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SECTION 1 

IINTRODUCTION 

I 
Kellogg Corporation was retained by the Southern California Rapid Transit Dis- 

trict (SCRTD) to review the $2.3 billion pre-preliminary capital cost estimate for 

their Metro Rail Project. Metro Rail is the starter line of a 140-mile to 160-mile 

Iheavy/light rail rapid transit system which will serve the greater Los Angeles 

area. The initial project includes 18 miles of subway, 16 stations, and a storage 

Iand maintenance yard which will link the densely populated/employed areas of 

central Los Angeles and North Hollywood. SCRTD is currently in the preliminary 

I 
engineerng phase, with final design and construction to take place between 1984 

and 1990. 

IThe pre-preliminary cost estimate was prepared under the direction of 

DMJM/PBQD, A Joint Venture, which was responsible for the guideway, yard and 

Itrackwork estimates. Harry Weese & Associates (HWA), the general architectural 

consultant, was responsible for the stations, parking and control facility. Kaiser 

Engineers (KE) provided cost estimates for the specialty systems such as train 

control, traction power and vehicles. The City of Los Angeles estimated the cost iof utility relocation. 

The summaries of Kellogg Corporation's findings are presented in Section 2 of this 

Ireport. Details of the analysis are discussed in Sections 5-A through 5-Y, with 

supporting documentation and computations contained in the corresponding alpha- 

I 
betical appendix. Section 3 presents Kellogg's scope of work, which is important 

since Kellogg was not required to review all elements of the estimate. Section 4 

defines the documents which formed the basis of the estimate. 

Kellogg's analysis indicates an estimated capital cost, for the scope of work 

Idefined, of $3.0 billion. The pre-preliminary estimate is thus low by $756 million 

or 25 percent. Both estimates are expressed in 1982 dollars with no allowance for 

Iescalation. Kellogg checked DMJM/PBQD's direct costs within 2-1/2 percent. 

The primary variances are in the indirect costs and the method of their applica- 

I 

1 

I 
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I 
The cost of construction of the Metro Rail Project will be greatly influenced by a 
number of intangible factors which include: 

I. The commitment and cooperative spirit of all parties involved, including 
political interests, government interests, utility companies, private busi- 
ness, railroads, contractors, and the labor community. 

Construction management structured for problem-solving, in an effective 
and timely manner. 

I Construction contract language equitable to both parties and clearly 
defining allocation of risk. I Performance of comprehensive subsurface investigations and distribution 
of findings to all parties. 

IKellogg Corporation's check of the pre-preliminary estimate assumed the above 
considerations would be addressed and implemented into the construction 

Iprogram. 

I 
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I SECTION 2 

SUMMARY OF ESTIMATE REVIEW 

In Kellogg Corporation's opinion, the pre-preliminary capital cost estimate, re- 
Ivised January 7, 1983 is low by approximately $756 million or 25 percent. Our 

analysis indicates an estimated capital cost, for the scope of work defined, of 

I$3.027 billion. This total estimate cost is expressed in 1982 dollars, with no 

allowance for escalation. This total also assumes that cost items not within 

I 
Kellogg's scope of review are correct. These items, which are defined in Section 3 

of this report, were not adjusted, and were carried in the estimate at their current 
defined values. 

Kellogg Corporation computed variances from the pre-preliminary estimate on a 

Idirect cost basis. The DMJM/PBQD total estimate was reduced back to a direct 
cost level to which this net variance was applied. To this adjusted direct cost 

Isum, was added recommended allowances for contractor mark-ups, engineering 

design and construction management, SCRTD agency costs, wrap-up insurance, 
contingencies and right-of-way. 

The dollar summaries of Kellogg Corporation's findings are contained in the tables 
Ion the following three pages. At the direct cost level, the plus and minus vari- 
ances largely offset each other resulting in Kellogg recommending a direct cost 

Ideduct of $32.7 million or only 2 1/2 percent of DMJM/PBQD's direct costs. 

I 
The major areas of recommended increases are in the costs which are added onto 

the direct costs. This includes contractor mark-ups for which Kellogg recom- 

I 
mends a rate of 43.45 percent versus DMJM/PBQD's rate of 15 1/2 percent. This 

factor alone results in an increase of $338 million. Kellogg has also included an 11 

percent allowance for change orders, differing site conditions, etc., which occur 
Iafter contract bid and award. (Not to be confused with contractor's contingencies 
which are included in their bid mark-ups). The pre-preliminary estimate did not 

Iinclude an allowance for this item, hence the Kellogg recommended addition at 11 

percent results in an addition of $232 million. 

I 

I 
4- 

I 



L 

Kellogg Corporation is in agreement with, and has included the same percentage 

allowances as DMJM/PBQD for design contingencies (20 percent), engineering de- 

sign and construction management (13 percent), agency costs (5 percent), and 

wrap-up insurance (4.2 percent). The method of application, however, and result- 

Iing compounding of dollars is quite different. Kellogg believes that the engineer- 

ing design and construction management, agency, and insurance percentages 

Ishould be applied to a capital cost subtotal which includes the 20 percent design 

contingency. Kelloggs estimate would be $117 million lower without this corn- 

I 
pounding. The method of application of these indirect cost items is subject to 

SCRTD's management philosophy. 

II 
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REVISED CAPITAL COST ESTIMATE 

Contractor's Costs in Pre-preliminary 
Estimate Including Markup 15.5% 

Deduct Contractor's Markup 

Direct Costs in Pre-preliminary Estimate 

Deduct Total Direct Cost Variance According 
to Kellogg Corporation's Estimate (See next 
page for calculation) 

Adjusted Direct Costs 

Contractor's Markup @ 43.45% 

Contractor's Costs in Kellogg Corporation's 
Estimate 

Design Contingencies @ 20% 

Capital Cost Subtotal 

Engineering Design and Construction 
Management @. 13% 

Agency Costs @ 5% 

Wrap-up Insurance @ 4.2% 

Allowance for Change Orders, Differing 
Site Conditions, Etc. @. 11% 

Right-of-Way Acquisition 

Total Revised Capital Cost Estimate 

$1,455,100,000 

-195,300,000 

$1,259,800,000 

-32,687,000 

$1,227,113,000 

533,181,000 

$1,760,294,000 

352,059,000 

$2,112,353,000 

274,606,000 

105,618,000 

88,719,000 

232,359,000 

213,500,000 

$3,027,155,000 
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SUMMARY 
DIRECT COST VARIANCE 

Recom mended 
Adjustment to 

Reference Pre-preliminary 
Section Description Estimate 

5B Tunnels -$30,119,000 

SC Station Shell -13,049,000 

5D Station Architectural +1,350,000 

SE StationsMechanical and Electrical -16,235,000 

5F Crossovers, Pocket Tracks and Tail Track +21,400,000 

5G Line Vent StructuresCity and Mountain -870,000 

5H Vent StructuresMechanical and Electrical -2,700,000 

51 Utilities ±11,815,000 

5J Underpinning -1,157,000 

5K Traffic Maintenance +12,173,000 

5L Dewatering +3,228,000 

5M Trackwork -14,351,000 

5N Traction Power (No Change) 

50 Main Yard -4,300,000 

5P BuildingsStructural and Architectural (No Change) 

SQ BuildingsMechanical and Electrical +128,000 

5R Parking (No Change) 

Recommended Direct Cost Adjustment to 
Pre-preliminary Estimate 

-7- 

-$32 ,6 87,000 



- - - - - - - - - - - - - - - - - - - 

SUMMARY OF 
INDIRECT COST VARIANCES 

Pre-preliminary Kellogg Corporation Recommended 
Description Estimate Estimate Change 

Contractor's Markup $195,300,000 $533,181,000 Add $337,881,000 

Design Contingencies $291,000,000 $352,059,000 Add $ 61,059,000 

Engineering, Design, and 
Construction Management $189,200,000 $274,606,000 Add $ 85,406,000 

Agency Costs $ 72,800,000 $105,618,000 Add $ 32,818,000 

Wrap-up Insurance $ 50,000,000 $ 88,719,000 Add $ 38,719,000 

Allowance for Changes, 
Differing Site Conditions, 
Etc. $ 0 $232,359,000 Add $232,359,000 

Total Recommended Changes 
for Indirect Costs Add $788,242,000 
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SECTION 3 

KELLOGG CORPORATION METHODOLOGY AND SCOPE OF WORK 

Kellogg Corporation accomplished this scope of work in accordance with our pro- 
posal to SCRTD dated February 7, 1983. Work was commenced on March 1, 1983 

Iand completed April 1, 1983. Work activities included the following: 

I. Meet with key personnel of SCRTD and their consultants to review the 
evolution and status of the construction cost estimates. 

. Identify and review the pertinent documents which form the basis of the 
Icost estimates. 

Perform a preliminary review of the cost estimate to determine the 
Imethodology and underlying assumptions upon which it is based. 

Identify high risk elements which could impact costs. 

I Become familiar with the proposed alignment by actual site visit. 

Perform a detailed review of the cost estimates to identify specific areas 
Ifor further study and analysis. 

. Analyze items identified for detailed study. 

I. Draft final report. 

IDuring the site visits of the route alignment, station locations and main yard, 
more than 150 photographs were taken which were utilized by other Kellogg team 

I 
members who were unable to visit the site. The geologic information was also 
transferred to the 20 sheet profile to allow a more detailed analysis of subsurface 
conditions expected to be encountered during construction. 

I 
The table below presents a summary of the DMJM/PBQD estimate, the consultant 

Iresponsible for each section, and whether Kellogg did or did not review that part 
of the estimate. For those items not in Kellogg's scope of work, the DMJM/PBQD 

I 
values were used as is to develop a total revised cost for the project. Also noted 
is the percentage that each 'item is of the capital cost subtotal. Inasmuch as sta- 

tions and guideways compose 65 percent of this subtotal, Kellogg spent the major 
Ipart of their effort analyzing the costs of these features. The Kellogg analysis 

S 

I 



I 

and organization of this report is based upon type of construction activity as well 

I 
as the type of facility being constructed. This was done to allow analysis of that 
element of the construction process for the entire project by an individual having 
particular expertise in that area. 

I 

I 

I 

I 

I 

I 
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PRE-PRELININARY ESTIMATE REVISED JANUARY 7, 1983 

Percent of 
Responsible Capital In KC Scope 

Item Consultant Cost (1982) Cost Subtotal of Work 

Guideways DMJM/PBQD $503,800,000 35% Yes 
Stations HWA 1430,900,000 30% Yes 
Utilities City of Los Angeles 25,000,000 2% Yes 
Parking HWA 414,200,000 3% Yes 
Central Control 
Facility HWA 1,500,000 Nil Yes 

Main Yard DMJM/PBQD 46,200,000 3% Yes 
North Hollywood 
Tail Track DMJM/PBQD 23,500,000 2% Yes 

Trackwork DMJM/PBQD 62,300,000 24% Yes 
Train Control KE 64,600,000 24% No 
Communications KE 22,400,000 1% No 
Traction Power KE 142,600,000 3% Yes 
Fare Collection KE 18,800,000 1% No 
Vehicles- 

Passenger (1240) KE 168,000,000 12% No 
Vehicle- 

Auxiliary KE 1,300,000 Nil No 
Capital Cost Subtotal $1,455,100,000 100% 

Design Contingency (20%) 291,000,000 Yes 
Right-of-Way SCRTD Spec. Consult. 213,500,000 No 
Engineering Design 

& Constr. Mgmt. (13%) 189,200,000 Yes 
Agency Cost (5%) 72,800,000 Yes 
Insurance 50,000,000 Yes 

Total Cost (1982 Dollars 
without Escalation) $2,271,600,000 
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SECTION 4 

BASIS OF ESTIMATE 

I 
Kellogg Corporation's estimate work was based upon the following documentation, 
which defined the scope of the project, the time frames, sequences and packaging 
of construction, and the current expression of the estimate. 

