4,3.5 SUPPORT OF UTILITIES

It is well known that extraordinary coordination for utilities is necessary. The
benefit of one or more contractors assigned exclusively to this activity should
be considered so that continuity and single-point management of the work and its
consistency is maintained. Alternately, if each area or segment contractor
handles temporary, relocation, and permanent utility installations in his area,

special considerations incorporated into construction documents can include:

e Use of fiberglass tubes or ducting instead of heavy concrete pipe. If
permanent concrete pipe must be emplaced, it may be practical to form
around the tube, which then becomes a liner. This may be particularly

desirable if interruptions are to be avoided.

® Prefabricated power sections of varying length with disconnects can be

procured and used by contractors where temporary services are required.

e~
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These have the advantage of reuse for the life of the project and beyond,

with careful handling.

4.3.6 DESIGN

Incorporation of the excavation support along with the structural walls of the
station or vent shafts is recommended. Slurry walls or secant piles can be used
to reinstall permanent streets across major intersections as soon as the slurry
walls are completed and utilities are emplaced and supported. The deck, as a
concrete bridge, would be used rather than wood decking. When the station
construction is complete, the entire street can be bridged, with the area between

the station rocof and the street serving as a utility duct.

In order to minimize the repetitious expense of custom-made forms, the designers
should review the use of precast units for walls, roofs, platforms, and other
common Structures. It is estimated that potential savings may be realized in the
areas of forming and placing concrete for these facilities if a standard design

is employed.

4.4 VALUE MANAGEMENT/ENGINEERING

SCRTD should have value engineering clauses prepared for inclusion in
construction specifications. It is also important that post-design contracts
awarded to the architect-engineers make provisions for the evaluation of the
value engineering proposals during construction that apply to their designs.
Unless they are given some incentive for this participation, there is a risk that
they would disagree with any proposal to modify their design, however beneficial.

Their participation on a formal contractual basis avoids an adversary situation.
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4,5 CONSTRUCTIBILITY GUIDANCE FOR A/Es

Experience with similar underground mining and transportation systems indicates
areas of concern with regard to construction that the segment designers sometimes

overlook. These oversights frequently affect:

® Safety of construction personnel and the general public

® Maintenance of excavation progress

A brief discussion of the construction aspects of each area is provided. Careful
attention by the General Engineering Consultant when 1initiating and

administering segment design contracts can minimize these problems.

4.5.1 BSAFETY
Construction personnel face hazards at times that are associated with the

following activities:

1. Tunneling

Cave-ins

- Rock falls

- Water intrusion

- Natural gas

- Gas leakage from utility lines
- Falling construction materials
- Damage to equipment

- Slips and falls

- Electrie shock
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- Fire
- Inadeguate ventilation
2. Open~cut excavating
- Injury by moving equipment
= Injury by moving public and contractor vehicles
- Cave-ins or slides during wet conditions
- Electric shock
- Falls into deep excavation
- Injury by falling objects from above
- Fire

3. General construction

Slips and falls

Falling construction materials

Moving eguipment

Public vehicles

Support of excavation or decking failure

Utility support failure

The general public at street level faces hazards that require protection from:

- Contractor's operating equipment

- Materials being lifted

- Failed or inadeguate decking

- BSlips and falls on temporary deck surfaces

5-9
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4.5.2 MAINTENANCE OF EXCAVATION PROGRESS

The most difficult time for the construction contractors to control progress is
during support of utilities (unidentified structures) and during the instal-
lation of soldier piles. The remaining portion of the excavation has the
advantage of having a large open area where heavy equipment can gain access and
can be used. When delays occur, other work areas are available for excavation

Crews.

The open cut construction process usually starts at one end of the site for the
placing of soldier piles. They are placed, in order, down one line to develop a
work area and to minimize equipment moving time. If an obstacle is encountered
during augering, the need for a different construction technique, such as use of
rock drills or breakers, causes a shift in the sequence of placing pile. This
change in sequence appears simple, since the soldier piles are close together.
However, the change could cause extra equipment movement, possible rerouting of
traffic, and delay to the start of the next step in the excavation process.
Excavation in a congested urban area restriets the contractor because he does not
have the benefit of a variety of work areas until he is underground and is not
causing hazards to the public or traffic interference. Attention to such common
problems during design can minimize schedule delays and disruption to utilities

and traffic.

4.5.3 IMPROVEMENTS IN DEEP EXCAVATICON CONSTRUCTION
As more tunneling is undertaken and completed, many variations of tunneling
methods and equipment are taking place. More large contractors have become

proficient in this type of work. It is recommended that the plans and
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specifications for tunneling and deep open cut allow a degree of freedom to
competent contractors and encourage maximum use of their experience in

underground work.
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