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FOREWORD

This repo_rt was prepared for the Office of High Speed Ground Transportation

Contract FR~00040. Its purpose is to reviewtunneling‘ costs in various areas of

the United States and under varying environmental constraints. |
Lately, thetunneling industry has been able to increase productivity' to an

- extent sufﬁcient to offset the escalation of labor costs, but not enough to signifi-:

cantly lower the total cost of tunneling. Those advances which have been achieved
are primarily in the form of improvements to existing equipment. ' The mechanical
tunneling machlne, although promising in certain applications, does not exhibit the
rate of technological advance necessary to achieve the desired total cost reductions.

The Office of High Speed Ground Transportation has provided funds for many
research pro;ects to accelerate the rate of technological growth. It is anticipated
that this report will provide a means to evaluate the impact of this research on _
tunneling costs. o ‘ | ' ’

The research for this report was carried on from June 1970 to March ‘1971

’under the guidance of Mr. William N. Lucke of the Office of High Speed Ground -

Transportation. In addition, the authors gratefully acknowledge the cooperatlon
received from the following individuals-

Kemeth G. Wilkes Charles Donald
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Richard Proctor - ' ' Joseph Holiday
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Southern California Southern California
Los Angeles, California ' Los Angeles, California
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. INTRODUCTION

This report orovides'the Office of High Speed Ground Transportatio'n with: a review
and analysis of t\mnel construction costs. The data for all cost analyses {n the
report were obtained from historical records of tunnel owners, contractors, and

equlpmentand mater{al manufacturers throughout the United States. '
As for the report proper, Chapter 2 discusses the kinds of data sought, how

the sources were determi.ned, and data problems. Chapter 3 covers the analysis
- of the data, inchtdtng the format used in recording costs. Once the cost elements

‘were anaiyzed to. elsiminate unhalanclng and to accurately relate to perfermance
' considerations,l it then became possible to develop the basic cost estimatmg rela-

ttonships (CERs) (Note- Some of the cost data are of a proprretary nature and
thereiore have not been prlnted in this report.)
4' Dutlng the course o£ collectlng the required data there were numerous oppor-
tunittes. to revlew the cost impact of diﬁerent design and construction policles
within.the tunnellng lndustry. n Chapter 4, some of these differences are pre~
sented so that future tunnel planners can. consider them as possible ways 'to reduce
costs. . _
" Finally, Chapter 5 outlines some areas for further resea.rch that should
. matertauy aid in the reduction of tunneling costs. |

L. Unbalanctng—-an ad;ustment in unit bid pricing that results in their not
reﬂecting a true cost for performing a: certain task. '
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' DATA COLLECTION -

| Data collection-?-determlning onners and sponsoring contractors--was a major

effort in this'study. However, the Gardner Denver Company greatly aided this

task by furnishi.ng a list of tunnel projects for which they had supplied materials

and equipment. Other ttmnel projects were identified from lists furnished to us
by Hercules, Inc. The remainlng projects were identifled through a literature
search at RMG. ' .

Our original study plan called for obtaining the following data for each pro-
jects '

(1) From the owner
| (a) tunnel cross-section details and profiles,
®) .tunnel specifications, '
" (c). geologic reports, .
(@) bid tabulations,
_ (e) finél cost'ad'justments, and
S® _prodﬁétion data.
(2) From the contractor
| (a) - complete bid breakdown

® labor, material, and equipment allocation for excavatlon,
supports, 1lining, and indirect costs;

() -Vc_r‘ew sizes (each shift)
',.. . excavation crew,

" .. suppoi'tiﬂg crew,



lining crew,

“labor- crew not in tunnel

,shifts per day. and
: .paid hours per shiit. _
(c) production data

L planned time estimate for excavation, :

. | o actual time required for excavation,
o’ ‘planned time estimate for nmng and
C o actual time required for lining
(3) From the machine manufacturer
~ (a) machine capital cost, -
(b) machine operating cost, o '
(c) machine advance rates, . |
o [ 2 maxlmum per day, ’ :
o on ‘average per day, -
| .. a&aﬁ@bﬁm; and
. utilization. A
(4) From loca.l trade associatlons '
(a) ttnmel labor costs and agreements for the last five years

Obviously, if one. has all of the data. defined -above for each specific pro;ect
the analysis 15 simple. However, all of these data were not avallable for each
project. For' example, some tunnel owners did not have ttmnel cross-section
details and proiiles, in such cases, these data were obtained from the consulting
K engineers who ‘had designed the tunnel. Geologic exploration and reporm
- were uneven at best--they ranged from very good to none at all. And although pro-
duction data do exist, in most cases obtaining them was not feasible because they
are in the possession of the project engineer responsible for the prOJect. Since he
is often now. on another project, tracking him down would ha.ve been entirely too




time consuming. In a few instances, the oymervagency did have centralized pro-
duction records that were made available.

In sum, the avallable owner data included dimensional details and low bidder
~data for all tunnels as well as final costs and geology informatlon for many.

Collecting contractor cost breakdown data was gratifying B'ecause, except for
one contractor, they were accommodating and asked only that their priyacy be
respected. However, due to the quantity and diversity of geographic location,
time would not-permit a vislt to tlle sponsoring contractor for each tunnel project.
Consequently, those tunnel contractors visited were of national reputation who had
each been responsible for constructlng several recent tunnels. Another advantage
orf obtaining data from these large firms was that they employed a mo re standardized
format for estimating, making our analysis easier. This seems to have been a valid
expediency because it has been possible, using these cost_brealidowns, to develop ‘
logical cost breakdowns on projects for which the contractor has néver been.contact‘ed_. |

Contractor cost data were not available on projects that have not been completed |
or projects for which clatms are now pending, Obtaining reliable crew size and pro-
duction data Was not easy because comprehensive reports of tunneling progress are
not generally available; it seems that these data were often the sole p’roperty'of the

: prO]ect manager for each specific project, who was somewhat elusive. The contractor

~ time and material cost breakdown information was a great help, but-due to its pro-

'prietary nature has been used solely for analysis and may not be reported as raw
- data in this report.

Obtaining reliable data on mechanical excavator investment and operating costs
is difficult for a variety of reasons. But the primary reason 1s apparently that few
mechanlcally excavated hard rock tunnel projects have been completedly successful
for all conc‘erned. Consequently, accurate cost figures, whether good or bad, con-
cerning specific projects could ‘effect the competitive position of machine manufac~
turers. Also,__ some machines are placed on projects experimentally, before the

manufacturer or contractor is contractually obligated. Under such circumstances,

2-3 .



the contractor's costa might be. diﬁerent from that of the mamifacturer. It has
also been reported that some contractors have contracted privately with local
., firms to make cutter bits rather than obtaining all of them from the manufacturer.

No doubt as the hard rock mole surmounts more and more -of its obstacles, there

will be no need for subsidization, and reliable data will become available. This is

not an attempt to. be critical of the manufacturer, in fact he and the contractor
deserve credit for continuing‘to develop and experiment. However, it will become.

. more and more difficult for the increased productivity to continue to offset the rise

fn the cost of labor unless the mechanical hard rock tunneler does become more
reliable. This appears to be a particular problem: in: some of the Northeast o
Corridor cities where the overall cost of tunneling is higher than elsewhere.

S Contractors working in these areas appear to ha.ve diificulty in being the sole

decision-makenin determining tbe underground Crew. size, particularly on pro-
jects using the mechanical excavator, primarilg because of local work rules _
- I that reliable rock tunneling machine costs.are 8o sketchy and even non-
‘ e:dstent for very hard rocks and large diameter tunnels it was not possible to.
. generate cost estimating relationships from only historical data:. Therefore, a,
E metalurgical engineer who has done research for and designed rock tunneling | ,
outter bits for three of the large manufacturers was visited. ‘He agreed to develpp
a series of representative costs:- reﬂecting variations in tunnel diameter and rock
o stremth Naturally», when these- CERs are used, itis important to keep in mind.
that the effect of other cost-variables on mechanical tunneling—-such as mixed
faces, large water inﬂows, and steep- grades--eould not be included. It is neces-
_ sary to also point out that. rock strength as measured by unconfmed compressive
strength is not the sale. criterion for determining machine performance. For
example, it has been demonstrated more than once that r<-i brittleness is an

important factor although this rock characteristic has not -zen 'r_eliably modeled».

2=4 - .
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Very hard rocks cont“a.inmg large percentages of quartz seem quite brittle and

relatively easy to' penetrate. After developing the CER.S‘. frbm the supplied esti-

’ ﬁxates, the available historical data were plotted and found to show reasonable
correlation. ‘

The labor cost data from trade associations--e.g., The Association of
General Contractors and The Association of Underground Contractors--are com-
pletely reliable because they originated from actual union contacts. Of course,
these work agreéments set the amount of wages per hour and the cost of fringe
benefits but have no bearing on the actual money paid for the hours worked. This
1s to say that, depending on the distance from shaft to heading, the contractor
. might pay for eleven hours to get eight hours work, per shift, at the heading. . -

Generally, fhe quality of fhe data is good, giving a high confidence level to
the cost prec.:l_iétio'ns”for tunneling. The one exception is possibly in the operating
costs for boring machines. o |



COST ANALYSIS

Cost data for this study were obtained from two major sources. The first being
contractor data in‘which costs are expreséed in terms of the three basic tunneling
taéks (exoavation, support, and lining) and the three baaic resource elements
(labor, materials, and\equlpment)._ Addifionallj, two other costs were provided
by the contractor: indirect (brokeo into labor, equipment, a.nd materials) and
other costs (not 'pertihent to tunnel driving). Contractors who cooperated in the
étudy plan and provided data were assured'thaf their data would .be treated as pro-
prietary. Consequently, individual data points based on contractor data will not
be identified. The second source of cost data was tunnel "owners" who furnished
bid tabulation data and final cost adjustment data. Most of this data is public

~ information and no proprletary condltions are known to ex‘lst. In one instance,

" owner data were proprietary because the owner was not a public agency and costs

- were unavaﬂable

The first step in the cost analysis procedure was to devolop a standard format
for recdrdihg the cost data. This format Astandardiza_tion is important in that it
allows system costs to be_' organized into mea.tﬂngfu_l cost elements which aid in

subsequent cost analysis. The requirements for the format are:

® raw data must be easily placed in the format;

e meaningful homogeneous cost elements expressing costs in terms
of tasks (e.g., excavation, support, and lining and/or resources
- (labor, materials, equipment, overhead, etc.) must be determined;

3-1
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. e the cost elements must be sufficiently detailed and as uniform as
o possible in cost magnitude, and

~ o . .cost elements should be capable of being related to physical per-
o formance and program cbaracteristics. .

” 3 vaese guidelines Were followed in selecting the format used for Appendix A.
’ Raw data, which were transcribed from bid tabulations, varied considerably

'in the bidding detail. n some cases, the bidding procedure required furnishing
. untt costs for more than 20 cost elements pertaming to tunnel construction. Other

- project documents required only a cost per linear foot for a- finished tunnel or a
- -Vlump sum for the ﬁnished tunnel. _

~ The greatest problem of data analysis was that of separating the costs of

cement and reinforcing steel used for the tunnel itself, from those costs for
construction of nearby facilities and accesses., ‘Previous experience in designing
 surface facilities led to an assumption of 1.5 barrels of cement and 150 pounds of

:reinforcing steel per cubic yard of concrete for average conditions. “Upon further

investigation of%eVerﬂ projects where the bidding detail permitted it was found
that reinforcing steel varied from 145 lbs/ cu: yd to 165 lbs/cu yd which ]ustiﬁed

jour assumption. o _ ' o '
Other min,or adjustments were made, where appropriate, ona pro;ect—by-
project basis. T’I‘hese adjustments were few and are footnoted on the specific
project sheet in Appendix A e

DATA ANA LYS]S

Experiencs has sbown that more reliable cost estimating relationships can be
developed at- higber levels of cost detail rather than at lower levels. In most cases,
. extremely detailed cost data reflect significant variations that cannot be adequately
explained by physical performance, and project characteristics. On the other
hand, analysis of data at too aggregate a level. may produce misleading results by

' . not introducing the proper system characteristics.

S
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The levels of detail selected for this study are presented in Figure 3-1. Cost
data for the first three levels were tabulated in Table 3-1. At the fourth level,
the data began to reflect signiﬁcant viriation. In addition, many of the cost ele-
ments reflected cost values that were insignificant corhpared to costs of other
_ elements and tofal project costs. For these reasons, the following discussion is

limited to the first three levels. |

Preliminary analysis indicated that the most meanihgful cost estimating rela-
tionships could be developed at _the second le\fel of cost detail. . Multiple regression

o analysis was’ used in relating costs per foot for the three major tasks to physical,
performance, and project characteristics. ' _ .