"SCRTD Metro Rail Project EIS Capital Cost Estimate," revised 
IJanuary 7, 1983, prepared by DMJM/PBQD. 

"Estimating Methodology and Procedures," dated February, 1983, prepared 

I 
byDMJM/PBQD. 

DMJM/PBQD drawing No. AP-14AAA-C-103, "Metro Rail Starter Line 
Schematic Diagram," dated December 28, 1982 (also stamped "January 1, 

1 
1983 conceptual budget"). 

DMJM plan and profile drawings (sheets 1 to 20) entitled "Milestone 3 

I 
Route Alignment Alternatives, Recommended Alignment," dated 
January 16, 1983 and January 17, 1983. (Drawing No's. AP-14AAA-C-046 
to 055, 067 to 072, 081, 087, 088 and 101.) 

Harry Weese & Associates 8-1/2 x 11 footprint and section drawings of I the 16 proposed stations. 

Harry Weese & Associates architectural, mechanical and electrical draw- 

I ings as noted below: 

Drawing Title Date 

I GPM-l. HVAC-Plurnbing and Fire Protection 10/12/82 
GPM-2 HVAC-Flow Diagram 10/12/82 
GPM-3 Plumbing 10/12/82 

I GPM-4 Fire Protection 10/12/82 
GPM-5 HVAC-Controls 10/12/82 
GPM-6 Schedules/Standard Details 10/12/82 

I 
GPE-1 Station Electrical Service - 
GPE-la Station Electrical Service - - 

Fifth & Hill 
SK-li Station Sections and Plans 8/24/82 

I GPA-15 Western Station Site Plan 10/1/82 
GPA-16 Western Station Plans 10/1/82 

I 
SK-26 

and Sections 
Fifth & Hill Station (Over-Under 9/22/82 

Section 

1 

I 

I 



I 

DMJM/PBQD "Project Schedule Facilities and Systemwide Construction- 

I 
Normal," Sheets 1 to 5, Revision 2, dated January 12, 1983. 

"Geotechnical Investigation Report" By CEG, The General Geotechnical 

I 

Consultant, dated November, 1981. 

Technical report, "Traffic Control Policies During Construction" by the 
Department of Transportation, City of Los Angeles, dated February, 1983. 

I 
Draft report of the "Muck Disposal Study" by Sedway/Cook, cover letter 
dated November 23, 1982. 

I. A sample draft of a master cooperative agreement between SCRTD and 
the state of California. 

Detailed traction power estimate prepared by Kaiser Engineers. 

The following additional documents were utilized for general concept and infor- 

mational 
purposes since they relate to a later and revised design scope from that 

under Kellogg's review: 

SCRTD preliminary draft of the Metro Rail Project Milestone 10 report, 
dated February, 1983. 

SCRTD "Contract Unit Descriptions" for the Metro Rail Project, dated 
March, 1983. 

The UMTA computerized station cost print-out was not utilized by Kellogg in our 

Ianalysis. 

I 

I 

I 

I 

I 

I 

I 



-
 -
 -
 -
 -
 -
 -
 -
 -
 

-
 -
 -
 -
 -
 -
 -
 -
 -
 

S
E

C
T

IO
N

 
5 

--
 

E
S

T
IM

A
T

E
 

R
E

V
IE

W
 

(A
 

T
H

R
O

U
G

H
 

Y
) 



I 

I 

I 

I 

I 

[1 

I 

1 

I 

I 

I 

I 

I 

I 

I 

1 

I 

I 

I 

SECTION 5-A 

ESTIMATE ORGANIZATION 

Description 

Kellogg Corporation reviewed the pre-preliminary estimate for organization and 
coordination to ensure the estimate adequately covered the intended scope of the 
project, without major omissions or duplications. A part of this review was pro- 
cedural, to check for extension, adding or transposition errors. 

Basis of Analysis 

The following documents were utilized in reviewing the estimate organization: 

The DMJM/PBQD estimate. 

The DMJM/PBQD methodology. 

The DMJM/PBQD metro rail schematic diagram. 

The DMJM/PBQD 20-sheet plan and profile drawings. 

The following individuals were interviewed regarding estimate organization: 

James E. Crawley SCRTD 

Howard J. Chaliff DMJM/PBQD 

Donald King SCRTD 

Charles J. Proctor - SCRTD 

John Bond DMJM/PBQD 

AlLevy-SCRTD 

Robert Cutup TAMS 

Vern Montgomery City of Los Angeles 

John E. Moss - DMJM/PBQD Consultant 

David H. Holdaway DMJM 

-14- 
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General Discussion 

Kellogg utilized several methods to look at the "big picture," attempting to check 
for and pick up any large discrepancies and errors. The objective of this analysis 
was to seek answers to the following questions: 

Are all of the elements included? 

Are there major quantity or unit price errors? Ls a big piece left out? 

Are there errors in the extension, addition, or transposition of numbers? 

Are there major duplications of costs? 

Are there major judgement errors in he scope of work? 

In addressing these issues, Kellogg first reviewed the estimate methodology in 

detail to determine how the estimate was planned to be organized and executed. 
The estimate was then reviewed in detail for consistency and compliance with the 
methodology. An outline of this review is included in the Appendix. During this 
review, the forwarding of numbers to the summary sheets and then to the 
summary spread sheet was checked. The major additions on this sheet were 
checked as well as the forwarding to the DMJM/PBQD summary letter of trans- 

mittal of January 6, 1983. 

Kellogg also made more detailed checks of the system activities as a whole and in 

particular the estimates of the station shell and tunnel construction. The spread 
sheets listed below were made to check for major errors as well as for consistency 
between similar estimates. These spread sheets are contained in Appendix A. 

System feature take-off (similar to DMJM/PBQD's length analysis). 

Tunnel estimate check dollar amounts. 

Tunnel estimate check primary features. 

Station shell comparative check of dollar subtotals. 

Station shell estimate check quantities. 

Station shell estimate check unit prices. 

-15- 
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Findings and Conclusions 

I 
In general, the various parts of the estimate are well organized and it tracks 
well. There are, however, a fair number of mathematical errors and duplications 
of costs. Kellogg did not check all extensions and additions but some major errors 

Idid come to light as a result of the previously described analysis. It is strongly 
recommended that all of the estimate sheets on this and future estimates be 

Ichecked for mathematical accuracy and coordination. 

I 

I 

1 

I 
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I 

I 
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I 

I 

I 
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U 

Major errors and discrepancies discovered in the estimate include the following: 

Several addition errors were discovered in the station shell estimate in 
the range of one to two million dollars. These tended to cancel each 
other and resulted in a net overstatement of $1 million. 

There are major errors in extension. Errors such as in the control building 
estimate ($2.9 million), and the downtown vent shaft soldier pile and 
lagging ($0.4 million). 

Duplication of costs for two parking structures in the station shell 
estimates and the G-1 to G-17 summary sheets resulted in an 
overstatement of $15 million in costs. 

Duplication of underpinning costs resulted in of $4 
million. 

Failure to add a shield pit in the tunnel estimate resulted in a $0.4 million 
understatement. 

Failure to extend computations for the vent shaft earthwork, resulted in 
an understatement of $1.2 million. 

Duplication of street restoration work in the station shell estimates and 
the utility relocation estimate resulted in an overstatement of nearly $5 
million. 

Duplication of costs for the mechanical work in the vent shafts resulted in 
a $2.7 million overstatement. 

Builders risk insurance is listed in the indirect expense checklist and also 
added as a separate owner-incurred cost (a duplication). 

Labor rates utilized in the development of direct costs are in the range of 
$22 to $30 per hour which implies a full burden of fringes, insurance and 
taxes. These costs, however, are also listed to be a part of contractor 
indirect cost markup (a duplication). 

MTA LIBRARY 
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Mobilization is added in many cases as 4 percent of direct costs prior to 
markup for contractor's field overhead. Kellogg considers mobilization to 
be a part of field overhead. 

Contractor's bond cost should be applied after profit has been added, not 
before. Bond premiums are based on contractor's total job revenue. 

The DMJM/PBQD stated methodology for profit computation is in line 
with Kellogg philosophy, however, it was not followed which resulted in a 
gross understatement. 

Mark-up is added to estimates based upon total cost unit prices, resulting 
in a duplication. 

There is no allowance in the estimate for contractor's home office general 
and administrative expense. 

Corrosion protection does not appear to be addressed in the estimate; 
however, it may not be required in the Los Angeles area. 

There is no allowance in the estimate for costs related to changes or dif- 
fering site conditions occurring after contract award. 

Dewatering cost allowances are extremely low. 

Traffic control and maintenance costs are extremely low. 

The schematic diagram shows the El Monte extension ending at Station 
94+20. This indicates that none of the "Y" section under the Los Angeles 
River is to be constructed. This is inconsistent with the plan and profile 
drawings. There is no money in the estimate to construct the "Y" portion 
of the alignment except that connecting to the yard. There is, however, 
$20 million to underpin the Santa Ana Freeway. Kellogg believed this was 
to underpin the freeway at the intersection with the Los Angeles River. 
The estimate also includes at-grade track in Reach No. 1 which is not 
consistent with the schematic or profile. 

These items are all addressed in the detailed analysis sections of this report (Sec- 
tions 5B 5Y). The recommended additions or deletions to the estimate are in- 

eluded in the appropriate section. Fortunately, many of these errors were off- 
setting, minimizing the impact on the direct cost value of the estimate. Kellogg 

recommends the appointment of an estimate coordinator whose role will be to 

mitigate these types of problems on the final preliminary estimate. 
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SECTION 5-B 

TUNNELS 

IDescription 

This item includes the direct costs to excavate, line and grout approximately 

I 
80,000 linear feet of twin bore tunnel. Also included in this item are direct costs 

for muck disposal, cross passages, steel tunnel liner and tunnel finishing. 

IThis item does not include station work or contractorTs mark-ups. These items are 

addressed separately in other sections of this report. 

Basis of Analysis 

IThe following documents have been reviewed concerning tunnel work: 

I. The DMJM/PBQD pre-preliminary cost estimate. 

Milestone 10 Definitive Fixed Facilities and Plans, Alignment Plan and 
Profile, Sheets 1 through 21 inclusive. 

Geotechnical Investigation report. 

I. Document WBS 14AAE "Estimating Methodology and Procedures." 

Phase Al, A2, A3 and A4 project schedule, updated January 6, 1983, 

I 
stamped "Preliminary for Design Study Only." 

Drawing No. AP-14AAA-C-103 entitled "Metro Rail Starter Line Sche- 
matic Diagram." 

I 
The following individuals have been interviewed by Kellogg Corporation concern- 

Iing tunneling: 

I. James E. Crawley SCRTD 

Howard J. Chaliff DMJM/PBQD 

I John E. Moss DMJM/PBQD Consultant 

. Charles J. Proctor SCRTD 

I 

18- 



I 

Kellogg cost estimates of direct tunnel costs are based on historical data for 

I 
similar projects adjusted for productivity and escalation and experience in under- 

ground construction estimating. 

IGeneral Discussion 

TBM advance rates of 26 linear feet per day for Al, A3 and SP and 43 linear feet 

Iper day for A2, A4, C and 1-5 have been established for the Kellogg estimate. 

These advance rates are consistent with the rates presented in the pre-preliminary 

Iestimate, but are judged to be conservative. Kellogg estimate TBM advance rates 

are predicated on the assumption that precast tunnel liner segments must be 

I 
installed before advancing the TBM. TBM advance rates of 45 linear feet per day 

and 90 linear feet per day may be realized if ground and construction conditions 

preclude the need for this constraint. 

I 
With the exception of steel lining for Reaches 5 and 8, no allowance has been 

Itaken in the Kellogg cost estimate for gassy or potentially gassy conditions in 

Reaches 2, 5, 6 and 8. If OSHA adopts regulations similar to those used by MSHA 

I 
for gassy environment or should SCRTD adopt specifications consistent with such 

regulations, tunneling costs will be impacted by: 

I The required use of certified gassy application electric and diesel equip- 

ment. 

I. Increased ventilation requirements. 

I. Increased standby and delay time. 

Probe holes in the tunnel face, two to three times the length of daily 
advance rate. 

The Kellogg and the pre-preliminary cost estimates include costs for steel lining 

I 
in Reaches 5 and 8, as well as precast liner segments in the same areas. It is cus- 

tomary to install steel lining, or steel lining and cast-in-place concrete in lieu of 

precast segments. Therefore, subject to design considerations, the installation of 

Isteel liner and precast segments in the same locations may be perceived as a 

"double dip.1' 

I 
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Kellogg Corporation recommends tunneling through the stations at First and Hill, 

Fifth and Hill, and Fairfax and Wilshire. Advancing and restarting TBM's in a two- 

tier 
tunnel station arrangement will otherwise require a unique, risky and costly 

construction approach. (The two-tier configuration has since been eliminated 

from consideration.) 

I 
In view of the significant capital investment for TBM's in this estimate, SCRTD 

may wish to consider a sequential tunnel construction approach in lieu of parallel 
construction to maximize the reuse of the TBMs. 

1 
Findings and Conclusions 

I. Kellogg Corporation is, in general, in agreement with the pre-preliminary 
estimate construction quantity take-offs. Although a comparison of the 
pre-preliminary estimate and the Kellogg Corporation estimate will dem- 

I 
onstrate significant variations in direct unit and total cost by generic cost 
classification, the total cost for all tunnel work varies by less than ten 
percent. The pre-preliminary tunnel cost estimate appears to be a sound 

Iestimate, pending final design definition. 

The pre-preliminary tunnel estimate includes a category for general ex- 

I 
penses which has been deleted from the Kellogg Corporation direct tunnel 
cost estimate since these costs are considered by Kellogg Corporation and 
SCRTD (reference document WBS 14AAE "Estimating Methodology and 
Procedures") to be overhead costs. General expenses are included in the 

IKellogg Corporation estimate as overhead costs. 

The pre-preliminary and Kellogg Corporation estimates of tunnel excava- 
tion, lining and grout duration differ significantly for Reaches 8 and 14; 

I however, cumulative estimates of duration for all reaches for tunnel ex- 

cavation, lining and grout agree within 4 percent. I Kellogg's pre-preliminary estimate of craft manpower per heading per 
shift is 83 percent of the pre-preliminary estimate (25 versus 30) and 
Kellogg's estimate of craft labor rate with fringes and burden is 90 per- 
cent of that used in the pre-preliminary estimate ($27 per manhour versus 

I $30 per manhour). The Kellogg estimate of tunnel labor cost is 78 percent 
of that derived in the pre-preliminary estimate. I Costs for equipment maintenance material, tunnel temporary utility lines 
and track, and small tools and supplies appear to have been overlooked in 
the pre-preliminary estimate. Kellogg's estimate for these consumables is 

I $24,160,000. 

Costs for electricity, fuel and lubricants show a significant variation in 
magnitude. Kellogg's estimate is 520 percent of the value used in the pre- 

Ipreliminary estimate. 

I 
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The pre-preliminary and Kellogg Corporation estimates of unit cost and 
total cost for cross passages and finish tunnel show wide variations, prob- 
ably due in part, but not totally, to planned construction approach. The 
Kellogg estimate of cross passages is 54 percent of the value derived in 
the pre-preliminary estimate and Kellogg's estimate of finish tunnel is 227 
percent of the pre-preliminary estimate. 

There is no significant variance in total cost for the cost categories of 
muck disposal and steel liner. 

Ground water and shield pit cost categories show no variance. 

Kellogg's estimate of tunnel permanent material is 92 percent of the 
value shown in the pre-preliminary estimate. 

The Kellogg estimate of tunnel equipment is 83 percent of that shown in 
the pre-preliminary estimate. 

The Kellogg estimate of total cost per linear foot of tunnel is within .06 
percent of the pre-preliminary total cost per linear foot of tunnel exclud- 
ing general expenses. 

The pre-preliminary cost estimate may be adjusted as noted below to attain the 

Kellogg Corporation cost estimate of direct cost. Supporting computations are 

included in Appendix B. 

Pre-preliminary current cost estimate $384,200,000 

Round off variance (deduct) -1,291,667 
Overhead and profit (deduct) -49,944,566 

Pre-preliminary estimate direct cost $332,963,767 

*Shield pit (add) ±391,000 

Corrected pre-preliminary 
estimate direct cost $333,354,767 

Labor variance (deduct) -23,652,000 
Material variance (deduct) -7,139,000 
Equipment variance (deduct) -8,813,000 
Consumables variance (add) +32,62 5,000 
Muck disposal variance (deduct) -3,287 
Cross passages variance (deduct) -6,887,000 
Steel liner variance (deduct) -370,980 

*Deleted from pre-preliminary cost estimate rollup. 
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Finish tunnel variance (add) +10,276,000 
General expenses (deduct) -25,254,500 

IKellogg Corporation estimate - direct cost $304,136,000 

INet change: 
Direct cost variance (deduct) $-29,218,767 
Shield pit (add) +391,000 

IRound off variance (deduct) -1,291,667 

Net change (deduct) -30,119,434 
Call $-30,119,000 

I 

I 

II] 
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I 

I 
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SECTION 5C 

STATION SHELL 

I 

Description 

This item includes an analysis and estimate review of the heavy construction of 

the structural shell of the proposed 16 stations of the metro rail starter line. 

This item does not include the normal completion contract work, or architectural 

features 
such as tile, painting, signing or electrical/mechanical. Also excluded 

are specialty items such as underpinning, traffic control, dewatering or utility 

supports which are covered in other sections of this report. 

I 
Basis of Analysis 

The following documents were reviewed in the preparation of this section: 

The DMJM/PBQD pre-preliminary capital cost estimates. 

1. The metro rail starter line schematic diagram dated December 28, 1982. 

The geotechnical reports and drawings. 

I Preliminary station drawings and sketches. 

The following individuals were interviewed: 

I. James E. Crawley SCRTD 

Howard J. Chaliff DMJM/PBQD 

I. Donald King SCRTD 

. John E. Moss DMJM/PBQD Consultant 

I Charles J. Proctor SCRTD 

. AJ.Levy-SCRTD 

I. Neil Richards SCRTD 

IA complete site examination of all station locations was made in early March 

1983. 

I 

i 
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References used for cost information and in estimating the station shell features 

(adjusted for productivity and escalation) were those retained during previous em- 

Iployment on the following rapid transit projects: 

I San Francisco (BART) 

. Washington (WMATA) 

I Atlanta (MARTA) 

General Discussion 

The limitation of time and the absence of final design and related details pre- 

Ivented a definitive type estimate, however, the estimate check was accomplished 

as follows: 

A typical station, of average overall dimensions, was selected for the de- 
termination of unit costs. The Western Avenue Station was used and the 

I 
developed unit costs adjusted for the other stations according to dimen- 
sion or estimated difficulty variance. ii The high cost, high contingency or risk features such as excavation, sol- 
dier pile and lagging, muck disposal and decking quantities were checked 
by take off. These items were then "crewed up" in detailed estimating 

I 

fashion and direct unit costs established. 

Concrete form quantity allowances, as estimated by DMJM/PBQD, were 
examined for reasonableness by comparing the various concrete place- 

I 
ment type of work against the form ratio, i.e., square feet of form per 
cubic yard of concrete. 

Concrete placing costs for the various types of construction were "crewed 
Iup" and the unit price allowances checked by detailed estimating. 

Demolition allowances were estimated in detail for the Western Avenue 

I 
Station. A special check of Union Station demolition was performed 
because of the unusual conditions and features relating only to this sta- 
tion. 

I The general allowance of 200 pounds of reinforcing steel allowed per 
cubic yard of concrete was examined by prorating the total to the various 
concrete placement types. The required rebar ratio to concrete quantity 

I 
for each feature was established and a total rebar quantity thereby de- 
termined. 

I 

I 

I 
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I The secondary operations relating to concrete, such as curing and finish- 
ing, were rough checked as the completeness of design permitted for 

I 

quantum. The unit costs were then compared with existing cost records 
and cross checked by the several available construction cost data publica- 
tions. 

I The site restoration items were estimated in detail and cross checked in 
cost data references. 

The quantity take off calculation sheets and detailed estimating back up 
Istudies are included in Appendix C of this report. 

IFindings and Conclusions 

In general, we agree with the direct construction cost quantities and unit prices as 

Iestimated by DMJM/PBQD. The actual details of our estimate review are as fol- 

lows: 

The machine excavation unit price is approximately 50 percent of what 
Kellogg Corporation estimates this cost to be. 

I. The excess soil disposal estimate is approximately 15 percent low. This 
does not reflect the possibility that a market exists for some of this 
material thereby offsetting this potential cost problem. 

I The soldier pile and lagging estimate is 15 percent above Kellogg 
Corporation's estimated unit price. 

I. The decking allowance by DMJM/PBQD is approximately 15 percent below 
Kellogg Corporation's estimate. 

I The formwork estimate requires no change. 

Concrete placing costs (estimated to be $5.00 per cubic yard) are low for 
Iall concrete other than mass (grade slabs). 

The pre-preliminary estimate includes no allowance for concrete placed 

I 

outside of excavation neat lines. An allowance of approximately 3 

percent is recommended and has been included in Kellogg Corporation's 
analysis. 

There was no unit price analysis of compacted backf ill as related to the I degree of engineered fill requirements. The extent of hand work around 
utilities is also unknown. The unit price used in the estimate would allow 
for a very high percent of imported hand compaction. This unit price is 

I 
probably high. 

. Site restoration items were checked resulting in no recommendation for 
Ichange. 

I 

I 
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A straight line reduction of $460,000 per foot for vertical reduction in 
station depth should be re-examined with more complete design. We have 
reviewed the calculations resulting in this savings and find no fault in the 
general theory. Unit pricing however, does change variably with depth 
which is not included in the computations. In addition, the analysis 
relates to major changes in depth, of 20 to 40 feet, but then the variance 
is applied to minor changes of only 2 to 8 feet. Kellogg Corporation 
estimates a generous depth reduction cost for minor variations to be 
roughly $236,000 per vertical foot (direct cost). This results in a direct 
cost increase in the current estimate of $5,084,000. 

The station estimates for the Beverly/Fairfax Station and the Universal 
City Station contain parking structures totaling $15,150,000. This is a du- 
plication, as these facilities are also priced on the "reach" summary 
sheets. 

A tabulation of the cost variance is presented in the following two pages. 