The physical characterlstics used in this study were tunnel size, length of the
tunnel, and tunnel geology. Unlmed diameters and finished diameters were obtamed
for all observations in the tunnel sample for which costs were avallg.ble, These two
diameters were‘ used to calculate ‘cubic yard requirements for the ekcavation and |

: li.ning tasks Cubic-yard-per—lmear-foot parameters were more convenient for
two reasons: ‘ t

. tunnel pro;ects were usually bid by cubic yards ‘of excavation and

cubic yards of concrete- (hning) and b :
o _non-linearitles present in cost functions related to diameter were
, re_duced by incorporating the area expression.

A second "importa.nt physical che.racte.ristic was a i:heasure of the degfee of
~ fracture of the material through which the tunnel is driven. A measure of this
degree of fracture--RQD--was not generally provided by tunnel owners or con-
~ tractors because of problems in definition. Methodology developed by Harzal was
: Ae:.:.plv'essed in terms of pounds of steel sets per linear foot of tunnel versus tunnel
diameter with respect to constant'RQD levels. 'Figui'e 3-2 presents this relation-
ship with dai_:#'polnts from the study's_ample. - Table 3-1 shows the RQD range of

the sample tumnels.- No RQD values are shown for soft ground tunnels.

1. Harza Engineertng Company, A Computer Program for Estimatigg Costs
of Hard Rock TunnelmgLCOHART), (May 1970), p. 30.
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Level 4
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" Rock Bolts

H Rock Belts
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H " Concrete

Cement -.[ _ Cement
Rebar o) Rebar

" a. Doesnot i_ncln;;e steel liner.

d' Grout Holes

PL Grout Pipe

Other

n Cono re;e,OperatlonMGrom Cognectnons

Figure 3-1: LEVELS OF COST DETAIL
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BY COST AND QUANTITY IATA POR SAMPLE TUNNELS
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por LF | Yards [pec 1Pl periF | mea ) Beluforotng | Cencrete Other
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.18 152,700 | s.ea! 695 | 4n33] o 0 22.79 o2 |o . @1 en] 180 74.80 2.08 29,00 7.50 %73
.87 [128,300 45 ° ° 1.3 {1400 fo o fe o8} | 0.31 1.47 1.7 F %
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Table 3=1 (cottinned)

1) . ‘
Cost per Linear Foot s Support Quantities per CYE Primary Supports
Projoct BQD Cubic CYE cublc | CYL
Tumnal Othar Yerds (par LF] cCYE Yards {per LF| cyL Staal
Primary |Comcrets | Concrete Steel Total Othor Totsl Leagth [Excavation | Re~ per LF Lining | Re- per LF Sota |Timber | Rock Bolts Btee.
Mobiliration{ Excavation | Oupperss | Lisiag {Oporsiion| fobeotel | Liwer | Tumnel | Project AL, _{ (CYE) |ported [Calculated _mqmwrﬁ_m_ﬂﬂ__ﬁsﬂﬁ Sety MM@LM

40, FPort Huron B{ =% 10.96 223, [ 5.00 b are| o 411.89 | 19.34 | 431.23|31,060 | 301,400 9.4 63,300 1.98 . 31,556 '
41. Corridor Iterceplor

#PCE-5 r 40300 .0 639.00] 3s.00 | 68.00]14,630 s.91 2.09
42, Corridor Itercegtor . . ¢

$PCk6 . } 4 45500 187.00 630,00 | 42.00 | 672.00] 13,008 6,91 . 3.09
43, Corridor Intercepto . .

#PCHT [ ] §67.00 | 71.00 | €58.00 13,638 6.9 216
44. Bedford—Cadteuz r 184,00 | 160.00 | 924.00{10,783 [ %)) 1.68
45, North Mtercegter r a0 .00 ;| eax00| eo.00| esz.00] 5,3 12.60 278
46. Wyoming Rellef Scwer rrg} il 18e.%0 §, 000 - 6.38 X
New York . 00 4,08 4.19 - 1.28
47. Bleoheim-Gilhoa B 70800 010 29.80 . 8.9
48. Richmond No Deta Avallable ,
49. Tusmel No. 3-520 ] 1,916.00 [2,224.00 | 4,240.00{17,611 [~ 21.00 4.20
§0. Tunoel No. 3-821 » 1,310.00 | $30.00 | 2,300.00] 31,370 21,00 4.30
51. Tunpel Ro. S-532 » 1,586.00 [2,004.00 15.18 3.54
52. Woest Side Scwer a 1,870.00 | 3,655.00 | s5e0.00 |[290.00 5.00 . ) .
53. IO Rrek Bibway B : N : . . 100.00  1,000.00{600.00 | 1.60 .
54. Routo 101-13 | % 0 1,177.31 | S8.44 [s62.44 41.62 |[1,838.01 o |1,838.01| 770.00 | 3,588.01| 3,007 | €5, 795 | 22.21] 21.33 23,201 | 149 1.6 14,10 | .0014 ° 83.00 2.12] .42 0 0 2.5
Pernsylvenia . . . )
65. Tuscarors B Only Duta
Massachonetts . . 163
86. Dorchester B 250.00 | 30.00 §160.00 56.00 496.00 | 34.00 | 580.00] 33,000 4.55

2.3

67. Elliott Bay Itercegtor ¥ 497.40 11,732
D-A:R.T. |
£8. Coztract MOO11 B 35.00 1,088.00 330+14D.[ 1,480,00 7,000 A
59. Contract K0061 B 75.00 130.00 1,810.00 {380+ 1,810.08 4,874 .
€0, Coutract KOOI B 100,00 1,200.00 [830+Lab.) 1,640.00 3,200 N
81, Oontract MOOIL » 65.00 €2.00 971.00 330+1ab] 1,418.00 . 9, M0 §
€3. Coatract BOGIL B 260.00 . 3,860.00 Lab.) 4,400.80 00 !
63. Contract K0014 » 120.00 1,206.00 {30+Lab] 1, . s 4 1ive
64. Coutract MO2 B 35.00 88.00 60.00 [330+Lab 1,182.00 3,50
€5. Contract COOM1 B 20,00 640. P" 680,00 32, 400
68. Contract 50022 B 100,00 . 0.00 1,365.00 [330+1a8. 1,852.08| * 10,220
&7, Comtract 80011 B 80.00 . 60,00 1,205.00 1330+Lab] 2,475.60 8,212
68. Coutract MOOS1 B 45.00 0. ” 835.08 6,815
69, Camtract 80021 B 65.00 : “.% 1,190.00 {330+LabJ 1,830.00 7,800
¥0. Pat-McClond B Ouly Progicietary Contiector Deta
71. Belden No. 1 . No Cost Dta 3
72. Beldemn No. 2 No Cost Dista Avaflahle

Note: Data was not svailabie for ftems la2 bisak.

. Incloded in excavation.
b.  Inoloded ta Mafeg.
o. Icluipe $30 eftiyr. *
4. Wcluded bn'stedd seta. .
o. Includes Hmer.

£, Iscludes $.90 eker,
8- Iocludes sqgports.

h. ludes cavaest «nd tng oteel.
* 1. Cost par ncas foot of tawmel whe provided sithough tanels were uly pertially Itued. Cost and quastity relstionehips oo a per orid yard of coscrute besta reflacttn ; Arement
1. Mnﬂmdm“dmmrm Memmmldmumdmmjaﬂm::lmmm’.lni:oddﬂb.dhc::;m. these redocod
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Tablo 31 (conttmmet .
) ” _C-
Support Quantities per CYE Pﬂmryswm [Quanttties per Cubic Yard of Lining Cosets per Cubic Yard of Lizing
Cublc CYL Other
CYE Yards |per LT CYL Bteal [Reinforcing | Conorste Othar
per LF HBe~ | per LF Seis  |Timber | Rock Bolts Btesl Coment 7] Operstions ‘ Reladorcing | Comorete
alculated (CYL) Talculsted Seta Timber Bolts | Other | Total Ceom .
.43 63,300 196 3558 27.91
8.91 2.08
6.91 2.09
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" .9 A . 55.80
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21.00 «
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100.00 100,80
31.33 23,201 | 7.4 7.89 14.10 |.0014 (] 63.00 [ .54 5.05 T2400 .77
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Projeci.s} performance, as measured by advance rates, was unavailable for
most of the sample projects Advance rates were found--~in this effort as:in pre-
vious studies-to be:a ﬁmction of tunnel bore, geology, and whether the boring is
accomplished by.'machine or by conventional drilling and blasting methods.
’ Machine adrance rates were generally higher for the proj ects in the sample for
which data were obtained. _ Furthermore, these machine rates also appeared to be
a function. of the level of technology at the time the machine ‘was produced. For
example, the same machine was used in the Water Hollow Tunnel as was used in
the earlier Azotea Project.. T The advance rates for the two tunnels were approxi-
| mately the same (Water Hollow advanced at 300 LF per week compared ta 340 LF
| for the Azotea) However, the River Mountain Tunnel, which was bid in the same
time pericd as the Water Hollow, used an up-to-date machine which averaged 510 LF
per week - '» ' |
Preliminary regression analysis resulted in high coefficients of variation
(indicating considerable: variation between actual values and estimates of the
regression equation) and low coefficients. of correlation. The coefficients of
variation that resulted from the preliminary analysis ranged from 40 to 60 percent.
Closer inspection indicated that the varfation was not as great as therstatistical
measures reﬂected. ‘In many cases, an: overestimate in one task would be offset by
a corresponding underestimate in one or both of the other tasks for a particular
tunnel pro;;ect. This effect was caused by the bid "mbalancing" described in the
previous: chapter. _ |
Regression-snalysis. was first performed on the lining task. Several of the
sample tunnel projectsreﬂected the effects of bid "unbalancing" in this task. Low
costs in this element were offset by high: costs in either the support or excavation
tasks. When this effort was determined to exist in a sample project, the project
was dropped: fromthe sample. This procedure allowed the cost estimating rela-
. tionship:to be de"v'eloped»with a minimal amount of distortion caused by unbalancing.
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Costs per 1inear foot were related to cubic yard of concrete requirements per
linear foot of tunnel using the calculated values. An allowance of 15 percent over-
break was used for hand-mined tunnels (15 percent of the excavated volume).

A fixed cost was indicated by the residual vélues of the equation. The recipro-
cal of tunnel length was ‘introd.uced as a parameter that would measure the magnitude
of this fixed element. The resulting value ($245,400)- compared favorably with costs
of the concrete plantand the lining forms. This equation is presented in Table 3-2.

Regression anaiysié was next performed on the s‘upp_orf task. Only three obser-
vations (San AFernand',cA); Hells Canyon, and Lawreﬁce Avenue) we’.rg excluded from
the sample. These three Qbsarvatl'ons were excluded because no quantities asso-

clated with supports were available. '
| The most cost slg'ni_ficant item m the subport category was steel sets. Tunﬁel
projects for the Meti'qpolitah Water District of Southern California (MWDSC) were |
bid by direction ($.18 per pound) for all amounts of steel sets in exdess of the speci-
fied bid quantity. In addition, bid qua.ntitiés for the specified quantities were some-
what less than $.18 per pound. Since most othe;' tunnel projects reﬂecteﬁ unit
prices considerably in excess of this amouht, it was assuined that unit prices foE
MWDSC tunnels included only the material cost. For this reason, a "'stratification"
variable was entered to allow 1abor and material elements to be shown separately.