Summary of Station Shell Variances 

No. Station 

I Union 

2 1st Hill 

3 5th Hill 

4 7th Flower 

5 Alvarado 

6 Vermont 

7 Normandie 

8 Western 

9 La Brea 

10 Fairfax 

11 Beverly 

12 Santa Monica 

13 Sunset 

I 

-26- 

Total 
Increase in 

$ 167,000 

630,000 

1,100,000 

175,000 

114,000 

90,000 

120,000 

140,000 

160,000 

900,000 

65,000 

150,000 

160,000 
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14 Hollywood 

15 Universal 

16 North Hollywood 

Subtotal 

Deduct parking structure duplication 
(included elsewhere) 

Deduct mobilization allowance dupli- 
cation (included elsewhere) 

Add for overstatement of 
depth reduction 

Net Variance 

-27- 

170,000 

225,000 

175,000 

$4,541,000 

-$15,150,000 

-$ 7,524,000 

+$ 5,084,000 

-$1 3,049,000 
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SECTION 5-D 

STATION ARCHITECTURAL 

This item includes the architectural finishes costs of the 16 passenger stations. 
Thirteen of these stations are single level stations and the remaining three are 
over-under type or bi-level stations. These cost figures assumed that the station 
shell work was properly finished and cleaned so as to allow the finish contractor to 
commence his work. No money was included for contingencies, construction 
management and the general contractors field overhead, general and 
administrative expenses and profit, all of which will be addressed elsewhere in the 
report. 

Basis of Analysis 

The following documents have been reviewed: 

Harry Weese and Associates drawings SK26 (9/22/82), GP-A16 (10/1/82), 
and preliminary station plans; 8-1/2 x 11 plans 

TAMS construction cost summaries dated November to December, 1982, 
from the DMJM/PBQD capital cost estimate. 

The following individuals were contacted concerning architectural finishes: 

Donald L. Steeley TAMS 

James Gilliam - MARTA 

The following estimating references were utilized in checking the estimates. 

Means Building Construction Cost Data, 1982. 

Lee Saylor, Inc. Current Construction Costs, 1982. 
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General Discussion 

IDue to the conceptual nature of the drawings, a detailed estimate check could not 

be performed without numerous assumptions. Consequently, the estimate check 

Iwas performed by checking the quantities for each work item in the TAMS' esti- 

mate for the two typical stations, i.e., Western/Wilshire (single level station) and 

IFifth and Hill (over-under station). The unit prices were checked only for the 

Western/Wilshire Station and then applied to the Fifth and Hill Station. Similarly, 

the head house costs were checked for unit prices. 

The only question in the TAMS estimate is the derivation of total cost per square 

Ifoot for the Western and Fifth and Hill stations and the subsequent application of 

these unit costs to the remaining stations. Kellogg Corporation could not verify 

Ithe 23,140 square feet, nor the 50,800 square feet that TAMS used to derive the 

square footage unit prices that were then applied to the other stations. Likewise, 

I 
Kellogg Corporation could not determine how TAMS established square footages 

for the remaining stations. This analysis assumed the square footages were cor- 

rect, but Kellogg Corporation recommends that this question be addressed by 

ITAMS, because it could lead to a large deviation in the estimated cost. 

IFindings and Conclusions 

Assuming that the question of square footages and unit prices can be supported by 

ITAMS, the TAMS estimate appears reasonable. The quantities and unit price 

check for the station finishes varied from the TAMS estimate, but overall, the 

I 
Kellogg Corporation estimate was only five percent higher than the TAMS esti- 

mate. This five percent difference is reasonable given the conceptual nature of 

I 

the design. When applied over all the stations, the five percent difference would 

add approximately $1.35 million to the station finishes. 

INet change: add $1,350,000. 

I 

I 
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SECTION 5-E 

ISTATIONS MECHANICAL AND ELECTRICAL 

Description 

IThis item includes the cost of mechanical and electrical work in the stations. 

Excluded from this item but addressed elsewhere in this document are the costs of 

mechanical and electrical work in other types of structures. 

Basis of Analysis 

I An analysis of the cost estimate of the station electrical/mechanical was made by 

I 

reviewing the cost backup prepared by TAMS. Interviews with Jerry Chaing 

(electrical engineer) and Don Steely (cost engineer) of TAMS were conducted to 

determine some of the basis of their cost data. 

I 
The information was then evaluated based on Kellogg Corporation's experience land nationally recognized cost data (Means and Lee Saylor). Some actual cost es- 

timates on motor control center equipment were used as well as the opinion of an 

outside expert in the HVAC installation. 

General Discussion 

I There are 16 passenger stations to be constructed on the project. Thirteen of 

these are single level stations and the remaining three are two-level or over-under 

Istations. 

ITwo emergency vent shafts, each containing two fans, are located at single level 

stations without a crossover. Four emergency vent shafts, each containing two 

I 
fans are located at over-under stations without a crossover. At single level sta- 

tions with a crossover one vent shaft has an additional fan and two vent shafts, 

each have an additional fan at over-under stations with a crossover. 

With the exception of two stations, each station contains a traction power substa- 

Ition. (See the diagram in Appendix E for location of the vents, crossovers and 

traction power substations.) 

I 

I 

I 
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Power is supplied to the stations at 34.5 KV and is shared with the traction power 

I 
substations. Each station contains stepdown transformers for auxiliary power and 

traction power. The power feeder will be furnished by the power company. The 

necessary supply side switchgear (two line breakers and a tie breaker) will either 

Ibe purchased by SCRTD or supplied by the power company and amortized in the 

power rate structure. 

TAMS prepared the estimate for the architectural/mechanical/electrical work on 

I 
the stations. This section deals only with the mechanical and electrical costs. A 

detailed estimate was prepared for the western station and the cost per square 

foot was applied to all other single level stations. For the over-under stations, the 

single level station unit costs for mechanical and electrical features were in- 

creased by 50 percent. Fifth and Hill was used as the typical over-under station. 

A separate discussion of each area is presented below: 

Electrical. The electrical estimate was made in two parts i.e., auxiliary power 

I 
and motor control centers. Auxiliary power includes the building transformer's 

distribution switchgear and internal building wiring and devices (including light- 

ing). Motor control centers include the starters, wiring, and motors for the sta- 

1 tion mechanical equipment and vent shaft emergency exhaust fans. 

ITraction power substation feeders are included in the traction power estimate 

prepared by Kaiser Engineers. No allowance was made for the supply breakers in 

I 
event they must be furnished by SCRTD. This could amount to approximately 

$250,000 per station, if required. No addition to the estimate has been made for 

this item. 

1 
Unit pricing for the auxiliary power estimate was obtained from Jerry Chaing and 

Ithe Means Mechanical and Electrical Cost manual. Generally, the pricing is rea- 

sonable though conservative. Two discrepancies appear: 1) the line item, motor 

I 
control centers is added to the auxiliary power and is also in the motor control 

center estimate, thereby doubling up these costs; and 2) the lighting estimate is 

based on 50,000 square feet rather than 23,140 square feet. These items result in 

Ia reduction of approximately $250,000 on the auxiliary power estimate. 

I 

I 
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Unit pricing for the motor control centers was obtained from the Westinghouse 

Quick Selector. The motor control center prices are grossly overstated resulting 

in a cost reduction of approximately $400,000 for the western station. 

Mechanical. The mechanical estimate is divided into four elements: 

Mechanical (elevators and escalators) 

HVAC 

Fire protection system 

Plumbing and sewage 

The unit prices for elevators and escalators are based on actual quoted prices and 

appear to be very conservative. In applying the prices to the over-under stations, 

the elevator costs were priced on a vertical foot basis resulting in an overstate- 

ment of costs of approximately $100,000 for each over-under station. The basic 

elevator cost should increase only approximately 3 percent per foot above a basic 

height of ten feet. 

TAMS utilized the Means cost guide in computing HVAC unit prices. The resulting 

total cost per square foot for HVAC is approximately $60. There are some over- 

statements of cost such as the chilled water and condenser water pumps (approxi- 

mately $130,000). An addition of $238,000 for hangers, louvers and diffusers is 

very high since hangers are already included in the ductwork price. A reduction of 

$150,000 would be reasonable to offset this duplication. The duct work prices are 

questionable regarding the manner in which they were calculated. 

A total price reduction of $300,000 on the HVAC system would still result in a 

conservative price. With the amount of detail provided in the HVAC drawings, 

more accuracy should have been obtained in the original estimate, particularly 

regarding ductwork and chill water piping quantities. 

The fire protection system prices are derived from Means. The prices presented 

are reasonable, though conservative. 
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The plumbing and sewage prices utilized in the estimate are also derived from 

Means and do not include fixtures, water fountains, etc. A price per square foot 

Iof $3.59 was estimated which is a bit understated. For the purposes of this anal- 

ysis, a price of $7.50 per square foot is considered more reasonable. 

Findings and Conclusions 

IThe prices derived for the mechanical and electrical systems are in general, very 

conservative. Information presented on the drawings was, in most cases, quite 

detailed and a more accurate estimate could have been produced. In many cases, 

actual price quotations could have been obtained and a more accurate estimate of 

unit prices would have resulted. It is apparent that some of the unit prices were 

Ipicked out of standard estimating manuals without sufficient analysis or adequate 

knowledge of the equipment being priced. In most cases, this resulted in prices 

Ibeing greatly overstated. 

I 
The method of applying the costs calculated for the western to the other stations 

was reasonable. A summary of costs is presented in the table below. In summary, 

I 
the reasonable cost reduction for the mechanical and electrical results is ap- 

in proximately a 17 percent reduction these costs. This reduction would be ap- 

proximately $875,000 per single level station (13 each) plus $1,620,000 per over- 

Iunder station (3 each) or a total of approximately $16,235,000. 

ISTATION ANALYSIS ELECTRICAL/MECHANICAL 

Fifth and Hill Over-Under 

I 
Per 

Estimate Revised 

I 
Mechanical (Elevator and Escalator) $3,071,200 $2,948,000 
Electrical (Auxiliary) 2,635,000 2,257,500 
Electrical (MCC) 1,096,000 170,475 

I HVAC 2,142,000 1,692,000 

I Fire Protection 447,000 447,000 
Plumbing and Sewage ( 7.5/sq. ft.) 125,000 381,000 

$9,516,200 $7,895,975 

I Difference due to M/E = $1,620,225 
Revised Cost/SF = $208 
Percent Reduction = 17% 

I 
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Western 

Per 
Estimate Revision 

Mechanical (Elevator and Escalator) $1,204,000 $1,204,000 
Electrical (Auxiliary) 1,757,000 1,505,000 
Electrical (MCC) 528,000 113,650 
HVAC 1,428,000 1,128,000 
Fire Protection 298,000 298,000 
Plumbing and Sewage (@ 7.5/sq. ft.) 83,000 175,000 

$5,298,000 $4,423,650 

Difference due to M/E $874,350 
Revised Cost/SF = $254 
Percent Reduction = 17% 

Some items that were not specifically noted in the electrical and mechanical es- 
timates were: 

a) Power factor correction equipment 

b) Emergency power and lighting systems 

c) Temporary light arid power during construction 

d) Startup and testing costs. 

Due to the conservative nature of the estimates, the estimated cost should ade- 

quately cover the above items, though these items need to be treated as separate 

line items. 

Net change: Deduct $16,235,000 
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SECTION 5-F 

CROSSOVERS, POCKET TRACKS AND TAIL TRACK 

Description 

This item includes a review of the construction costs to build the structural por- 

tion of the crossovers, the dead train storage areas (pocket tracks), the North 

Hollywood tail track, and the cut-and-cover section between Union Station and 

the main yard. This item does not include cost allowances for track work or 

electrical/rn echanical or other system wide facilities. 

Basis of Analysis 

The documents reviewed in preparation of this estimate were as follows: 

The DMJM/PBQD pre-preliminary capital cost estimate. 

The metro rail starter line schematic diagram dated December 28, 1982. 

The geotechnical report and drawings. 

Sketch of the north tail track dated January 3, 1983. 

Milestone 3 route alignment alternative drawings. 

Site visits to the various crossovers, pocket tracks, cut-and-cover section, and the 

north tail track were made in early March 1983. 

General Discussion 

There are a total of seven crossovers, two pocket tracks and one tail track. The 

dimensions of these structures were defined by obtaining the length from the 

DMJM/PBQD length analysis spread sheet contained in the DMJM/PBQD estimate, 

and equating the width and depth to adjacent station dimensions. The length of 

the box section adjacent to Union Station was computed from the schematic dia- 

gram with adjustments for actual station and crossover structure lengths. 

Unit costs for these structures were obtained by extrapolating the applicable unit 

prices from the adjacent stations. 
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The crossover, pocket track, and box section estimates provide shell structures 

I 
only. The north tail track estimate provides a shell plus a lump-sum allowance for 

some shop and repair facilities. 

IContract packaging is covered in another section of this report. This is an area 

however, where interface problems resulting in cost increases could occur without 

Iprudent scheduling and contract packaging. 

IFindings and Conclusions 

The pre-preliminary estimate for crossovers and pocket tracks is 25 percent lower 

I 
than our estimate for these facilities. Kellogg Corporation is in agreement with 

the estimate for the North Hollywood tail track, if the allowance of $4,762,000 

for mechanical and electrical facilities is proper. For the box sections between 

IUnion Station and the main yard, Kellogg is nearly double the current estimate. 

This is partially due to quantity differences and the fact that part of this reach 

Iwas estimated by DMJM/PBQD as "dual track at grade" which is not in accordance 

with the SCRTD schematic diagram. 

IIn summary: 

Crossover structures are approximately $7,700,000 low in total. 

I. Pocket tracks are approximately $6,500,000 low in total. 

North tail track no recommended change in price. 

I. Box sections adjacent to Union Station are approximately $7,200,000 low 
in total. 

INet change: add $21,400,000. 

I 

I 

[1 

I 
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SECTION 5-G 

LINE VENT STRUCTURES CITY AND MOUNTAIN 

IDescription 

This item includes an estimate for the structural portion of the three city line 

I 
vents (soft ground) and the two mountain vents (hard rock). This item does not 

include the fans or related electrical/mechanical equipment. An allowance was 

made, however, for the hoist and hoist house. 

I 
Basis of Analysis 

JThe following documents were reviewed in the preparation of this section of the 

Ireport: 

. The DMJM/PBQD pre-preliminary capital cost estimate. 

I The geotechnical reports and drawings. 

I 
The following individuals were interviewed regarding various existing geological 

and jobsite construction conditions and problems: 

1 John E. Moss DMJM/PBQD Consultant 

. Charles J. Proctor SCRTD 

A site visit that included observations of the probable vent structure locations was 

Imade. This site visit included a thorough examination of rock cut exposures of the 

many Santa Monica mountain outcroppings. 

General Discussion 

IThe downtown or soft ground vent shaft structures were estimated by prorating or 

extrapolating unit costs developed in detail on similar features of the stations and 

I 
other cut-and-cover structures. The mountain or hard rock vent shaft structures 

were estimated by "crewing up" and estimating in detail, the various structural 

features of the vent shafts. 

I 
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The detailed estimates for both types of vent shafts are included in Appendix G of 

this report. 

I 
Findings and Conclusions 

In general, the pre-preliminary capital cost estimate for both the downtown and 

I 
mountain vent shafts exceed Kellogg's estimates. The primary differences in the 

estimates are as follows: 

I The pre-preliminary capital cost estimates for both the downtown and 
mountain vents contain several mathematical errors and extension 
omissions. 

I For the soft ground or downtown estimates, Kellogg Corporation is in 
agreement with the pre-preliminary estimate as presented. (For the 
correctly extended three soft ground vents. The pre-preliminary estimate 

I total exceeds the Kellogg Corporation estimate by $1,250,000.) 

Each downtown vent shaft has an allowance of $200,000 for architectural 

I 
finishes. This seems extremely high for a small non-public structure. 
Kellogg included a total of $30,000 for the three structures for a net 
savings or deduct of $570,000. 

I Utility support allowance seems very high for this small street excavation 
area of the downtown shafts. I. The pre-preliminary estimate for the mountain shafts failed to extend the 
earthwork section unit costs to the total. Incorporating this correction, 
the pre-preliminary estimate exceeds Kellogg Corporation's estimate by 

approximately $2,000,000 total for both shafts. The pre-preliminary 

I estimate as presented is $300,000 higher than Kellogg's estimate. 

Net Change: Deduct $870,000 

I 

I 

I 

I 
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SECTION 5-H 

VENT STRUCTURES MECHANICAL AND ELECTRICAL 

I 
Description 

This portion of the estimate includes the mechanical portion for all vent shafts 

I 
and the mechanical/electrical portions for the vent shafts which are not located 

at stations. Vent electrical at the stations is included in the station estimates. 

1 Basis of Analysis 

An analysis was made of the pre-preliminary estimate and backup information for 

Ieach of the items. Discussions were held with the estimators from DMJM/PBQD 

to answer questions. Reasonableness of the estimates was checked using the 

IMeans and Lee Saylor estimating manuals. 

- General Discussion 

Unit prices were established for the vent shaft mechanical equipment based on 

relatively 

detailed specifications. Prices for each type of shaft i.e., over-under 

station, single level station, over-under crossover and single level crossover are 

shown on the DMJM/PBQD tunnel vent summary sheet, a copy of which appears in 

Appendix H. The number of shafts per reach was checked and found to be 

accurately stated in the summary sheet. 

For the vent shafts not located at the stations, a lump-sum electrical price of 

I 
$300,000 was used. This price should be adequate. The line vent structural, archi- 

tectural and electrical is shown in the last column of the summary sheet. It 

I 
appears that the last column also includes the mechanical work. This was deter- 

mined by analysis of the backup data. The line vent mechanical column, there- 

fore, is redundant. 

I 
Findings and Conclusions 

1 No problems were found with the emergency vent shaft mechanical estimates 

except in the line vents. The mechanical work appeared to be doubled resulting in 

a 2.7 million dollar over-statement. 

Net change: deduct $2,700,000. 

I 
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ISECTION 5-I 

IUTILITIES 

Description 

This item includes costs to support, maintain, relocate and restore utilities overly- 

I 
ing and adjacent to excavations for subway structures. Excluded from this item 

are costs for surface restoration for these utilities, which costs are addressed 

elsewhere in this document. 

I 
Basis of Analysis 

IThe following documents have been reviewed concerning utilities: 

I. The DMJM/PBQD estimate. 

. Various composite utility drawings. 

I Various correspondence, tables, sketches, and estimates proposed by the 
City of Los Angeles, Department of Public Works, Bureau of Engineering. 

1 
Preliminary drawings. 

The following individuals have been interviewed by Kellogg Corporation concern- 

ing utilities: 

I. Howard J. Chaliff DMJM/PBQD 

I. James E. Crawley SCRTD 

Robert Cutup TAMS 

I. Donald King SCRTD 

. AlLevy-SCRTD 

I. Vern Montgomery City of Los Angeles 

IGeneral Discussion 

The DMJM/PBQD estimating effort has been limited due to, until very recently, 

Iconstant changes in station and guideway locations. Estimates for utility support 

and maintenance costs have been prepared based upon historical percentage 
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ranges from other systems, particularly Baltimore and WMATA. Utility relocation 

I 
estimates have been prepared and coordinated by the City of Los Angeles 

Department of Public Works with input from some of the private utility com- 

panies. 

I 
Findings and Conclusions 

IThe current estimate for utility support and maintenance is based upon a percent- 

age range (2 to 5 percent) of the station cost. This estimate excludes other 

Iadjacent open-cut and cut-and-cover areas. 

I 
The current estimate for utility relocation and restoration was developed for most 

stations but also excludes adjacent open-cut and cut-and-cover areas. 

INo allowance is included for utility work overlying or adjacent to tunnel excava- 

tion. 

I 
No allowance has been included for support, maintenance, relocation/closure, or 

I 
restorations of private property in public space (i.e., sidewalk vaults, elevators, 

store fronts constructed under revocable permits). 

IAfter adjustments are made for the exclusions described above, Kellogg Corpora- 

tion considers the estimate allowances made to be within a reasonable range con- 

Isidering the lack of specificity indicative of the current level of design. During 

the final design phase, the estimated amounts could vary appreciably from those 

Icurrently in use. Utility costs should be considered highly sensitive to final 

location and design and a target for value engineering alternative studies. 

The utility estimate should be adjusted as noted below. Supporting computations 

are included in Appendix I. 

I 
Current Total: Support $8,571,400 

ICurrent Total: Relocation 25,000,000 

Current Total Utility Work $33,571,400 

I 
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Deduct duplication for 

I 
surface restoration -$4,854,700 

Add cut-and-cover open- 
cut support + 5,627,000 

Add cut-and-cover open- ' cut relocation + 11,043,000 

Adjusted Total Utility Work $45,386,700 

INet Change: Add $11,815,300 

I 

I 

I 

1 

1 

I 

I 

I 

I 
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SECTION 5-J 

UNDERPINNING 

Description 

This item includes costs to underpin, support, and restore structures overlying and 

I 
adjacent to excavations for subway construction. This item excludes underpinn- 

ing, support and restoration of utilities, the cost of which is addressed elsewhere 

in this document. For convenience, construction cost of the Bluffside Bridge is 

1 
addressed in this item. 

1 
Basis of Analysis 

The following documents have been reviewed concerning underpinning: 

The DMJM/PBQD estimate. 

I The estimate summary matrix. 

Preliminary drawings. 

I Drawings summarizing existing building and foundation sizes and types 
adjacent to the major structures. 

The following individuals have been interviewed concerning underpinning. 

I James E. Crawley - SCRTD 

I. Howard J. Chaliff - DMJM/PBQD 

Stephen S. Uy DMJM/PBQD 

John Bond DMJM/PBQD 

I 
All cut-and-cover and open-cut sites were visited by Kellogg Corporation during 

the engagement. Specific sites were visited to obtain a general observation of 

underpinning considerations. These include: 

I . Santa Ana Freeway/Los Angeles River 

I Union Station 

I 
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. First and Hill Station 

. Fifth and Hill Station 

Seventh and Flower Station 

I. North Hollywood Station 

IGeneral Discussion 

Due to the current stage of design and political sensitivity, underpinning cannot be 

Iaccurately defined until the final design phase. For these reasons, DMJM/PBQD 

has been limited to using "plug" values for underpinning estimates. Kellogg Cor- 

I 
poration review of this item includes an assessment of reasonableness of the 

values used and a check for apparent omissions and duplications. 

IFindings and Conclusions 

The estimate provides plug numbers for three major structures: 

Underpinning the Santa Ana Freeway/Los Angeles River crossing 

I 
($20,000,000). 

Underpinning the Hill Street Bridge in Reach No. 2 ($250,000). I. Construction of the Bluffside Bridge to provide access to the Universal 
City Station ($3,000,000). 

IThe estimate provides plug numbers for underpinning various buildings overlying or 

adjacent to cut-and-cover subway construction in the amount of $21,250,000. 

I 
The estimate provides no allowance for underpinning in areas to be tunneled and 

some cut-and-cover areas. 

I 
The estimate apparently duplicates approximately $4,087,000 of underpinning 

costs included under the station shell excavation item. 

IThe estimate provides no allowance for underpinning the railroad tracks at Union 

Station ($120,000/track) and at North Hollywood Station ($125,000/track). 