Support costs wére'rela;ted to 'qua.ntities of steel sets (Ibs), 'roc_kbolts (1.£.), and
timber (MBM). All thes,e' v,ariables-were expressed in terms of linear feet of tunnel.
Rockboli:s and tlmbef #r'equ'irements were relatively insignificant for the sample data.
Regression énalysis could not provide suitable coefficients (i.e., coefficients were
of the wrong sign and/or magnitude and were found to be statistically insignificant).
For this reason,. avefa_ges derived from Appendix A ($2.00/1.f. rockbqlt and $300/
MBM timber) were used as coefficients for these terms. ' |

Support césts wére correlated with quantities of steel sets using the stratifica~
tion variable. The resulting eqﬁation indicated $.1785/LB for material cost and
$.14€5/ LB for laboi-‘;* "v-This relafionship was entered in Table 3_—2. ‘

3-11



'fahle 3-2

TUNNEL COST ESTIMATING RELATIONSHIPS

P Y I T RN

i
1. L, o T - . X . . o . ) . E pr e L . [P
“Tetal Tunnel Equatluns by Major Tasx (Level £, Fgure 3-0 . - e m(lon‘ lor Tmpl.ml (uy.q l_. ngmj-l):
| Excavation Conventjonal (hand)  IQD>75% $¥/LF= 1.94_;3'" B 5.212 'c'i,!"t' ol‘"ﬂ' l' "l" lt uunlox! qmntluea are nvnllnble. ‘
Conventional hand)  RAD<IS%  &/LP - 381,438 + 12.665 ST Convostionl kaad) RQD>T5 §/LF = 190,16 + 6,37 S m—n.oo%g + 300,003 —m » e g S
D . cva :
Mach : =13. .car, EYE
fne : L WLF = 73,762 + 20,007 S Comentivnal (hasd) ID<15 alu-a«.zvuz.u%:.—':o.mﬁn.oo-r:oaoo.ool} o 2900, 50,64 SEY
Micient of Corre - ..082 . . . o .
Socliclam of Cartulatics = .83 - L . .mm T YLF 60544 1067 __c:: . .azs-—— . z.oo-“i% ca0 5 -—-l-“—“"‘" + 28, cu,—(:;‘ =
Locthcicnt of Vaniation = 333" S ~ 1 Sl ) . . : 4
Supparts Quantity Avallable $/LF - 32053 8 r '2.00 22 aoo %0 -E-‘, | Ostten3: veu if support qunnuu« arv not AullnMo. .
Confficicnt of Correlation = .543° ~ o eommmlm 1QP>T5 $/LP = 190,16 + [8.202 + .37 (100 - nQb'n] or, 5,000 :s.«w‘ll‘
. iF T LF
' ea Standam Error = 41,41
Couflicient of Vartat - . ,
A ovflicient of Variation s . _ Conventional and) NQD<T8 S/LF - 341.21 + [12.503 .27 0100 - RQuy) LE, z'f% 3s.4 LK
o Quankity pot Avalisble $/LF = .27 (100 - nqn'u x£XE cyx 4 o CYE 245 400 p—
_ _ Machine a/u- 69.54 + [w.m .37 uoo rapr] F ‘ "’L'F“ .-m.u 'TF
Lining $/LF = 4,224 ":'l:'“’ aa.uoc—:}‘ . '
Coufticicnt of Corrolation -  .0A2 . . Opticn 3: Planalng Modol )
Standard Error. - 42, : .
Coelficient of Vart - .3,, . R (:omemoul annd) RQD>75 "$/LF = 190,15 + [u.oo +.395 (mo Lt ] c“‘ 3'-%;.32
’ ' , CYE 215,100
Convontionnl (hand) nqnqs s/u-'r m.u . [u.n + +386 (100 - RQDTY] == or -—,:i__——
‘Machine &/LF = 69,54 + [19.43 +.395 (100 - nqu%)] LYe 31?;';“—“
. Key  LF = Linear Foet of Tunnel
CYE = Cublc Yards Excavation
88 = Stecl 5cts (poumds)
RD = Rock Bolta (inoar fost of rock bolt)
T = Timber (MBM - Thousand Board Feet)
) . CYL = Cuble yards liniag (concrete)
v ma mens .w.» &."; e i i '.-.ﬁ . - . . . - . ]




Fourteen sample observations reﬂected no support costs or quantities (support
costs were included in the ‘excavation task). in addition, three observations, as
stated previously, reflected support costs but no quantities. E‘or'th.is reason, cost
estimating relationships were derived for support costs as a function of tunnel size
(cubic yards excavation per linear foot of tunnel) and geology--measured by RQD.
This relationship is shown in Table 3-2 and can be used as a tool in estimating
tunnels that reflect no support quantities or in planning purposes. |

Excavation costs (including material handlmg) reﬂected variation caused by

(1) "unbalancing" with respect to lining task costs and
(2) differences in allocating labor costs between the excavation and
support tasks.

For this reason, excavation costs used in the regression analyses -Were obtained by
subtracting support and lining estimates from total tunnel costs'.l The support- costs
used in this calculation were those derived by mult.iplying-the support quantities by
the unit prices derived‘in the support regressions. .Other tunnel projects, for which
quantities were not _available,- used estimated support costs per cubic yard of excava-
tion with respect to geology. | |

Regression analysis indicated that excavation costs were related to tunnel size
(cubic yards of excavation per linear foot) and geology. The resulting equation is.
shown in Table 3-2. ‘

Table 3-3 presents the actual costs for the sample tunnel projects and those
provided by the regression equations Variance measures (residual values and
percent differences) between these costs computed in Table 3-3 indicated the three
equations did well in estimating total tunnel costs. More variance—-caus_ed by bid
"unbalancing"’--was‘findicated between the actuai and estimated ccosts for the three
major tasks. o | ' - | -

Equations for the three major tasks were aggregated to provide equations to esti-
mate total tunnel costs, Three equations are provided to estimate these totals in

Table 3-2. The fi'rst of these is recommended when support quantities are available.
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Table 3-3

COMPARISON OF AC'ﬂlAi- CUSTS AND EQUATION ESTIMATES FOR THE SAMPLE PROJECTS

-

Am‘ Luta Estl Data- échODt
- No. | Excavation | Support. lengn _ Total. - | Excavation | - Supports Lining Total _ Resldqalc Difference
1] 248.20 18.58. 61.89 | 326.67 M. 1.7 50.78 306.56 20.11 -6.16
2 268, 52 38.54. - 5.82 308,68 282,668 26.86 16. 29 325,81 -16, 98 5.48
3 191.70 $7.19 35.38 |: 284.24. 218.34. 30,98 26,48 275.80 8,44 -2.97
4 237,29 80.79 46.40 334.46 226.62 35.92 53.78 | © 316.32 18,14 -5.42
5 '227.80. 42,3y 70.29 . 340,42 294.10 27.58 95.13 416,81 -76.39 22,44
61 440.21 112.07: 168.58 | 717.98: | - 288.30 | 236.02 .232.42. | 723.74 -5.178 0.81
7| 607.00- | 186.11. ‘266,14 1059.28 - §52.41 .286.51 . 263.11. | 1112,08 -52,78 4,98
8 424.9% 108.18. .256,08. | 790.21. 241.40 -266.18 273.08 - 780.65 9.56 -1.21
9 313.58 194,14 98.9¢4 803,68 207.88 234.36- | 175.87 618.07 -14.42 2,39
10 691.95 - | 1146.88- 587.74 2426, 87 687.10 1068.178 620,10 2375.93 50.64. -2.09
1| 700,36 336.92- 301.44 | 1338.7% 869,37 423. 80 - 321.46 1314. 63 24,09 -1.80
12 | 1186.10 202.4¢ 306,91 1765.48 815,39 392,44 621.36 1824, 69 -64. 24 3.64
13 508.79 288.62. 84,121 838.52 ‘451,82 214.62 177. 24 '843.36 - -7.84 0.94
14 8332.73 187.14. | 519.53 | 1539.40. 668,23 ‘295,68 465.08 © | 1428.99 110. 41 -7.17
16 | 130,38 18.63 83.09.. 242,04 118,91 17.38 67.43 203.72 38.32 -15,83
16 120,93 T.61. 64.83- 193,37 117.78 50.18. 41.18 209.11 -15.74 8.14
17 88.34 1.1¢. 64.65 I+ 154.13. 113.69 .64 57.53 171.86 T -17.73 11.590 .
18 o ’ 362,47 211,37 122.21 131.90 485,48 -103,01 - 28, 42
19 C 270.48 261,68 66,01 183.31 510. 00 239, 54 88,57
20 1832.98 2.68:. 61.00 - 246,63 212.68 14,96 58,96 283,57 - -36.94 14,98
21 | 834.12: 90.10 . 127,80 741.72 352. 28 127.50 426.49 906.24 | -164.52 22,18
32 | 490.32 188,11 789,94 1468.87 478,08 256,19 732.75 1466.99 1.88 -0.13
23 | 871.6% 208,81, 265.73 1043.23. 62516 151. 48 334.94 '} 1111.58 -68.35 6.55
26 : T 247.30 138,08 27.80 80, 01 243. 87 3.43 -1.39
2 260.00. 134. 56 27.14 110.60 272.30 -12.30 4.73
28 . . -375.00 - 153.23 35.47 134.24 322.94- ~47,94 172.43
. 29 ' 230,00 - 134,56 27,14 91,84 253.54 -23.54 10,23
30 1083, 80 417.74, 187.10 208.20 813. 04 250..56 ~-23.56
31 261.50 - 143,63 31.18 96.03 270.84 -9.34 3.57
32 = 191.10. 134.56 27.14 109.91 271.61 ~80.51 42,13
,” ' s : 190.74 - 134.66 27,14 160.71 322,41 -131. 67 69,03
34 325.68. L 2,82 67,08 | 395.89 230.21 32,37 68.25. 330.83 64.76 -16.37
35| 289.00 : 46.04: | = 304.04 133.18 26.52 63.03 222.73 81.81 -26.74
36. 260, 00- 64.98 324.96 161.76 39.28 74.87 . 275,91 49.05 .| "-15.09
40 3386, 80: : o 75.08: ©411,88. 1 174,358 44,90 79,97 }. 299,22 112.87 -27.35
54 | 1717.91 86.44 | 503,87 | 1827.64 311.48 111,13 495. 86 918. 44 909, 20 -49.75
L _-Aversgo. {' Standard. | Coefficient | Percentage
g - " Cost . . Error. - |of Variation Error
Limited Sample . 800,97 43,12 5.38 8.23
Total Sample . 649,37 - 172. 09" 26,50 24.60 .
8. Conaists of ohservations used in developing the refatlonshipm, These are Numbers 1-17, 20, 22, 23.
b. Lining costs wore adjusted by multiplying project unit prices times valucs of 1.8 bhls cement per cuble
yard lining and 20 lbs, Rebur per cubic yaed lmlng (or ull projects reflecting values in excess of theso two limits,.
©. Actunl Cont mimis Estimatod Cost, :
de -

Estimatod Cout divided by Actual Coat minus 1004,
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If these qua.ntiﬂés are not available, the second equation can be applied using an
estimate for the value of RQD. The third equation is useful in planning exercises
where only the tunnel bore and geology are required for input to obtain the tunnel
estimate. For this latter equatfon, lining thicknesses were normalized for the
ranges of RQD. _ ' | '
Graphs are also proﬁded as a tool for estimating costs of future tunnel pro-
Jects. These graphs‘ provide cost as a function of unlined diameter and RQD to
eliminate the need for. Caljculatlng cubic 'yard per linear foot requirements. Total
cost as a function of unlined diameter and RQD is shown in Figure 3-3.
"~ As mentioned previeusly,. contractors often distorted costs of the three n{ajor
tasks~-excavation, suppe_rts, and lining--~by "unbelancmg" their bids. For this ‘
reason, both actual costs and equation estimates were plotted against unlined | .
tunnel diameter with respect to RQD. Figures 3-4 through 3-9 present the graphi- s
cal relationships of the three major tasks as a function of unlined diameter and
RQD. - '
Cost factors were obtained for the cost elements at leirel 3--Figure 3-1.
These factors were deeiﬁed by caleulating averege values from Table 3~1 for
all cost elements except exc’*.avatlon’ and concrete. The’ factor foreobtAaining esti-
mates of the excavation task s id.ent.lcal to the equation shown in Table 3-2,
except that it 1s arrahged to provide estimates -exbreésed in terms of cest per
cuble yard of excavation. The concrete cost faetor was obtained by rearranging
the lining cost e'quation‘ln' Table 3~2 to be ‘expressed in terms of coet per cubic
yard ef concrete and subtfeeﬂng_ the cost per cubic yard of concrete averages for
cement, reinforcing steel, and other concrete operatl_en cests, TheSe cost factors
are presented in Table 3-4. . o
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Table 3-4

COST FAC’TO_’RS FOR LEVEL 3 (FIGURE 3-1) ESTIMATES

Excavation® L ' $/CYE= 5.272 + 190. 15 (LF/CYE)
: ' $/CYE = ' 12.565 + 347.27 (LF/CYE)
$/CYE = 10.667 + 69.54 (LF/CYE)

Supports . '

Steel Sets " $/LB = $.325

Rock Bolts $/1.f. = $2.00

Timber B $/MBM= $300

Lining® - o ‘ |
Concrete - $/CYL = 23.52 + 245,400/CYL
Cement b $/CYL= 8.08

Reinforcing Steel ‘ $/CYL= 1.60

Other Concrete Operations $/CYL= 5.44

Key: LF = Llneér' Feét of Tunnel -
- CYE = Cublc Yards Excavation
CYL = Cublc Yards Lining (concrete)

.a. Negative lining constant (-4.224) in Table 3-2 was set to zero.
Excavatlon constants reﬂect this amount subtracted.

b. Cement and reinforcing steel costs were adjusted by multiplying
project unit prices times values of 1.8 bbls cement per cubic yard
lining and 20.1bs reinforcing steel per cubic yard lining for all
prOJects reﬂecting values In excess of these two limits.
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MA CHlNE TUNNE LING COSTS

" The purpose of presenting machine tunneling costs is to provide some insight
into the trade-off economics for consideration between machine and conventional
"'drill and shoot' ex'cavatib'n.. The costs presented are intended to be exclusive of
" those associated with material removal |

' The cost of purchasing a machine is somewhat like acquirmg an automobile in
that advertised prices do not always include demrable and sometlmes essential
equipment For example, a laser guidance system is generally not included
because there is more than one type, and price, available. _They vary from a-
simple target. lndica:ting type, which still requires an operator to manually guide
the machine-,‘_to the ‘much more soph'isticated-_tYpes, which are coupled auto_m'atically
to the -machine stee'ring; mechanism. A dust removal system is also optional because
some geologic conditions do not require its use. Some more essential items not '
always included are the-mater-ial loading systemor the cutter head and cutter set.