I 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

Considering the current stage of design, the estimate values appear reasonable. 

During the final design phase, the final estimated amounts could vary appreciably 

from those currently in use. Underpinning costs should be considered highly 

sensitive to final location and design and a target for value engineering 

alternative studies. 

The underpinning estimate may be adjusted as follows: 

Current total $44,500,000 

Add railroad tracks +1,210,000 
Deduct duplications 

contained in station 
shell excavation -4,087,000 

Add for cut-and-cover areas 
not presently included +1,720,000 

Net change $-1,157,000 

Adjusted total $43,343,000 

Detailed calculations of the above are contained in Appendix J. 
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SECTION 5-K 

TRAFFIC MAINTENANCE 

I 
Description 

This item includes costs to maintain and/or divert vehicular and pedestrian traf- 

fic, maintain access to properties adjacent to open-cut and cut-and-cover excava- 

tions, and control access to contractorTs work and storage areas at or near the ex- 

cavation sites. Excluded from this item are costs of flagmen used for traffic con- 

Itrol on an isolated basis, and the costs of street and sidewalk decking, both of 

which are addressed elsewhere in this document. 

Basis of Analysis 

IThe following documents have been reviewed concerning traffic maintenance: 

I. The DMJM/PBQD estimate. 

Preliminary drawings. 

I. Technical Report: Traffic Control Policies During Construction, dated 
February, 1983, prepared by the Department of Transportation, City of 
Los Angeles. 

The following individuals have been interviewed by Kellogg Corporation concern- 

ing traffic maintenance: 

I. James E. Crawley SCRTD 

Al Levy SCRTD 

I. Charlie J. Proctor SCRTD 

. Nadeem Tahir SCRTD 

I Joseph Kennedy City of Los Angeles 

I 
In addition, Kellogg Corporation personnel visited the sites of construction to ob- 

serve traffic conditions and maintenance considerations. 

4. 
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General Discussion 

IThe success of a major urban construction project such as the SCRTD Metro Rail 

System depends heavily on the ability to minimize the impact of construction on 

existing heavy traffic movements. Elements to be considered include: 

I. Vehicular and pedestrian traffic demand. 

. Ability to satisfy traffic demand and/or divert traffic as conveniently as 
possible to adjacent parallel streets. 

I Provide access to businesses, residences, and public buildings neighboring 
the construction. 

Findings and Conclusions 

I 
Traffic along the entire route is heavy, particularly during peak hours and in the 

central downtown business district. 

IThere currently exists an admirable spirit of cooperation between the City of Los 

Angeles and SCRTD. The Technical Report: Traffic Control Policies During Con- 

Istruction represents a doable plan to construct the subway while maintaining traf- 

fic flow. 

The current estimate for traffic maintenance allows only $371,150 for the entire 

isystem. 
It is Kellogg Corporation's opinion that a more appropriate estimated allowance 

Ifor traffic maintenance is $12,544,500 which is $12,173,350 more than the current 

allowance. A detailed calculation of this amount is contained in Appendix K. 

Net Change: Add $12,173,000 

I 
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SECTION 5-L 

DEW ATERING 

I 
Description 

This item includes costs to dewater the open-cut and cut-and-cover excavations 

I 
for subway construction. Excluded from this item are the costs of tunnel de- 

watering which are included elsewhere in this document. 

IBasis of Analysis 

The following documents have been reviewed concerning dewatering: 

I 
The DMJM/PBQD estimate. 

I The geotechnical report. 

Preliminary drawings. 

I 
The following individuals have been interviewed concerning dewatering: 

James E. Crawley SCRTD 

Howard J. Chaliff DMJM/PBQD 

John E. Moss DMJM/PBQD Consultant 

General Discussion 

IMost of the subway excavation will occur in areas above the permanent water 

table and, therefore, extensive well-point or deep-well systems should not be re- 

I 
quired. Water to be encountered during construction will include perched and 

trapped water, surface runoff, and water used during construction. Planned con- 

trol of this water must be considered. 

Findings and Conclusions 

The DMJM/PBQD estimate provides an allowance of $2,650 per month for each 

station for dewatering. This allowance totals $824,150 for the entire project. 

48 MTh LIBRARY 



[1 

It is Kellogg Corporation's opinion that a dewatering maintenance allowance 

I 
should be made for at least $12,000 per month per station and a minimum lump- 

sum allowance of $20,000 per station to cover settling basins, sumps, trenches and 

hoses. This allowance totals $4,052,000 for the entire project or $3,227,850 more 

Ithan the current estimate. Details of this calculation are contained in 

IAppendix L. 

Net Change: Add $3,228,000 

I 

I 

I 

I 

I 

IT] 

I 

I 

I 

I 

I 

I 

I 
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SECTION 5-M 

TRACK WORK 

U 

Description 

This item includes the trackwork for the entire Metro Rail Project. The track- 

work in the main yard includes both ballasted railroad and transit track, at- 
Igrade. Trackwork through the tunnels and stations is the direct fixation type, 

with concrete-embedded turnouts and crossovers. 

Basis of Analysis 

IThe following documents were reviewed as part of the trackwork analysis: 

1. The DMJM/PBQD estimate. 

The Metro rail starter line schematic diagram dated December 28, 1982. 

I. Metro Rail Project Milestone 10 Report. 

Milestone 3 route alignment alternative drawings, sheet 1 to 20. 

I 
Trackwork was discussed with the following individuals: 

Howard J. Chaliff DMJM/PBQD 

I John Bond DMJM/PBQD 

George Stanske DMJM/PBQD 

The following references were utilized in checking trackwork pricing. 

DMJM/PBQD unit price data relative to trackwork (includes data from 
Means, Dodge and Lee Saylor cost guides, bid and estimate data from the 

I 
Boston and Baltimore Rapid Transit systems, and quotes from several rail 
contractors). 

I Denver RTD trackwork estimates. 

Dravo Corporation bid and actual cost information from construction of 
the San Francisco BART system. 

I 

I 

I 
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I 

I 

I 

1 

I 

I 
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I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

. 1982 Dodge Guide. 

Railroad Builders, Inc., a trackwork contractor. 

General Discussion 

Track construction on the project can be divided into two general categories: 

ballasted, at-grade and direct fixation. In reviewing the DMJM/PBQD estimate, it 

appears that the subway track is considered to be direct fixation with floating 

slab, which is considerably more expensive than direct fixation. George Stanske, 

DMJM's trackwork expert, indicated that the ultimate design will include a com- 

bination of direct fixation, resiliently supported, and floating slab trackwork, 

based upon vibration and accoustical considerations. The January 1983 estimate 
was to be based upon all underground trackwork being direct fixation. Design cri- 

teria for the pre-preliminary trackwork estimate is summarized as follows: 

Subway-Transit Track 

115-pound continuous welded rail, direct fixation 
switches on timber ties embedded in concrete 

At-Grade Ballasted-Transit Track 

115-pound continuous welded rail 
concrete ties 

At-Grade Ballasted-Railroad Track 

115-pound continuous welded rail 
timber ties 

DMJM/PBQD?s method of pricing the direct fixation track was to use one price 

per linear foot of track which would be sufficient to cover costs for concreted 

turnouts and crossovers in the main line. Kellogg Corporation developed separate 

prices for the crossover features and the subway track. 

Kellogg Corporation performed a system feature take-off to check quantities for 

trackwork construction. No major differences were discovered, although the 

crossover between Union Station and the main yard is not called out as such. This 

take-off appears in Appendix A. 

-51- 



I 

A rough take-off was performed in the main yard from the drawings contained in 

the milestone 10 report, which may not be the basis of the January 1983 esti- 

mate. Crossover and turnout quantities checked closely, however track quantities 

for both railroad and transit track appeared to be higher than Kellogg could corn- 

Ipute. In reviewing the estimate for the main yard, the DMJM/PBQD quantities 

were used in conjunction with Kelloggs unit prices. 

Findings and Conclusions 

I 
In general, pricing for trackwork appears to he somewhat inflated. This is par- 

ticularly so for the direct fixation track which accounts for over 70 percent of the 

I 
total trackwork estimate. DMJM/PBQD's composite unit price for direct fixation 

track with crossovers is $228.00 per linear foot total cost or $197.00 per linear 

foot direct cost. Kellogg has derived a direct cost for direct fixation rail of 

I$125.00 per linear foot with separate pricing of concrete embedded No. 10 double 

crossovers at $300,000 each. This accounts for the major portion of the differ- 

Ience between the Kellogg Corporation and DMJM/PBQD estimates. 

l Inasmuch as rapid transit trackwork is a specialized type of construction, and the 

unit prices developed by both DMJM/PBQD and Kellogg Corporation are based 

primarily upon estimates and rather old historical data, it is strongly recom- 

Imended that additional and more recent data be obtained to utilize in pricing the 

final preliminary estimate. Actual bid tabulations from several of the more 

Irecently constructed transit systems would be extremely helpful in developing 

cost data sensitive to the competitive marketplace. 

I 

1171 

I 

I 

I 

I 

I 

In dealing with bid prices and historical price data, it is important to be aware of 

possible bid unbalancing, and to reduce costs back to the direct cost level, without 

contractor mark-ups. It is unclear whether DMJM/PBQD was dealing with direct 

cost or total cost unit prices from other transit projects. In one instance, an ad- 

ditional 15-1/2 percent mark-up was applied to the $228.00 per linear foot unit 

price for direct fixation rail, which already included 15-1/2 percent mark-up. 

Details of Kellogg's trackwork analysis are contained in Appendix M. A summary 

of our findings is presented below. 
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. Main yard Deduct $3,510,000 

I. Reach No. 1 to 14 Deduct $10,865,000 

. North Hollywood Rail Track - Add $24,000 

Net Change: Deduct $14,351,000 

I 

I 

I 

I 

I 

I 

I 

I 

I 

a 

I 

I 

a 
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SECTION 5-N 

TRACTION POWER 

I 

Description 

This item includes the costs of traction power equipment installations and con- 

struction of separate structures to house this equipment. Excluded from this item 

1 are the costs of traction power structures which are structural appendages of 

subway stations. 

Basis of Analysis 

IReview of a comprehensive estimate submitted by Kaiser Engineers and discussion 

of the system with their engineers. 

General Discussion 

IThe traction power system supplies 700 volts direct current to power the trains. 

The system consists of 19 traction power substations. Of these 19 substations, 14 

I 
are located at train stations. A separate structure is required to be built for the 

five remaining substations not at a station. 

IKaiser Engineers presented a very comprehensive estimate for the traction power 

system. The format of the estimate and its readability is excellent. Unit prices 

Iwere derived by Kaiser based on historical data from similar systems. 

I 
The same problem regarding power service exists on the isolated traction power 

substations as exists on the stations. This problem is the unresolved question re- 

garding who supplies the incoming electrical service equipment. The additional 

Icost for this equipment will be approximately $250,000 for each of the five iso- 

lated substations, if they are in fact to be supplied by SCRTD. No adjustment has 

Ibeen made to the estimate for this item. 

I 
In addition to the traction power substations, a cost of four buildings for housing 

the isolated stations is included at approximately $800,000 per building. The cost 

for the buildings is $106.53 per square foot. 

I 
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Findings and Conclusions 

There are no problems with the traction power estimates. 

Net changed: $0. 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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SECTION 5-0 

MAIN YARD 

I 

Description 

This item includes an analysis and estimate review of the following main yard 

facilities: 

Demolition 

I. Site preparation I Structural 

Roads and pavement 

I Fencing 

Yard lighting 

This item does not include the main yard buildings, trackwork, fixed equipment, or 

yard vehicles, which are addressed in other parts of this report. 