It was. found in one or two. lnstances that a fully equipped machine from one manu-
facturer will cost’ 60 to 80 percent more than a "stripped" machine, of the same.
size, from another ma.nuf_acturer. Some of this difference, quite possibly, could
also be-caused bp variations: in manufacturing costs.

Some price reductions have been achieved by modifying or overhauling used
machines, it is apparent that standardization of tunnel sizes could make this:
practice more common. Foreign—made machines appear to be lower priced than
some machines manufactured in the United: States but shippmg charges mlght off-
set these savings. . _ .

True operating costs are also difficult to obtain due to prlvate negotlatlons
between manufacturer and contractor. At this time, some subsidization takes
pla.ce on certain pm]ects. For example, a manufacturer may, as an inducement,

- offer to bore some amount of tunnel footage free in order to.ba"ck up a promised
advance rate or cutter cost. Or a manufacturer may, as inducement, guarantee

’ _the cutter cost,E'Which means that he may lose money. The final true cutter-cost
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records have not been made available. One manufacturer could not supply cutter
costs necause he reported that some contractors, on machine projects, had their
cutter bits made locally. The price of one manufaciurer's machine includes the

- sost for maintaining a factory representntiye at the job site for the duration of
excavation. _

An additional problem in projecting rock machine cost data to 40-foot diameter
tunnels is that, based on »historical data, the adva_nce or boring rate in such a tunnel
is almost zero. This is }p'rlmarily due to the lagging cutter bit research which
shows that as diameter increases, boring rates decrease. There is no theoretical
reason why boring rate could not be relatively constant w1th diameter. Greater
research efforts should prove this; therefore, lacking historical data on the 40-foot
tunnels, projected costs were based upon projected technology also ‘

The various rule-of-thumb cost estimating relationships supphed by manufac-’
turers for predicting machine investment. cost appeared to have little agreement
between them. It seems that each rule of thumb is valid only for those machines--
operating in their design environment--that have actually been built. They_ are of
no use for larger tunnel diameters and variations in geology. The CERs are intended
to give a more realistic view of tunnel'machine cost for a greater envirchmental
variation. | » | :

Figure 3-10shows rock tunnelingmachine lnvestment costs and Figure 3-11
shows the soft ground tunnellng machine lnvestment costs. The cost estimating
relationships were constructed using some actual costs, where avmlable, and .

. projections based on extrapolatlons of manufacturing specifications for torque,

_thrust and weight for known existing and successful machines. The costs shown .
are intended to include equipment required for production tunnel boring The
rather widely heard criterionof $1, 000 per horsepower for the cost of a tunneling
machine appears to be broadly acceptable, with reservations First, this price

does not seem to include costs for a set of cutter bits, a dust control system, a
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laser guidance system, ora material loading system. Second, it appears that a
lag in cutter bit besrl.ng development has allowed smaller horsepower requirements
for larger diameters than economical boring rates would dictate. If thrust and RPM
of cutter bit bearings could be increased, cutter head RPM would not have tobe
reduced on large. dlameter machlnes. This, in turn, would require greater horse-
power, at greater cost, for large machlnes, but should greatly improve boring
rates. C |
Figure 3-12, wb,ich.showsrilaehlne advance rates for various rock strengths,
was constructed p,rtmarﬂy from industry estimates. The‘re'. is rio variation in; -
-dlameter shown‘becsusev, as-discussed previously, if historieal déta are extra-
polat'ed to lsrgevdiameters we get'unrealistic-advance rates. The boring rate.
shown reflects present technology in' existing machine diameters and the assump~
tion has been. made that when larger machlnes are built technological advances will"

permit a. relatively constant boring rate. Several points from historical records

have been shown; they seem to substantiate the findings. The large diameter -

machines did have vvery slow boring rates, but they were relatively old machines.
The most: re,oent machines' rates follow the estimates very clos ely. It should also
be noted that of the- fewreee'nt“medium-si’zedx machines, an improved technology

is apparent. Accelerated cutter bit research should close the gap in diameter-con-
straints. ‘ '

Figure 3-13, which shows rock cutter costs, is also based pnmarily on mdustry

estimates due toa la.ckof rellable data. The reason for showing two cost estimating

relationships for 15 000 psi rock is due to the change from steel cutters to tungsten

carbide cutters. It was estimated that this would take place at approximately -

15,000 psi. The small ‘amount of rellable data that was available has been shown

and agrees well with t‘ne- estimates.
Figure 3-14, which shows the direct labor cost, assumes the crew size to be

determined solely by the manufacturer or the contractor. The crew size could be

relatively consta.nt with diameter variations, which limits the cost per linear foot
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primarﬂy to variatlons lnboring rate. The discontinuity, shown on the graph, is
occasioned by a reported slight increase in boring rate when carbide cutters are
insta.lled at 15, 000 psi of rock strength. There were no reliable historncal data
available for calibration of Figure 3-14. "
~ The cost of machine maintena.nce, repalrs, and power is shown in Figure 3-15.
This CER is based on an assumptlon of machine amortmation over five m11es of
~ tunnel. '
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TUNNELING COST REDUCTION

Tunneling contractopc have done much to keep thc tui;neling cost from escalating
~atas rapid a rate as experienced by other segments of the construction industry.
There is little doubt- that effort will be continued, but mdmatlons are that the ]ob
of holding down costs will be getting more and more difficult. Cons equently,
during the data gathering phase of this study the views of contractors owners,

and engineers were sought regarding possible procedures or techmques for main-

taining or Improving the costs of tunneling.

STANDARDIZATION

Reducing the amount of hand labor in tunneling in favor of increased machine
production will obviously result in cost reduction; however, the increased machinery
‘co'st must be reckoned with. To derive the greatest benefit from his machines, the
~ contractor must strive fof the most intensive use of this equipment. Consequently,
he must evaluate all equipment purchases in view of "use interisity” and idle time
between tunneling jobs. Some "owners'' who, for example, needed a 10~foot diameter
tunnel were quite happy to accept a 12-foot or 13-foot tunnel for thc same costs, or
less-~just because the contractor had some equipment, e.g., a Vsliding floor or
jumbo, which would not work in a 10-foot tunnel. Tunneling machines are being
designed for each tunnel project and only rarely, if ever, are they not written-off
on the job for whi‘ch they were originally purchased. Clearly, costs would be lower

1f the machines could be written-off over several tunnels. Still another example
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is the forming for ooncrete lining the tunnel, which must be constructured individ~
ually for each project ! _

Tunnel sizes and shapes should be standardized into perhaps six or, exght
slzes and one shape--lnstead of circular, horseshoe, basket handle, modified
horseshoe, modified basket handle, etc. The payoff here is threefold: first, the
equipment can be produced in greater quantity at lower cost; second, the contractor
can antlclpate greater usage with a corresponding lower write-off cost; and third,
greater anticlpated use will justify greater expenditures by equlpment manufacturers,
to improve and develop new equipment.

However, standardlzatlon of the inside tunnel dlameter and shape without some
universat criteria for llﬁ_lng thicknesses would be ohly.e smali ,IImprovemex'lt.
Us_ually, the final deelgn thicknese is usually some function of the tunnel diameter,
i.e., 1 inch per diameter foot, or 3/4 inch per diameter foot, etc. Likewise, .
design concrete etrengthe generally-tend to be 2500 psi or 3000 psi. There is no
attempt to crlticlze'a'ny ef these ruie-ef-thumb criteria--but it does seem reason~
able that if 3000 psi ‘eonc"rete and 1 inch per diameter foot could become a lining
standard, extraordhiary conditions requiring a strong lining than this might be |
~ satisfied by lncreasing the concrete strength, i.e., use 4000 psi or 5000 psi con~
crete 1nstead of 3000 psl This will not only save money from.a lining standardiza-
tion standpolnt but ls a relatlvely lne:q:ensive way to obtain a stronger hning

CONTRACT'AWARDI?NG :

Some cost reductlene can beachleved by simply changing the criteria by
whlch tunnel__contracte are awarded. Instead of awarding contracts to the apparent
low bidder, ghey sho_uid be ewardedtd the contractor offering the lowest anticipated
final cost, to the owner, who additionally must pay interest on the utility bond. We
are referrlné to the add'ed’ expense, to the owner, of an unbalaneed contract bid.

For 'examplg. let's look at ahy‘poi:hetieal but reasonable situation:



Assume

(1) tunnel diameter = 24 feet (I.D.)
(2) tunnel length = 6 miles

The bid quantities could be:

~ Bid Quantity -
mobilization ' " lump sum
~ excavation. 722,000 c.y.
structural steel supports 5,000 tons

concrete lining A 192,000 c.y.

Assume that the low bid {s submitted as follows:

: Quantity Unit Price Total
mobilization - . - lump sum 2,500,000
excavation _ . 722,000 c.y. 3 36/c.y. 25,992,000

- structural steel supports 5,000 tons  $600/ton - 3,000,000
concrete lining 192,000 c.y. $ 15/c.y. _2,880,000

Total 34,372,000

‘And the second low bid is:

Quantity Unit Price - Total

mobilization lump sum 500,000
‘excavation 722,000 c.y. $ 30/c.y. 21,660,000
structural steel supports 5,000 tons  $600/ton - 3,000,000
concrete lining __ 192,000 c.y. $ 50/c.y. 9,600, 000

" Total 34, 760, 000

The low bidder is apparently low by $388, 000, but the owner is wrong
if he thinks that the taxpayers have saved this money. '

Lookizig at a reasonable construction schedule:

Date of contract award January 1, 1971
Date of excavation completion .

assuming 30 ft/day (average) March 1, 1975
Date of lining completion

assuming 3200 ft/month December 1975
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Now agsuming an interest rate of 6 percent/yeaf on the
‘construction bonds, and a uniform tunnel advance rate:

. o Approximate Time Approximate
Low Bidder For Interest Interest

mobilization. = 2,500,000 . 5 Years $ 900,400
excavation = 25,992,000 2 Years 1,665,600
supporting 3,000,000 2 Years 191,280
lining 2,880,000 5 Months 72, 000

Total Interest (disregarding other work) ~$2, 892,280

. Approximate Time Approximate
Second Bidder - - _ . For Interest .  Interest -

' mobilization© 500,000 = 5Years ~ $ 80,020

- excavation - 21,660,000 2 Years 1,380,000
supporting. - 3,000,000 2 Years 191,280 -

lining - - 9,600,000 ~ 5 Months 241,920

' Total Interest (disregarding other work) $1, 893, 220

leference T ‘ : $ 936 070

Net’ addltlonal cost to taxpayer by awardlng the contract ‘to an
unbalanced low bid,

$936, 070
/388,000

$548,070

This situation could'be avoided by making a similar analysis of tunnel blds

and awarding the cont_xfa_-ét to the bidder submitting the "low anticipated final cost,"
instead of low bidder. Many bids are unbalanced simply to obtain greater than

normal pajmenté- earfy-in' the ‘construction phase. This is not always the case,

however.

Sometlmes'unba_.la_liqlng is ﬂrtually forced upon a contractor to avoid losing

the job. Using the p;evlbus hypothetical bid qu:intities, suppose 'f.hat_the engineer

~made a 25 percent error when computing the amount of concrete lining.

. . concrete lining 1.25 (192,000 c.y.) .= 240,000 c.y.
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When the estimator checks this quantity, using the lining thickness, tunnel length,
and estimated over~break concrete, he will detect the error, The estimator has
found the concrete .er‘ror, and now he prepares an estimate of his cost to line the
tunnel, His cost hes little to do with the advertised concrete quantity but is based
on the fixed cost of plant, equipment, and forms, the cost per day for labor and
overhead, and the number of weeks requivred to line the tunnel. In other words

the lining cost s first determined as a lump sum and then by simple division is

- converted to a price per cubic yard. Aga_in, from the previous example,
cost to une tunnel $9 600,000

If this price ls spread over the mcorrect concrete quantity of 240,000 cubic

) yards, the unit bid pmce becomes

9,.600, 000 '
e Y . = /
240000 $40/c.y.

However, the estimator knows that only 192 000 cub1c yards of concrete will

be used, brlnging a return of only:
$40 b ¢ 192,000 = $7,680,000, or $9;600,'0'00 = 7,680,000 = $1;920,000

less than antlcipated If he uses the proper $50/cu yd and the engineer 8 mcorrect'
quantity, he bids:

$50 per c.y. X 240,000 c.y. = $12 000,000 '

which may lose’ the job Knowlng he ls faced with a quantity reduction, the esti-
mator must drastically reduce his unlt prlce bid to. minim1ze the total dollar loss
- for the ltem. '

]

© $15/c.y. x 240,000 c.y. = $3,600,000
now he must put

' $6, 000,000

$9, 600,000 - $3, 600,000
back into his bid. Along with the
. (240,000 - 192,000) x $15 = $720,000
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The' ioglcal'way to offset.this is to increase the unit price bid for some item
which could overrun, llke steel supports. The mechanics of accomplishing this
are stralghtforward Normal. profit per ton of steel supports:

‘ say $30 -
increase the profit 5 tlmgs or bid:
(5 k $30) + ($600 - $30) = $720/ton
applied to the bld quantlty we have: | |
| $720 x 5, 000 tons = $3,600, 000

This in eﬁect has replaced $600 000 of the $6, 000,000 leaving $5 400 000 yet to be
rep[aced The $5 400,000 can now be placed into the’ excavatlon

5400,000 + 25, 992,000
o 722,000

= 43.48/c.y.

Now the oﬁly deficit-is the $720,000 which will be made up by overruiming |
the steel supports. The excess profit.in steel supports is $120,per ton, which
means that the steel supoorts must be overrun by:

720, 000

120 = 6,000 tons or 120 percent |

This 18 a conservative overrun based on some of our data. Where we encountered
this type of unbala.nce, we also found errors in the construction quantities.

Apparently, there is. msufﬂclent care of precautlons taken in computing bid
quantities. - ' ' ' '

SPECIFICATIONS

Construction speclﬂcations are intended to convey those ideas and requirements
+that are not q.pproprlate;for display in drawings but aré _n‘ecessafy for the proper
and efficlent funotlonlngeof the facility to which they relate. Unfortunately, they
appear to be sometimé.s_j.written by people who are unfamiliar with the technolpgy
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or are unsure of when the point of proper and efficient functioning is reached.
Some speciﬂcatlon, as written, appear Vto result in more costly construction than
necessary. For ea:ample, the requirement for cleaning of tunnel inverts to bare
rock before lining_.appears to be unwarranted, considering the additional costs
involved. AAlso, some specifications allow the lining form to go out of round,
within certain limits, so long as the tunnel area is not reduced. It is difficult

to imagine-how. a forrh for lining can go out of round without reducing the area.
This clause could be quite costly if rigidly enforced allowmg no tolerances.

One anonymous "owner agency" realized that one of the large cost items in
tunneling is the contlngency factor, and set out to reduce it. '“They made a thorough
study of the.cos_t§driv1ng factors associated vsith changes in geology and then wrote
.thelr specifications in such a manner that the contractor is compensated for changed
conditions without the added expense of claims. For exa:nple, their study of bids
showed no slgnlficant excavation cost increase for installing supports 6' on centers
or greater. The study also showed what the excavation cost increase amounted to

as support spacing decreased Thus, their contracts are now bid with a support

cost escalatlon factor in the speclflcatlon

unit prlce/lln. ft. of tunnel = (0' [ 1'8—5)P

where S = average spacing center to center of sets (in feet), and P = bid unit price/
lin. ft. of tunnel based on sets at 6 foot center-to-center This owner has set up
similar methods for reimbursing the contractor for excessive water flows, runnmg
ground and squeezl.ng ground. Also included in. thelr SpeCI.flcatlon is an incentive

plan for sharlng any cost reductlons with the contractor. -

Another area of potential savings is in the speci.fied tunnel safety requirement.
: The frequency of tunneling cave-ins or serious accidents today seems much less
compared with- years ago It therefore seems reasonable that a state government
spending large amounts on tunnellng could carry blanket tunnel accident insurance

cheaper than ,cou_ld each contractor. This could also res.ult in additional savings



through reductions in steel supports in tunnels. It has been reported to us that if
~ state governments aqsume(’l the-responélbﬂity for tunnel safety, they would not .
be forced to allow structural steel. o&erruns dictated by the ultra-conservative
design fdrmu‘lg's‘ used by :'supﬁp_lle'rs who mu_st guarantee safety.

GEOLOGIC REPORTING .

The amount-of geologic Information furnished to tunneling contractors runs
the gamut from absolutely noth.tng to an excellent survey and report. The best:
geologic réports-'for bi&dlhg contractors tﬁat we 'eﬁcountered were those prepared
by the 'Mgtropblltan Wéjt'er District of Los Angeles. Thé reason for regarding -
these'partlculax; reports l_ilghly is not that the MWD does more boring or testing
than some other "6wher§;"’ but they do much more to interpret the borings and; -
test data;. in medaningful language to a tunnellhg contfactor. - For exémple, some _
' "oWners" furhl_éhsoﬂc ?"veloclty-‘reports on the rock to be encountered even though
to aétually use such data-a contractor must be an experienced tunneler in that
specific rqék type, in the same part of the country. It is highly unlikely that any
tunneling contractor could accurately interpret sonic velocity data'in all rocks;
in all parts of the Uni@ Stateé, Consequently, the local tunneli'ng contractor has
an advantagépver the out-of-stafe contractor, which can lead to reduced competition
and higher costs. This is a characteristic of tunneling not found in general contract- °
ing, where there is ﬁsualllyva sufficient quanﬁty of local talent on hand to maintain '
competition. The lntetprgtatlon 'of geologic data could, however, be performed
by the owner or the engineer, whd is almost always local to thé geographic area.

At the other extreﬁ{e is the owner who furnishes nothing in the way of geologic
data other than U. S. Geological Survey Maps. The éxpressed philosophy is that
geologic exﬁlératlon_doe‘s not fesult in enough tunnel cost savings to pay for the
exploration. Needless to say, this. interesting view has never been _thoroughly.
researched. ‘Such a é_or:nparl'son, although beyond the scope of this study, could
no doubt be made using the data gathered here. If the belief is substantiéted, time

as well as money cohld be saved. .



Some tunneiing orojects_wer_e encountered for which a plot of the boring data
indicated that the boring fell far short of reaching the tunnel grade elevation. This
could greatly influence contingency factors as well as changed condition claims.

The testing of rock samples for uncoufined icompressive, strength appears
generally to be a co'ming practice even though it is historically la_cki_ng. Discussions
| " with tunnel owners and engineers indicate that compressive testing is performed
only when the use of mech'anicai.boring machines is anticipated. Another drillability
factor generally heiieved to indicate the'advisabiiity of attempting to mechanicaily
bore rock is brittleness. Unfortunatelyt, no.evidence that brittleness has been
related to t‘he.unconfined'compressive. strength was found. In practically every
‘ instance where unconfined compresstue tests were conducted by boring machine
| manufacturers and agents of the owner, the owner's test samples were always
" inferior to those tested by the manufacturer. v

. The design of cutter bits and cutter bearings for full-face bormg is an area
where U, S, Government-sponsored research could accelerate the state of the art,
There is evidence that tunnel machine manufacturers do not have the necessary
resources for an adequate effort and have been concentrating all avaiiabie resources
for improving machine reliability.

At the outset of this study, the Office of High-Speed Ground Transportation
desired to relate tunnei support requirements to "Rock Quality Designation" (RQD) ,
but very few peopl_e were encountered who had even heard of the term. In the one o
-project where the_FtQD tvas determined from borings, its value appears to be |
misleading. AAithough the determination of an RQD from a boring is straightforward,
relating the RQ'D:t'o a ty'oe and frequency of support is quite another thing. A factor
that is necessary but'iaCking from the .procedure for determining RQD is the effect
of variations in the orientation of the rock stratigraphy to the tunnel axxs Although

this might take the form of a simple sine or cosine function, it does seem needed.



' RECOMMENDATIONS FOR FUTURE RESEARCH

‘There is a need for research Into the economlcs' of shared flhanolng and-shared
use of large tunnels. It would seem that the .com'mun'lcatloris, power, petroleum,
natural gas, poetal, .' and ‘s’ahltar'y waste disposal lndustrles all have a n_éed for
lnter-urbafx‘ underground pas‘sag.eways.. Tunnel structures, havlng such long )
antlclpated llves, | .qllght attract slgnlflcant flnaoclal constructlon aid from such
interested use sharers Large tunnels also offer safety and low maintenance to
the various power and plpellne industries. v _

Our report also suggests research into the costs' of tunneling with and without
exploratory bormgs In addition to determlning whether or not exploratory borings
are economically justlfled research should be conducted to- determine that if
borlngs are justlfled,_ what amount of Investment is justified.

Flpally, an area of t_e:chrlologlcal lmproirement which time did not permit a
study to‘be lnclucle'd ln this report is large diameter rock shaft boring. :Most of
the known data in thls speclallzed fleld is wlth the Uranium Mlning Industry. The
greatest cost. ln large dlameter mechanlcal shaft boring, in rock, is the high
equipment lnvestment, but this probably would be reduced by standardization and
more intensive utlllzatlon The technlque involved appears to be similar to down

hole reaming except tbat packers are used for torque control lnstead of the
drill sbhaft. '
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' APPENDIX A KEY.

linear feet .

horse,shoe
basket handle

. lump sum

linear feet of pilot hole, rock bolt, or grout hole

_ cubic yards

cubie .‘yard_s ‘excavation

cublc yards lining (concrete)
pounds -
thousands of board feet

‘square yards
“barrels

cublé feet

each

.‘fpnedméticall’y applied m‘ortar coat .
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Name:

_ Loon Lake

Approximate Date: 1966

. Arch & Walls..

Location: North California (Eldorado County)
Owner: Sacramento Municipal Utility District
Contractor: : -7 Walsh Construction Conipany .
Machine Manufacturer: . None ’
Shape: S BHC :
.Length: " - 21,500 LF
Bore: - 18' x 18'
Inside Diameter: . 184" x 16'4"
Calculated Volumes: . . ‘
Excavation: ' 9.43 CY/LF -
* Excavatlon: 199,500 CY
“Lining: - 1.94 CY/LF?
. Lining: 41,700 CYP o , :
Material: Predominately granite, diorite and grano-diorite medium to coarse grained. .
hard and equiangular. Joints range from 1 to 4 ft on center.
Quantity Unit Price Total -
Quantity - per. Engineer's Average of Low ‘Dollars
o . LF Estimate of Three Bid Low i
4 N of Tunnel ' Lowest Bids Bid
Mobilization ‘LS 1,592, 000 .1,230,000{ 1,230,000}
Clear, Grub LS :
°  Subtotal- 1,230, 000
Dj‘lll Pilot Holes 1,000 If .05 15.83 11 11, 000
‘[Tunnel Excavation 21,500 1f - 249.87 190 | 4,085,000
'"Tunnel Enlargement S S
. Subtotal ‘ _ N 4,096,000
Steel Sets 650,000 1b '30.23 . 207 L1541 97,500
| Rock Bolts - 300,000 Lf - 13.95 3.05 2.43 730, 000
Timber o 2,200 If 111.67 13.00 28, 600
Rock Boit Shapes - - : AR o
Chain Link Fabric . 15,000 sy <. 8.67 3.00 45,000
Liner Plate- B ) : T
Other Wire Mesh 29, 333 -40,000 40,000
. . Subtotal - ‘ ‘ 941,000
{ 21,500 1f° . . 35.67 49.00| 1,053,500
Concrete- 2,200 | 127.00 121. 00 266, 200
Cement - - .- |1 40;000BBI | 1.86 4,90 4.70 188, 000
Reinforcing Steel =~ | 1,500,0000b - | 69.77 D197 .18 270, 000
" Subtotal B ' N ' o 1,777,700
Drill Grout Holes . 3,000 Lf - " 4.50 4.00 12,000
Grout Pipe o T s :
|Grout Connection 200 ea - . 21.67 20.00 4,000
fGrout Operation 3,000 cf - .14 6.50 7.00 21,000
PAMC 10,000 cf- .47 8.00 9.00° 90,0001 .
Other ' ' R
Subtotal 127,000}
Other Tunnel. N 0
Tunnel Total = 8.171, 800
Othér Project .t 2,200,610
Total Project . - | 10,372,410
‘a., Invert ,56; Arch 1.38.
b. 15,100 ¢y requirement. )
'c. Invert Concrete. . ﬁ) - 3
-d