Basis of Analysis 

I The following documents were reviewed in the preparation of the estimate for this 

section of the report: 

The DMJM/PBQD pre-preliminary capital cost estimate. 

I Drawings and sketches. 

Kellogg Corporation project photographs. 

A thorough project site reconnaissance of all existing trackwork and structures as 

Iwell as the areas for proposed construction features was performed. 

IReferences used for estimating the proposed facilities are as follows: 

I. Kellogg Corporation cost records. 

Building construction cost data publications. 

I 

i 
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General Discussion 

I 
The design and general information received for the construction of the main yard 

facilities was very preliminary. The quantity take off units however, are pre- 

I 

sented in detail indicating that the yard limits and general scope is well defined. 

Absent a design or scope definition, an independent take off was not performed. 

This estimate was prepared using the quantities stated in the pre-preliminary esti- 

1 
mate. 

I 
The estimate check was performed on a unit price basis and the detailed backup 

sheets are included in Appendix 0 of this report. 

Findings and Conclusions 

I 
In general, Kellogg Corporation finds that the pre-preliminary estimate for the 

main yard features estimated in this section is quite generous. The cost variance 

by feature is as follows: 

I 
Demolition $3,500,000 high (primarily in track removal.) 

I. Site preparation $300,000 high. 

I. Structural $300,000 high. 

Roads/paving $300,000 high. 

I Fencing - agree. 

Lighting $100,000 low. 

Net Change: Deduct $4,300,000 

I 

I 

I 

I 

I 
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SECTION 5-P 

BUILDINGS STRUCTURAL AND ARCHiTECTURAL 

I 

General Description 

This section includes a review of the construction costs for the following 

buildings: 1) main shop building; 2) maintenance of way building; 3) transportation 

Ibuilding; 4) car cleaners building; 5) test building; 6) exterior car wash building; 

7) traction power building and 8) the control building. The mechanical and elec- 

Itrical costs for these buildings are analyzed in a separate section. 

Basis 
of Analysis 

The following documents were reviewed: 

SCRTD Metro Rail Project EIS Capital Cost Estimate prepared by 
dated December 3, 1982 and revised on January 7, 1983. 

Preliminary Draft Report for the Development of Milestone 10: Fixed 
Facilities, dated February 1983. 

The following references were utilized for unit prices: 

Means Construction Cost Data, 1982. 

General Discussion 

Shop and yard buildings were estimated by DMJM/PBQD based on the conceptual 

Idesigns. Gross unit prices were applied to the individual building square 

footages. The Kellogg Corporation analysis reviewed these figures for accu- 

I 

I 
An analysis of the unit prices was performed for the various buildings, except the 

mechanical and electrical prices which are reviewed in Section 5-Q. Realizing 

I 

that the pre-preliminary estimate was based on conceptual designs, the unit prices 

for all the buildings, except the control building which are very conservative, are 

within a reasonable range for this stage of the design. 

I 

I 

I 



I 

The control building estimate has exaggerated unit prices for "Special Construc- 

tion" and "Fixed Equipment" which are incorrectly extended yielding $196,000. 

The 
correct extension of these items would yield nearly $2,000000. The $196,000 

cost for these items currently in the total cost for the control building is a 

reasonable allowance. 

IFindings and Conclusions 

The unit prices for all the buildings are conservative, but reasonable except the 

I 
control building. The control building estimate for "Special Construction" and 

"Fixed Equipment" have exaggerated unit prices, but the overall dollar value 

included in the estimate is reasonable. 

Net Change: $0. 

I 

I 

I 

E 

I 

I 

11 

I 

I 

I 

I 
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SECTION 5-Q 

BUILDINGS MECHANICAL AND ELECTRICAL 

IDescription 

This item includes the mechanical portion for all vent shafts and the mechanical/ 

U 
electrical for the vent shafts which are not located at stations. Vent electrical at 

the stations is included in the station estimates. 

IBasis of Analysis 

I 
An analysis was made of the estimate and backup information for each of the 

items. Discussions were held with the estimators from DMJM to answer ques- 

tions. Reasonableness of the estimates was checked using the Means and Lee 

ISaylor estimating manuals. 

IFindings and Conclusions 

The building estimates were reasonable for a conceptual estimate with the excep- 

Ition of the control building. The main shop and maintenance of way buildings had 

no separate provisions for electrical or mechanical, though discussions with the 

I 
engineers indicated that these costs were included in the overall building square 

foot allowance. A comparison of square foot unit prices is included in 

Appendix Q. 

In the control building estimate, an incorrect extension of overstated unit prices 

Iresulted in a low estimate. A $25 per square foot figure for electrical and 

mechanical was applied for the control building resulting in a net addition of 

I$128,000. 

I 
An estimate was prepared for the north tail track building for a total of 

$4,762,000 for architectural, mechanical and electrical. This estimate was based 

on conceptual information and analysis as to reasonableness was performed. 

I 
Net change: add $128,000. 

I 

I 

I 
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SECTION 5-R 

PARKING 

IDescription 

This item includes the costs for the construction of two at-grade parking lots and 

I 
five multi-story parking facilities. Costs for property acquisition are not 

included. 

IBasis of Analysis 

The documents reviewed in preparation of this estimate are as follows: 

. The DMJM/PBQD pre-preliminary capital cost estimate. 

I. The metro rail starter line schematic diagram dated March 28, 1982. 

IThese documents present reach locations, the number of parking facilities and 

parking space requirements. 

A site examination of possible garage/parking lot locations was made in early 

March 1983. 

References used for estimating the parking facilities are as follows: 

I 
Kellogg Corporation cost records. 

I Building construction cost data publications. 

IGeneral Description 

The two at-grade parking lots have been estimated at $2.50 per square foot. An 

Iindependent estimate reveals that this unit price includes an allowance for the 

following facilities: 

Demolition 

I Site grading/leveling 

Pre-compaction 

I 

i 
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. Base course/asphalt/stripping 

I. Fencing 

. Bumpers/islands/landscaping 

I. Lighting 

I 
The five parking structures are defined only as to parking stall capacity for the 

various locations. This limits the degree of estimating to that of conceptual. 

1 
DMJM/PBQD has included an allowance of $5,000 per parking space in their esti- 

mate, which is reasonable. 

IAn early purchase and demolition of these sites for temporary use as contractor 

work/storage areas would aid the congestion problem for several contractors. 

Back up estimating worksheets are included in Appendix R. 

Findings and Conclusions 

I 
The allowances provided in the pre-preliminary estimate for parking facilities is 

adequate. This is based on minimum "nofriflg" type of construction; an open, ele- 

vated type of structure, without HVAC and similar facilities. 

As stated in the station shell section of this report, there appears to be a duplica- 

Ition of $15,000,000 for parking facilities, as the parking structures at the Fairfax/ 

Beverly Station and the Universal City Station were included in the estimate 

I 
twice; once in the detailed station shell estimate, and again on the reach summary 

sheets. This duplication is corrected in the station shell section of this report. 

INet Change: $0 

I 

I 

I 

I 

I 
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ISECTION 5-S 

CONTINGENCIES 

Description 

I This item for differing addresses an allowance change orders, site conditions, etc., 

which cannot be foreseen even during final design. This item is in addition to the 

I"design contingency" item included in the pre-preliminary estimate, which covers 

the uncertainties of costs due to the preliminary status of design. 

Basis of Analysis 

1 
The Kellogg Corporation estimate for contingency is based upon experience from 

other transportation and heavy construction projects. 

General Discussion 

IA design contingency allowance alone is inadequate for the SCRTD Metro Rail 

Project. The pre-preliminary estimate contains an allowance of 20 percent of the 

I 

direct construction costs for "design contingencies." The SCRTD Estimating 

Methodology and Procedures manual states: 

"The design contingency is applied as an allowance for uncertainties of 
design during the earlier stages of design." I. "The need for this allowance disappears as the design progresses toward 
the 100 percent level." 

The above translates to mean that at the time of construction contract document 

formation, all contingency allowances have been absorbed. 

IA contingency allowance during construction should be provided. The amount of 

such a contingency should consider the following criteria: 

The degree of subsurface exploration. 

I. The nature of the contract language as it pertains to the allocation of 
risks. 

The type of construction (tunnels, stations, above-ground structures, etc.) 

I 



Ii 

Findings and Conclusions 

Assuming 
a comprehensive subsurface investigation program is performed and 

resulting information is supplied to construction contractors, and equitable con- 

tract language is utilized, the contingency allowance should be applied as follows: 

I Tunnel construction 15 percent 

Underground station construction 10 percent 

1 
Surface construction 5 percent 

The weighted average of 11 percent of the construction capital cost subtotal is 

recommended. 

1 

F 

1 

I 

I 

I 

I 
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SECTION 5-T 

CONTRACTOR MARK-UPS 

I 

Description 

This item addresses those elements added to contractors' direct costs including: 

. Field overhead cost. 

I Home office general and administrative expense. 

. Profit. 

I. Bond. 

Basis of Analysis 

The Kellogg Corporation estimate for contractor mark-ups is based upon expe- 

rience from other transportation and heavy construction projects. 

I 

General Discussion 

Each of the categories of indirect cost was examined in light of the types of work 

to be performed on the project. These were grouped into three categories: 

1 (1) tunnels, (2) stations, and (3) above-ground structures. Each of these three will 

have slightly varying percentage applications for overhead and general and admin- 

Iistrative expense and large variation in percentage application for profit. The 

bond percentage will stay the same for all categories of work. 

Field overhead cost will increase, as a percentage of the direct cost, as the 

I 
amount of work being performed by a contractor with his own forces increases. 

Therefore, the field overhead, as a percentage, would be expected to be higher on 

the tunnel and station work, than on the above-ground structures where more of 

Ithe work would be subcontracted. On heavy construction projects, the field over- 

head cost runs from 17 to 22 percent of direct costs. On surface structures, it 

Iwould be expected to be less than that. Since 4.2 percent is being allocated to 

wrap-up insurance, which will be purchased and paid for by the owner, the con- 

tractor's overhead should be reduced by that much, or slightly more, based on the 

I 

I 



I 

premise that the owner's wrap-up insurance is cheaper than having the contractor 

pay for the same coverage. For this project, a weighted 16 percent would be 

Ireasonable for field overhead, applied to total direct costs. 

IGeneral and administrative expense runs between 6 and 12 percent of the total 

cost for contractors involved in heavy and building construction. In the case of 

Ispecialty contractors, such as electrical, it could run as high as 20 percent. On 

this project, an average of 7 percent should be applied to the sum of the direct 

and field overhead costs. 

The profit applied by contractors varies considerably based upon the complexity of 

Ithe project, the duration, amount of risk labor the contractor will perform with 

his own forces, and the competitive market. Tunnel work would command a profit 

1 
markup of 20 to 30 percent, station work 10 to 12 percent, and surface structures 

6 to 7 percent. A weighted profit for this project would be 15 percent applied to 

I 
the subtotal of direct costs, field overhead cost, and home office general and ad- 

ministrative expense. 

IBond premium rates start at 0.75 percent and decrease according to a schedule of 

contract value to 0.40 percent for contract values in excess of $10,000,000. An 

Iadditional factor influencing bond premium rates is contract duration. An appro- 

priate rate for this project is 0.50 percent applied to the subtotal of direct costs, 

field overhead cost, home office general and administrative expense and profit. 

It is assumed that gross receipts taxes are not applicable to this project. 