“Name:

Loon Lake

Approximate Date: 1966

d. 13,000 cy Requirement

Location: N. Califoffiia (Eldorado County)
Owner: Sacramento Municipal Utility Dist.
Contractor: - Walsh Construction Company
Michine Manufacturer: None
Shape: BH"
Length: - 21152 LF
Bore: -18'-x 18"
Inside Diameter: 16'4" x 16'4"
Caleulated Volumes: .
Excavation: 9.43
Excavation: 199,500
Lining: 1.94 CY/LE ¢
Lining; 41,700 CY
Material: _' Predominately granite, diorite and grano-diorite medium to coarse grained.
hard and equiangular. Joints range from 1 to 4 ft on center,
- Quantity . .
B . per Unit .Final
~ Quantity LF Price Cost
B of Tunnel
Mobilization LS - 1,230,000 1,230, 000
Clear, Grub 1S :
_Subtotal 1, 230, 000
Drill Pilot Holes 100 1f <005 . 11.00 1,100
“Tunnel Excavation - 21,152 If 190,00 4,018,880
Tunnel Enlargement '

Subtotal 4,019,980
Steel Sets 107,374 1bs 5.08 .15 16,106
Rock Bolts - 106,493 If 5,03 " 291,685
Timber 440 1f -13.00 6,344
Rock Bolt Shapes S
Chain Link Fabric "+ 10,003 sy 3.00 - 80,009
Liner Plate o 6,473
Other {wire mesh)

Subtotal o -__350,6117

21,1345 49,00 | 1,035,590
Concrete : { 837 lf‘l’ , 121.00 101, 277
Cement - 38,618 BBl 1,83 4.70 181,505
Reinforcing Steel - 1,101,672 1b '52.08 .18 198, 301

Subtotal T 1,516,673
Drill Grout Holes
Grout Pipe
Grout Connections
Grout Operation . . '

PAMC 2,062 cf .10 9.00 18,558
Other —_—
Subtotal 18,558

| Other Tunnel : 0

Tunnel Total 7,135,828
Other Project 2,529,414

Total Project 9,665,242
a. Invert
b. Walls & Arch
c. .56 Invert

1.38 Arch A-Yy.




Name:
Location:
Owner:
Contractor:

Machine h‘[anufactu_rer:

Shape:

Length:

Bore: -

Inside Diameter:

Calculated Volumt_:_é: '

White Rock

North California (Eldorado County)
Sacramento Municipal Utility District

None

HS

25,760 LF
24' x 24
21'8" x 21's"

16.75 CY/LF

-Walsh Construction Company

Approximate Date:

1964

b. 39,500 cy requlrement

c. Invert,
d. Arch.

Excavation: ]
Excavation: 432,400 CY snear?est hundred)
Lining: - 3.23 CY/LF
Lining: 83,200 CY (nearest hundred)
Material: Predominately granite and granite gneiss, hard and blocky to massive. Estimatcd
.compressive strength 30,000 psi and estimated RQD = 90 to 95 percent.
Quantity Unit Price Total
_Quantity p;; Engineer's Avérag»e of Low Dollars
o Estimate of Three Bid Low
of Tunnel Lowest Bids Bid
Mobilization LS 1,519,167 1,547,000 1,547,000
Clear, Grub LS. 74,333 97,000 97,000
Subtotal , ' 1,644,000
Drill Pilot Holes 1,500 If ©.06 9.50 8 - 12,000
Tunnel Excavation. { 24,500 Lf 216.33 - 200 4,900,000
< 1,260 If 283.33 290 365, 400
Tunnel Enlargement N
Subtotal 5,277,400
Steel Sets 5,000,000 b "194.10 . 174 .20 1,000,000
Rock Bolts ' 5,000 If .19 3.50 3.00 15,000
Tlmbelj 11,000 If 19 20.00 220,000
Rock Bolt Shapes '
Chain Link Fabric:
Liner Plate )
Other Wire Fabric 2,000
~ Subtotal o 1,237,000
. ( 10,000 1€ '20% 50 18. 00 180, 000
Concrete { 15,000 18 13. 50 "10. 00 150, 000
9,000 1f° 90.33 83.00] 747,000
Cement 70,000 BBI 2,72 4.40 | 4.50 315, 000
Reinforcing Steel 990, 000 1b 34.94 .123 .13 117,000
Subtotal -1,509, 000
Driil Grout Holes 4,000 1f: 5.37 4.70 18, 800
Grout Pipe _ ) ‘ -
Grout Connection - 300 ea 18.00 13.00 3,900
Grout Operation 4,000 cf .16 . 4,75 4.50 18.000
PAM.C\, : 1,500 cf .06 5.00 8.00 12, 000
Other :
Subtotal 52, 900
Other Tunnel 0
Tunnel Total = 9,720, 100
*} Other Project - _ 2,749,040
Total Project 12, 469, 140
a. 2.58 Wall & Arch; .65 Invert."




Names

Location:

Owner:

Contractor:

Machine Manufactu).cr
Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes::

Whlte Rock

N. California (Eldorado County)

-Sacramento Municipal Utility Dist.

Walsh Construction Company

None

HS

25,800 LF
24' x 24"

. 21'8" x 21'8"

Approximate Date: 1964

b. Arch & Walls

c. 2,58 Arch & Walls

« 656 Invert

d. 2,600 cy Requirement

Excavation: 16.75 CY/LF.
Excavation: 432,400 CY
Lining: 3.23 cFY/ LF
Lining; 83, 300
Material: Predominately granite and granite gnelss, hard and blocky to massive.
Estimated compresslve strength 30,000 psl and estimated RQD 90 to
95 percent.
B Quahtity'
. Unit Final
anti per ;
Quantity LF . Price Cost
of Tunnel
Mobilizati(_)n 1S 1,547,000 1,547,000
Clear, Grub LS 97,000 - 47; 000
Subtotal 1, 644; 000
Drill Pilot Holes o
. 24,998 cy 200,00 4,999,600
Tunnel Excavation { 802 cy 290 232; 664
Tunnel Enlargement ' -
Subtotal ) . 5,232,264
‘Steel Sets 417,581 lbs - 16.19 .20 83;516
Rock Bolts 276,431 1f 10,70 ) _3.00 : 829,311
Timber . 911.5 If 20.00 - 18,230
.Rock Bolt Shapes o :
Chain Link Fabric.
Liner Plate
Other (wire fabric) __ 11,599
Subtotal ‘ 9425656
. a ’ )

4 804 If 18.00. 14,472
Concrete { 800 1¢ ° 83.00. 67,147 -
Cement . 44,022 BBl 1.71 4.50. 198,099
Reinforcing Steel 995,018 1b © 38.57 .13 ~ 129,352

Subtotal ’ 409,:070

Drill Grout Holes 2,630 If - 4.70 12,361
Grout Plpe .‘ : .
Grout Connections 82 ea. 13. 00 1,066
Grout Operation 2,005 cf - .08 4.50 9,023
PAMC 1,704 cf .07 8.00 13,632
Other - ) .

Subtotal 36,082
Other Tunnel S )

Tunnel Total 8, 264, 072
Other Project 2,192,632

Total Project - 10, 456,704

a, Invert




Name: ) Lowman Ridge Approximate Date: 1966
Location: * - N. California (Yuba County)
Owner: Yuba County Water Agency
Contractor: Perini Company
Machine Manufacturer:  None
Shape: HS .
Leugth: 19,410 LF
Bore: 12'6" x 12'6"
Inside Diameter: 9'8" x 9'8"
Calculated Volumes: . A
Excavation: . 4.55 CY/LF
Excavation: - 88,300 CY (nearest hundred)
Lining: =~ "1.83 CY/LF
Lining: - 35,500% CY (nearest hundred)”
Material: - Very -hard amphibolite approximately 15 percent lined.
_ Quantity :
: ' : per _Unit Final
anntity LF . Price Cost
. . of Tunnel
‘Mobilization - LS
Clear, Grub LS 33,000
Subtotal 33,000
"|Drill Pilot Holes . :
Tunnel Excavation 19,4101 , © 190.00 " 3,687,900
Tunnel Enlargement
Subtotal 3,687, 900
Steel Sets 1,850,000 lbs 95,31 .60 ) 1,110,000
Rock Bolts :
Timber
Rock Bolt Shapes
Chaln Link Fabric
Liner Plate .
Other Expansion Bolts -
Subtotal ’ 1,110,000
Concrete
Cement o
Relnforcing Steel - : .
Subtotal 652, 500
Drill Grout Holes 8,400 If 2.92 ' 24,500
rGrout Pipe . 1,900 Ib 1.25 2,375
Grout Connection . 40 ea v 17.00 680
(Grout Operation - - 5,000 cf .26 © 1,20 6,000
PAMC - :
Other
Subtotal 33,555
Other Tunnel -0
Tunnel Total 5,516,955
Dther Project 934,085
Total Project. 6,451, 040

a. Lined tunnel 5,300 cy (2,900 LF).

b. $41.88/cy.

¢. $652,500 was .shown and represented toal lining cost for 2, 900 LF'($225/LF).

A-7




Name: ° Camptonville Approximate Date: 1966
Location: N.:Célifornia (Yuba County
Owner: Yuba County Water Agency
Contractor: Perini Company :
Machine Manufacturer: None
Shape: HS
. Length: 6,107 LF
Bore: 14'6" x 14'6"
Inside Diametei: 12'8" x 12's"
Calculated Volumes:
Excavation: 6.12 CY/LF
Excavation: 37,400 CY (nearest hundred)
Lining: 1,45 (aJY/LF
Lining: 8,900 CY (nearest hundred)
Material: Predomlnately very hard amphibolite, massive requiring 18 to 20
percent lining. Reported powder factor = 3.0.
. Quantity . )
. per Unit Final
Quastity LF Price Cost
of Tunnel
‘Mobilization LS _ ..
Clear, Grub ‘LS ' 14,000 14: 000
Subtotal 14,000
Drill Pilot Holes . b
Tunnel Excavation 6,107 If .225.00 1,374,075 -
Tunnel Enlargement ‘ E L
Subtotal 1,374,075 -
Steel Sets ’ 110.53 N
Rock Bolts } 675, 000 | - .55 ,\'371.250‘
Timber N
Rock Bolt Shapes
Chain Link Fabric
Liner Plate :
Other Expansion Bolts :
Subtotal 371, 250
Concrete
Cement
Reinforcing Steel
Subtotal _ . 261, 250
Drill Grout Holes 4,700 if 3.24 15, 220
Grout Pipe 1,100 b 1. 50 . 1,650
Grout Connection - 40 ea : 11.50- 460
Grout Operation 4,000 cf .65 1.20 4,800
PAMC ‘ '
Other
Subtotal . 22,130
Other Tunnel
Tunnel Total 2,042,705
Other Project 720, 665
Total Project 2,763,370

b. Cost/cy = $36.84.

a. Cuble yards for 950 LF = 1,380 cy.

c. Cost of 261,250 represents cost of lining 950 LF ($275/LF)
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Name:

Location: -

Owner:

Contractor:: .

Machine M'mufacturcr

Shape:

Length:

Bore:

Inside Dlameter

Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:

Material:

Colgate (Section I)

N. California (Yuba County)
Yuba County Water Agency .
Perinl Yuba Assoclates
Nore

HS

21,678 LF

26' x 26'

21' x 21

Approximate Date:

19.67 CY/LF
426,400 CY (nearest hundred)

6.84 CY/LF

- 148,300 CY (nearest hundred)

Predominately very hard amphibolitic rock, 11 to 12 percent of
tunnel lined, reported powder factor 3.1.

1966

|
'u,A.kam‘.;-.wsL...

Mobilization .- .
Clear, Grub -
Subtotal

Drill Pilot Holes -
Tunnel Excavation .

‘| Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts
Timber . _
'Rock Bolt Shapes
Chain Link Fabric.
Liner Plate . .~

Subtotal

Concrete. .

Cement '

Relnforclng Steel
" Subtotal - -

Drill Grout Holes»_ _

Grout Plpe

Grout Connection - .

‘| Grout Operatlon

PAMC

Other ,
Subtotal -

Other Tunnel - -
Tunnel Total - -

Other Project ~
Total Project

Quantity
. " per Unit Final

. ‘Ql_xantity ' - LF |-  Price Cost
of Tunnel ' :

| Other Expansion Bolts -

LS
LS

21,678 1f “ 230

13,900 If : , 300

4,985,940

1,170,000

1,170,000

BTR T ST



Name:

Colgate (Section II)

Approximate Date: 1966

Location: N. California (Yuba County)
Owner: Yuba County Water Agency -
Contractor: ] Perinil Yuba Associates
Machine Manufacturcr: None
Shape: - HS
Length: 1,946
Bore: 19' x 19
Inside Diameter: 15" x 15'
Calculated Volumes:
Excavation: 10.51 CY/LF
Excavation: 20,500 CY (nearest hundred)
Lining: 3.95 CY/LF
Lining: 7,700 CY (nearest hundred) ]
Material: Predomlinately very hard amphibolitic rock, 11 to 12 percent of
tunnel lined, reported powder factor 3.1,
Quantity : »
' per Unit: Final
Quantity LF - Price Cost
of Tunnel - :
Mobitization LS
Clear, Grub 1S
Subtotal
Drill Pilot Holes
Tunnel Excavation 1,946 If 200.00 389, 200
Tunnel Enlargement
Subtotal 389,200 .
Steel Sets
Rock Bolts
Timber
Rock Bolt Shapes
Chain Link Fabric
Liner Plate
Other Expansion Bolts
Subtotal
Concrete 10,000 cy a 23.00 230,000
Cement 17,400 BB! 5.80 100, 920 -
Relnforcing Steel .
Subtotal 330,920 -
Drill Grout Holes
Grout Pipe

Grout Connection
Grout Operation -
PAMC

{Other

Subtotal

Other Tunnel
Tunnel Total

Other Project
Total Project

a. Assume 1,5 BBL/CY for other structure.




Name:

Location:

Owner:

Contractor:

Machine Manufacturer:
Shape: '
Length:

Bore: :
Inside Diameter:;
Calculated Volumes:

Colgate (Total) _
N. California (Yuba County)
Yuba County Water Agency
Perini Yuba Associates

"None -

HS
23,624 LF

Approximate Date: 1966

Excavation: 18.92 CY/LF
Excavation: 446,900 CY (nearest hundred)
Lining: .6.60 CY/LF
~ Lining: 156,000 CY (nearest hundred)
Material: - Predominately very hard amphibolitic rock, 11 to 12 percent of tunnel
 lined, reported powder factor 3.1.
. Quantity -
per Unit Final
Quastity b LF- Price Cost
of Tunnel -
Mobflization LS
Clear, Grub-. 6,400 : 6,400
Subtotal , 6,400
Drill Pilot Holes . ‘ o
Tunnel Excavation 23,624 LF 227.53 5,375,140
Tunnel Enlargement - : -
Subtotal . . 5,375,140
Stecl Sets ' 84.86 :
Rock Boits } 2,000,000 lbs o . .50 1,000,000
Timber
Rock Bolt Shapes’
Chain Link Fabric’
Liner Plate
‘fOther
Subtotal 1,000,000 '_
Concrete
Cement
Reinforcing Steel
Subtotal 1,500,920
Drill Grout Hol'gs 20,000 1f 2.55 51,000
Grout Plpe ) 65,000 1b .90 58,500
Grout Connections 1,430 ea . 10.00 14,300
Grout Operation. 12,000 cf .51 3.00 36,000
PAMC L : : .
Other .
Subtotal 159,800 .
Other Tunnel - 3,462,500
Tunnel Total 11,504,760
Other Projec?t, . 8,548,365
Total Pxfoject : 20, 053! 125
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Nameé:"

Location:

Owner:

Contractor:

Machine Manufacturer:
Shape:

Length: ’

- Bore:

Insida Diameter:
Calculated Volumes:

Glendora (Section 1)

Approximate Date: 1965

Southern California (Glendora County)

. Metropolitan Water District of Southern California

Shea Company

None
Circular

"26189 LF Tunnel: 24589

Adit: 1600
18'6" 1714"
15'6" 14!

Excavatlon: 11.18 CY/LF
Excavation: 292,300 CY (nearest hundred)
‘Lining: . 4.24 CY/LF
- Lining: - 111,000 CY (nearest hundred)
Material: Granite (medium hard, medium blocky)
* : Quantlity Unit Price Total
Quantity per. . Engineer's Average of | Low Dollars
- _ LF ‘Estimate of Three Bid Low
: of Tunnel Lowest Bids . Bid
Mobilization s . )
Clear, Grub ‘LS 127,000 75, 000 75,000
Subtotal _ 75, 000
Drill Pilot Holes - 4,500 1f 17 5.00 3.00 13,500
Tunnel Excavation 299, 000 cy 11.07 36.57 - 87.70 10,933,000
Tunnel Enlargement 1,500 cy . 057 68.33 60.00 90,000
Subtotal ‘ 11, 036, 500
Steel Sets 4,800,000 1b 183, 28 .16 .10 480, 000
Rock Bolts 40, 000 1 1.53 .. 2.50 2.50 100, 000
Timber 1,000 MBM . 038 400 100 - 100, 000
Rock Bolt Shapes . B . ‘
Chain Link Fabric 4,444 sy . 6.30 3.60 16, 000
Liner Plate ) 120,000 1b 4,58 .29 .13 15,600
Other Expansjon Bolts
Subtotal 711,600
Concrete 107,000 cy 4.09 31.22 22. 00 2,354,000
Cement 185,000 BBl 7.08 4.03 - 3.80 666,000
Reinforcing Steel 1,500, 000 Ib §7.28 .16 .15 - 225, 000
Subtotal : 3, 245, 000
| Drill Grout Holes ©4,20018 3.87 2.50 10,500
Grout Pipe 5,000 1b - 1.23 .70 3,500
Grout Connection 1,200 ea. 23.33 10. 00 12, 000
Grout Operation 105,300 cf 4,02 3.72 3.00 315,900
11,000 .42 7.67 5.00 55, 000
PAMC { 8,500 °f .25 1 5.00 4.00 26, 000
] Other ’ :
Subtotal 422,900
Other Tunnel - 401,020
Tunnel Total . 15,892, 020
Other Profect - - 359,410
Total Project 16,251,430

a. Converted to linear feet by using 2.5 lbs/M




Name: Glendora (Sectfon 2) Approximate Date: 1965
Location: Southern California (Glendora County)
Ownér: Metropolitan Water District of Southern California .
+Contractor: o Shea Co. : :
Machine Manufacturer:- None
J Shape: ) ‘Circular
‘Length: 7,914 LT
Bore: 18'e"
Inside Diameter: 15'6"
Calculated Volumes: '
Excavatlon: 11.26 CY/LF
. Excavatlon: 91,200 CY (nearest hundred)
" Lining: 4.27 CY/LF
Lining: 33,800 CY _ :
sMaterial: Granfte (medium hard, medium blocky)
Quantity Unit Price Total
" per : Average of Dollars
Qqantlty LF E;gitlleelt"s .of Three I;;: Low
of: Tunnei stimate | west Bids Bid
Mobf{lization LS. _
.} Clear, Grub 1s 52,667 58, 000 58, 000
Subtotal 58, 000
Drill Pilot Holes 1,500 1f .19 5.00 3.00 4,500
- Tunnel Excavation 91, 000 cy 11.50 39.23 37.70 3,430,700
Tunnel Enlargement " 500 cy .06 85.00 60.00 30, 000
Subtotal : = 3,465, 200
Stcel Sets 2,200,000 1b 277.99 .162 .10 220, 000
Rock Bolts 12,000 If ©1.52 2.19 2.50 30, 000
Timber '400 MBM . 051 400. 00 100. 00 40, 000
Rock Bolt Shapes : '
' Chain Link Fabric 1,333 sy . 6.30 3.60 4,800
- Liner Plate 340,000 1b 42,96 - .38 .13 44, 200
* . Subtotal’ o 339, 000
Concrete - 33,000 cy 4,17 31.22 22.00 726,000
Cement : 57,000 BBl 7.20 4,03 3.60 205, 200
Retinforcing Steel 800, 000 Ib 101.09 .162 .165 132, 000
Subtotal ' : o 1,063,200
Drill Grout Holes 1,300 If 3.17 2.50 3,250
Grout Pipe 2,000 1b" 1.40 .70 1,400
Grout Connection - 400 ea. 23.33 10,00 4,000
-Grout Operation 32,400 cf 4,09 3.72 3.00 97,200
) 4,000 .01 "7.67 5.00 20, 000
PAMC { 3, 000 °f .38 5. 00 4.00 12, 000
Other :
' Subtotal 137,850
Other Tunnel (liner) 487,600
" Tunnel Total . 5, 550, 850
Other Project ) 207, 050
Total Project = 5,757,900

a. Converted to linear feet by using:2.5 1bs/1f
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Name:

Glendora (Total) _Approximate Date: 1965
Location: S. California (Glendora County)
Owner: Metropolitan Water Dist. of S. California
Contractor: Shea Co. - B
Machine Manufacturer: - None )
_Shape: Circular- Tunnel Adit
Length: 34,103 LF 32,503 1, 600
Bore: 18'6" 1714
Inside Diameter: 15'6" 14!
Calculated Volumes:
Excavation: 11.25 CY/LF
Excavation: 383,500 CY (nearest hundred)
Lining: 4.25 CY/LF
Lining: 144,800 CY (nearest hundred).
Materfal: Granite (medium hard, medium blocky)
Quantity Unit Price Total
Quantity per Englneer's Average of Low Dollars
R LF Estimate of Three Bid Low
of Tunnel | . . Lowest Bids : Bid
Mobilization s - ' T .
Clear, Grub LS 179,667 133, 000 133, 000
Subtotal o 133, 000
Drill Pilot Holes 6,000 If .18 5.00 - 3.00 18,000
Tunnel Excavation 381,000 cy 11.17 37.21 37.70 14,363,700
Tunnel Enlargement 2,000 cy . 059 72.50 60.00 120,000
Subtotal ‘ ' 14,501, 700
Steel Sets 7,000,000 lba 205,26 .16 210 700,000
Rock Bolts 52,000 1f ~ 1.52 2.19 2.50 130,000
Timber 1,400 MBM .041 400. 00 100,00 140, 000
Rock Bolt Shapes : .
Chain Link Fabric 5,777 sy 6.30 3.60 20,800
Liner Plate 460,000 1b 13.49 .36 .13 59, 800
Other Expansion Bolts ' ; :
Subtotal _ .1y050, 600
Concrete 140,000 cy 4.11 31.22 22,00 3,080,000
Cement 242,000 BBl. 7.10 4,03 3. 60 871, 200
Reinforcing Steel 2,300,000 ob 67.44 . 161 . 155 357,000
Subtotal 4,308, 200
Drill Grout Holes 5,500 If 3.70 2.50 13,750
Grout Pipe 7,000-1b - 1.28 .70 - 4,900
Grout Connection - 1,600 ea. - 23,33 10. 00 16, 000
Grout Operation 137,700 cf 4,04 3.72 . 3,00 413, 100
- 15,000 .44 7.67 5.00 75, 000
PAMC { 4,500 °f .28 5.00 4,00 38, 000
Other ‘ —-—
Subtotal . 560, 750
Other Tunnel (liner) | 1,955,000 lbs 888,620
Tunnel Total : 21,442,870
.Other Project 566,460
Total Project 22,009, 330

a. Converted to linear feet using 2.5 lbs/LF.




Name:

~ Location: =

Owner:
Contractor:

Machine Manufacturer:

Shepe:

Length:

Bore:

Inside Diameters

Calculated Volumes:

Glendora (Section I)

S. California (Glendora County)

Metropolitan Water District o

Shea Co.

None

Clrcular

26,189 LF; 24,589; ‘1,600
186"

15'6"

17'4"
14!