Findings and Conclusions 

The pre-preliminary estimate allows only 10 percent for overhead, 4 percent for 

profit, and 1 percent for bond, which compounds to a total markup of 15.5 per- 

Icent. No allowance was included in the pre-preliminary estimate for home office 

general and administrating expense. 

Kellogg Corporation recommends a total markup of 43.45 percent be applied to 

the contractors direct cost. This percentage is calculated as follows: 

I 

I 
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Direct cost of project 100% 

Field overhead cost @ 16% 16.00 

I Subtotal 116.00% 

General and administrative expense @ 7% 8.12 

I 
Subtotal 124.12% 

Profit 15% 18.62 
ISubtotal 142.74% 

Bond @ 0.5% .71 
ISubtotal 143.45% 

Less direct cost of project 100.00 
Total markup 43.45 

I 

1 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
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SECTION 5-U 

ENGINEERING, DESIGN AND CONSTRUCTION MANAGEMENT 

I 

Description 

This item addresses the design engineering and construction management allow- 

ances for the first phase of construction. This item does not cover SCRTD's costs 

Ifor administration as this cost is addressed in the section entitled Agency Costs. 

IBasis of Analysis 

Both the design engineering and construction management allowances were de- 

Itermined by evaluating cost records of the following projects: 

1 
WMATA 

I MARTA 

Denver RTD (estimate) 

I 
General Discussion 

IThe allowance presented in the capital cost estimate provides for full design 

through contract document preparation. This allowance also provides for a 

Imodest design modification or change order organization throughout construc- 

tion. Also included is a full range of construction management services by an in- 

dependent construction management firm. 

I 

Findings and Conclusions 

With the exception of the MARTA project, the average of the several recently 

I 
constructed and estimated transit projects are in line with the percentage allow- 

ance contained in the pre-preliminary capital cost estimate. 

IThe estimate for design/construction management as presented by DMJM/PBQD 

in the pre-preliminary is reasonable. We confirm the allowance of 13 percent of 

Iconstruction capital cost for design and construction management. 

INet change $0. 

I 
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ISECTION 5-V 

AGENCY COSTS 

Description 

IThis item addresses the costs for SCRTD's administration of the project. This 

item does not include design or general construction management costs which are 

Iaddressed in the preceeding section. 

I, General Discussion 

This estimate of agency costs assumes that SCRTD will engage a general con- 

Istruction management firm to perform the overall field supervision of construc- 

tion. SCRTD may elect to utilize the construction management organization in 

ione of two ways: 

Restrict the construction management organization to field activities 

Isuch as surveying, inspection and technical services (soils, concrete, geol- 

ogy, metallurgy and general quality control). In this case, SCRTD would 

1 
provide the general supervisory personnel such as area managers, resident 

engineers and other field office staff. SCRTD's administrative costs in 

I 
this type of arrangement would be approximately 5 percent of capital 

costs. 

I Assignment by SCRTD of all of the field construction activities to the 

construction management firm. SCRTD, therefore, would maintain a 

1 
minimum organization to function primarily as general overall super- 

visor. As general supervisor, SCRTD would render final decisions on 

I 
major issues and generally coordinate all participating agencies design, 

scheduling, construction management, contractors, utilities, etc. 

I 
SCRTD's administrative costs for this level of effort would be roughly 3 

percent of capital costs. 

I 

I 



I 

A compromise, and highly recommended alternative, would be to supplement the 

SCRTD staff with a small cadre of construction personnel experienced in under- 

ground 
transit work. This group would generally oversee the major activities of 

construction, scheduling, interfacing, proper change order administration, claim 

Imitigation and early recognition of problems realized on previous projects. 

IFindings and Conclusions 

The allowance provided in the pre-construction estimate of 5 percent of capital 

I 
costs is adequate to cover a major role in construction management by SCRTD. If 

more of the construction management role is delegated to an outside entity, the 

agency costs will be reduced approaching a 3 percent level. A timely and proper 

Istaffing of the construction management organization would also reduce this cost. 

INet Change: $0 

I 

I 

I 

I 

I 

Li 

I 

I 

I 
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SECTION 5-W 

WRAP-UP INSURANCE 

I 
Description 

This item normally includes builder's risk, general liability and workmen's compen- 

I 
sation insurance coverage provided for all contractors with all premiums paid by 

the owner. This insurance normally does not include automotive insurance nor 

errors and omissions coverage for design, both of which must be purchased by the 

Icontractor. 

IBasis of Analysis 

The basis of the analysis is limited to review of the SCRTD Metro Rail Project 

1 
Estimating Methodology and Procedures manual, an informal interview with an 

insurance consultant, and previous experiences of several Kellogg Corporation 

I 
employees involved in subway construction subject to wrap-up insurance pro- 

grams. The report entitled "Insurance Alternatives Analysis for the Construction 

of the Southern California Rapid Transit District Rail Project" prepared by David 

IAshley, January 4, 1982 was not reviewed by Kellogg Corporation. 

IGeneral Discussion 

An effective wrap-up insurance program must consider the following: 

A clear definition of coverage and exclusions. 

I A clear definition of management and administration of the program. 

incentives to the contractor to minimize insurance losses. 

I 
Findings and Conclusions 

IBuilder's risk insurance is apparently covered in two places in the pre-preliminary 

estimate: Wrap-up Insurance, and Contractor's Overhead. The Kellogg Corpora- 

tion estimate excludes Builder's Risk Insurance from Contractor's Field Overhead. 

I 
Without clear definitions of the elements described under the General Discussion 

above, Kellogg Corporation cannot properly address this item and must apply the 

4.2 percent factor currently used in the pre-preliminary estimate. 

I 



I 

ISECTION 5-X 

ESCALATION 

IDescription 

This item covers the projected escalation of costs over the construction duration, 

from the stated value in current (mid-1982) dollars. 

General Discussion 

I Pursuant to instruction from SCRTD in the initial received meeting prior to 

preparation of this check estimate, escalation was not to be computed or 

included. The estimate was to represent construction costs in mid-1982 dollars. 

IWith a construction duration for this phase of work extending to 1990, Kellogg 

Corporation recommends that strong emphasis be placed on calculation of this 

cost element before total cost is established. 

Findings and Conclusions 

I The estimate was prepared: 

I. Using mid-1982 prices. 

Escalation was excluded. 

Net change: $0. 

I 

I 

I 
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SECTION 5-Y 

CONSTRUCTION CONTRACT PACKAGING 

Description 

This item addresses construction contract packaging of work but does not define 

specific variations of cost. 

Basis of Analysis 

The following documents have been reviewed concerning construction contract 

packaging: 

Preliminary drawings. 

A drawing entitled "Metro Rail Starter Line Schematic Diagram" dated 
January 3, 1983 and prepared by DMJM/PBQD. 

The geotechnical report. 

SCRTD contract unit descriptions dated March 1983. 

The following individuals have been interviewed by Kellogg Corporation concern- 

ing construction contract packaging: 

James E. Crawley SCRTD 

Donald King SCRTD 

Howard J. Chaliff DMJM/PBQD 

John E. Moss DMJM/PBQD Consultant 

In addition, Kellogg Corporation traveled the entire route with specific emphasis 

on observing construction contract packaging considerations. 

General Discussion 

Construction contract packaging must consider and optimize the mix of the fol- 

lowing criteria: 
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. Manageability by a single contracting organization. 

I Scheduling integration to achieve systemwide completion milestones. 

Interface considerations between separate contracts. 

I Geologic conditions: similarity as opposed to diversity. 

Jurisdictional boundaries between political subdivisions, and franchise 
boundaries between utility companies. 

Findings and Conclusions 

Construction contract packaging described most recently in SCRTDs Contract 

I 
Unit Descriptions has eliminated most of the packaging problems presented in the 

earlier Schematic Diagram. By way of review, those earlier problems generally 

affected tunneling operations in the following areas: 

Reach No. 2 (over-under tunnel configuration). 

I Reach No. 5 (tunneling interface with the Alvarado/Wilshire Station). 

Reach No. 8 (over-under tunnel configuration and starter tunnels requiring 
or 

Reaches No. 10 and 12 (tunnels on both ends of the packages requiring 
additional shafts or TBM's). 

Additional costs of the above have not been evaluated since packaging and con- 

Ifiguration have been recently revised. These costs and/or scheduling considera- 

tions would have been significant. For example, in the over-under tunnel con- 

Ifiguration, the vertical portal relationship to station excavation and bracing was 

not addressed in the estimate or schedule. 

The revised packaging presents manageable contract sizes attractive to general 

I 
contractors and recognizes similarity of geological considerations. It is under- 

stood that construction scheduling is currently being re-analyzed by others, but if 

the present concurrency of tunneling operations is retained, the ability of the TBM 

Imanufacturing industry to provide TBM's on such a tight schedule must be 

analyzed. 

I 

I 

I 
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Lack of detailed definition of packaging prevents analysis of interface considera- 

I 
tions between separate contracts. This topic should receive a careful value engi- 

neering analysis. 

INo comparison between construction contract packaging and the jurisdictional 

boundaries between political subdivisions or franchise boundaries between utilities 

was made due to lack of data. 

I 
It is recommended that further evaluation of construction contract packaging con- 

siderations be performed early in the final design phase. This topic should be tar- 
geted for value engineering alternative studies. 

I 

I 
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Southern CaUfornia Rapid Transit Ustrict 

Metro Rail Project 

DESIGN UNITS 
PHASE I 
A I 00 - CENTRAL YARD & SHOPS. INCLUDING YARD LEAD TRACK 

FROM UNION STATION 
A I 35 - UNION STATION 

A 140 - TUNNEL SEGMENT BETWEEN UNION STATION & 7TH / FLOWER STATiON1. 
CLUDSNG CIVIC CENTER & 5TH / HILL STATIONS 

A I 65 - 7TH! FLOWER STATION 

A 170 - TUNNEL SEGMENT FROM 7TH! FLOWER TO WLSH 1 VERMoNT, 
INCLUDiNG THE STATION AT WILSHIRE / ALVARADO 

A 1 95 - WLSHRE / VERMONT STATION 

PHASE 2 

A220 - TUNNEL SEGMENT BETWEEN WILSHIRE / VERM0ICT & WILSHIRE / LA BREA. 
INCLUDING THE WILSHIRE / NORMANDIE & WILSHIRE 1 WESTERN TAT1CNS 

A245 - WILSHIRE / LA BREA STATION AND POCKET TRACE 
A250 - TUNNEL SEGMENT FROM WILSHIRE / LA BREA TO FLAX I BEVERLY, 

INCWDU'4G THE WLSHEE / FAIRFAX STATION 
4275 - FAIRFAX! BEVERLY STATION 

A3 0 -. TUNNEL SEGMENT FROM FAIRFAX / BEVERLY TO H.LYWOOO / CAHUENGA. 
CLUDING THE FAIRFAX / SANTA MONICA & LA BA 1 SUNSET STATIONS 

A350 - HOL.LYW000 / CAHUENGA STATiON AND POCKET 
A4 I 0 - TUNNEL SEGMENT FROM HOLLYWOOD / CAHUENGA 10 

UNIVERSAL CITY STATION 

A425 - UNIVERSAL CITY STATION 

A430 - TUNNEL SEGMENT BETWEEN UNIVERSAL CITY STA1 & 
NORTH HOLLYW000 STATEN 

A445 - NORTH HOLLYWOOD STATION & END Li4E STORA ThACK 
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DESCRIPTION QUANTITY 
DIR. LABOR EQUIPM'T COST DIR. MATL PM/SUB E.0.E. TOTAL 
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DESCRIPTION AI1'I' DIR. LABOR 
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DESCRIPTION QUANTITY 
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DESCRIPTION QUANTITY 
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