Approximate Date: 1965

f Southern California

.Excavation: 11.16 CY/LF
Excavation: 292,300 CY (nearest hundred)
Lining: 4.24 CY/LF :
- Lining: 111,000 CY (nearest hundred)
Matcrial: - Granite (Medium, Hard, Medium Blocky)
U Quantity - »
. per " Unit - Final
Quantity LF Price Cost
. of Tunnel
Mobilization LS 58,000 75,000
Clear, Grub LS . '
Subtotal " . 15,000
~ Drill Pilot Holes . ﬁ o o B
Tunnel Excavation _ /302,107 cy 11.53 37.70 11,389,434
Tunnel Enlargement 370 cy .01 60,00 » 22,200
Subtotal - ‘ ’ -11,411,634
g ‘ | 4,800,000 1bs .10 - 480, 000
Steel Sets { 15, 080, 000 Ibs 759.10 . .18 2,717,280
Rock Bolts o o '
- T{mber ~ 911.1 MBM .035 100.00 91,110
Rock Bolt Shapes
_ Chain Link Fabric
Liner Plate
Other L
Subtotal _ 3,288,390
Concrete 113,997 cy 4.35 22.00 2,507,934
Cement _ . 197,517 BBL 7.54 3.60 711,061
- Reinforeing Steel 936,047 1b . 35.74 .15 140,407
Subtotal o ‘ - 3,359,402
3,595 If 3.00 10,785
Drill-Grout Holes 7,294 If 2.50 18,235
Grout Pipe . 4,760 Ib .70 3,332
Grout Connections 2,097 ea . 10.00 20,970
Grout Operation 193,644 cf 7.39 - 3.00 580,932
' : " 45 of 5,00 225
PAMC { 82,572 cf 2.15 4,00 330,288
Other o
Subtotal - 964,767
Other Tunnel 384, 407
Tunnel Total 19,483,600
Other Project 330,498
Total Project 19,814,098
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‘Glendora (Section II)

Name: Approximate Date: 1965
Location: Southern California (Glendora County)
Owner: Metropolitan Water District of Southern California
Contractor: Shea Co.
Machine Manufacturey: None
Shape: Circular
Length: 7,214
Bore: 18'6"
Inside Diameter; 15!
Calculated Volumes: »
Excavation: 11.26 CY/LF
Excavation: 91,200 CY (nearest hundred)
Lining: 4.27 CY/LF
Lining: 33,800 CY (nearest hundred)
Material: Granite (Medium Hard, Medfum Blocky
. Quantity
. A per Unit Final
Quantity LF Price Cost
of Tunnel .
Mobilization LS 58,000 -58, 000
Clear, Grub LS .
" Subtotal 58, 000
Drill Pilot Holes _ :
Tunnel Excavation 92,071 cy 11.63 37.70 3,471,077
Tunnel Enlargement = o
Subtotal - . _ 3,471,077
2,200,000 1hs .10 220,000°
Steel Sets { 1,584,000 Ihs 478.14- .16 285,120
Rock Bolts i '
Timber -285.4 MBM . 036 100,00 . 28, 540.
Rock Bolt Shapes o
Chafn Link Fabric
Liner Plate .
Other )
Subtotal » 533, 660"
Concrete . - 35,091 cy 4,43 22,00 © 772, 002
_ Cement - 60,790 BBIL, 7.68 3.60 218,844
Refnforcing Steel 434,806 1 - 54.94 . 165 71,742
Subtotal 1,062,588:
. 3,085 If 3.00 9,255
Drill Grout Holes { 1,762 If 2.50 4,405
Grout Pipe 589 Ib .70 4i2:
Grout Connections 492 ea 10,00 4,920
Grout Operation ' 62,424 cf 7.89 3.00 187,272
1,265 cf .16 5.00 6,325
PAMC { 11,780 cf 1.49 4,00 47,120
Other '
Subtotal 259,709
Other Tunnel _ 472,038
Tunnel Total 5,857,072
Other Project 195,158
Total Project 6,052,230
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Name:

Glendora (Total)

Approximate Date: 1965

Location: Southern California (Glendora County) _
Owner: Metropolitan Water District of Southern California
Contractor: Shea Co. ’
Machine Manufacturer: None
Shape: Circular
Length: 34,103 LF; Tunnel--32,503 LF; Adid~-1,600 LF
Bore: Tunnel--18'6""; Adid--17'4"
Inside Diametex: Tunnel-~-15'6'"; Adid--14"
Calculated Volumes:
Excavation: 11.25 CY/LF
Excavation: 383,500 CY
Lining: 4.25 CY/LF
Lining: 144,800 CY
Material: Granite (Medium Hard, Medium Blocky)
‘ Quantity
o piber © per Unit Final
Quantity LF " Price Cost
. of Tunnel :
Mobilization s . 133,000 133, 000
Clear, Grub LS ' :
Subtotal 133,000
Drill Pilot Holes . : »
Tunnel Excavation 394,178 ¢y . 11.56 37.70 ‘14,860,511
“Tunnel Enlargement 370 cy ©o.01 60. 00 22,200
Subtotal - : 14,882,711
: : 7,000,000 1bs : .10 700, 000
Steel Sets { 16, 664, 000 Tbs 693. 90 ST 2,002, 400
Rock Bolts . : ’
Timber - 1,196.5 MBM .035 100. 00 119,650
Rock Bolt Shapes : :
'Chain Link Fabric.
Liner Plate
Other
Subtotal ' ‘ 3, 822, 050
Concrete . 1 149,088 cy 4.37 22.00 3,279,936
Cement 258,307 BBL 7.57 . - 3.60 " 929,905
Reinforcing Steel 1,370,853 1b 40.20° .. 155 212,149
Subtotal ‘ 4,421,990
Drill Grout Holes { 6,680 If © o 3.00 20, 040
’ 9,056 1f - 2.50 22,640
Grout Pipe 5,349 1b .70 3,744
Grout Connections 2,589 ea o : 10.00 25,890
Grout O}Jetatlon 256, 068 cf ‘ . 8.00 768,204
' 2,310 cf \ 5.00 - 6,550
.PAMC . 94,352 of 10.34 4.00 377,408
Subtotal 1,224,476
Other Tunnel . 856,445
Tunnel Total 25,340,672
Other Project 525, 656
Total Project 25,866,328 -
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Balboa Inlet

'

Name: . Approximate Date: 1966
Locatlon: S. California (Newhall County)
" Owner: Metropolitan Water Dist. of S. California
Contractor: Dixon, Arundel, MacDonald & Kruse, Kiewit
Machine Manufacturer: None . °
Shape: Circular )
Length: 500 LF'
Bore: 18'4"
Inslde Diameter: 14
Calculated Volumes:
Excavation: 9.78 CY/LF «
Excavation: 48,900 CY (nearest hundred)
Lining:. 4,08 CY/LF
Lining: 20,400 CY
Material: Predominately thinly to thickly interbedded and intertongued gray, tan and
}‘l‘;g'tx; brown sandstone, some mudstone and shale and some pebb}‘e to boulder
' Quantity Unit Price Total
Quantity per Engineer's Average of Low Dollars
S LF Estimate of_ Three Bid Low
: of Tunnel . Lowest Bids Bid
Mobilization LS :
Clear, Grub LS - 18,888 25,000 25,000
Subtotal 25,000
Drill Pilot Holes - .
Tunnel Excavation 50, 000 cy - 10.40 60.05 45.00 2,250,000
Tunnel Enlargement 300 cy .06 - '86. 67 100. 00 30;.000
Other (Rock Refill) 10,000 15, 000 15,000
Subtotal . 2, 2955000
'] Steel Sets 1,500, 000:1b 300. 00 . 117 .13 1955 000
Rock Bolts 3,200.1f .64 2,25 1.50 4,800
Timber 500-MBM|- .10 250,00 550. 00 275; 000
Rock Bolt Shapes - : .
356 3.60 5.40 1,920
Chain Link Fabric { 400dsy 3.70 3. 00 1,200
Liner Plate 72,000:1b 14.40 . 238 .25 18,.000
Other Expansion Bolts
Subtotal . 495,920
Concrete 19, 600 cy 3.92 40.33 '35, 00 6864 000
Cement 32,800 BBl 6.56 4.50 4.00 131, 200
Reinforcing Steel 2, 385, 000:1b 477.00 .153 .18 429,300
Subtotal . 1, 246, 500
Drill Grout Holes 850 If. 3. 67 2.00 1,700
Grout Pipe 300:1b 1.53 - 2.00 © 600
Grout Connection 350.ea. 16.33 10.00 3,500
Grout Operation 19,980 cf 4.00 3.52 - 3.70 74;000
PAMC 600-cf. .12 4,33 4..00 '2; 400
Other : . .
Subtotal 82,200
Other Tunnel . 1__296,850
Tunnel Total 4,441,700
Other Project 27,400
Total Project 4! 468'!870




Name:

Newhall

Location: S. California (Newhall County) Approximate Date: 1966
Owner: Metropolitan Water Dist. of S. California
Contractor: Dixon, Arundel, MacDonald & Kruse, Kiewit
Machine Manufacturer: Calweld
Shape: Circular
Length: - 18,290 LF
Bore: 25'7"
Inside Diameter: 20'6"
Calculated Volumes: . '
Excavatlon: 1918 CY/LF
Excavation: 350,800 CY (nearest hundred)
" Lining: * 6,95 CY/LF '
Lining: 127,100 CY (nearest hundredl) -
Material: Predominately thinly to thickly interbedded and intertongued gray, tan and
" light brown sandstone, some mudstone and shale and some pebb}e to boulder
: coglomerate. Sandstone compressive strength 1,000-3,000 psi.
: . .Quantity Unit Price Total ;
}
Quantity per Engineer's Average of Low - Dollars !
: LF 1 petimate | . Of Three Bid Low
. ' of Tunnel ‘Lowest Bids Bid -
Mobilization 18 g .
300, 000 300, 000 300, 000
1 3 VU ’ ’
Clear, Grub Ls 141, 667 75,000 | ___ 75,000
' Subtotal ) 375, 000
‘.Drill Pilot Holes . o | _
Tunnel Excavation. . | 335,000 cy 18.32 46.92 35.60 | 11,926,000
Tunnel Enlargement 3,000 cy .16 -88.33 120. 00 360, 000
Other (Rock Refill) - 46,667 60,000 60, 000
Subtotal : ' 12, 346,000
Steel Sets 17,000,000 1b 929,47 .115° © .13 2,210,000
Rock Bolts . 8,000 1f 44 2.25 1.50 12,000
Timber - : - 3,000 MBM .16 250,00 550. 00 1, 650, 000
Rock Bolt Shapes . o ; .
; - ‘889 3.60 5.40 - 4,800
in ; _ . .
Chain Link Fabric ) {6, 000 sy | 3. 67 3.00 18,000 |
Liner Plate -~ 800,000 Ib: 43.74 .238 - .25 200, 000
Other Expansion Bolts . '
Subtotal 4 ' 4, 094, 800
Concrete . 100,000 cy 5. 47 38,33 35. 00 3,500, 000
Cement .+ 173,900 BBA» 9.51 4,50 4,00 695, 600
Reinforcing Steel 9,889,000 1b 540. 67 .16 .18 1,780, 020
Subtotal . 5,975, 620
Drill Grout Holes 3,600 1f - 3.50 2.50 ~ 9,000
Grout Pipe 3,000 1b 1,37 1.50 4,500
Grout Connection . 1,500 ea, , 18.00 15.00 22,500
Grout Operation " . 162,000 cf 8.86 3.27 3.70 600, 000
PAMC 9,000 cf .49 4.33 4,00 36,000
Other
Subtotal 672, 000
Other Tunnel 863,700
- Tunnel Total 24,327,120
Other Project 1,977,640
" Total Project 26, 304, 760

b. Assume 150 lbs/cy for Surface Structures.

a. Assume 1.5 BBls/cy for Surface Structures (7,400 cy).
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Names
Loeation:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:
" Bore: ,
Inside Diameter:
Calculated Volumes:

Baiboa- Newhall

8. California (Newhall County)

Metropolitan Water Dist. of S, California

Approximate Date: 1966

Dixon, Arundel, MacDonald & Kruse, Kiewit
Calweld in Newhall

Circular
23,290 LF

Other
Subtotal

Other Tunnel'r,
Tunnel Total

Other Project
Total Project

. 9,600 cf

.. 4,00

Excavation: 17.16 CY/LF
Excavation: 399,700 CY (nearest hundred)
Lining: 6.33 CY/LF
Lining: 147,500 CY (nearest hundred) .
‘Material: Predominately thinly to thickly interbedded and intertongued gray, tan and light
’ brown sandstone, some mudstone and shale and some pebble to boulder conglomerate.
.Sandstone compressive strength 1,000-3,000 psi. _
L Quantity Unit Price Total
Quantity per' Engineer's Average of Low Dollars
_LF Estimate - of Three 'Bid Low
’ of Tunnel Lowest Bids _ Bid
Mohilization 18- .
, , . 318,888 325,000 325, 000
Clear, Grub LS 141, 667 75, 000 75,000
Sub@otal 400, 000
Drill Pilot Holes I _ :
Tunnel Excavation 385, 000 cy 16.53 48,63 © 36,82 14,176,000
Tunnel Enlargement 3,300 .cy . 14 88.15 118,18 390, 000
Other (Rock Refill) .o ' . , 75,000 ‘
Subtotal . A 14,641, 000
Steel Sets 18,500, 000 lb-a 794.33 .115. .13 2,405, 000
Rock Bolts 11,200 If .48 2.25 1.50 16,800
Timber 3,500 MBM .15 250. 00 -550..00 1,925,000
Rock Bolt Shapes ] '
' ' f 1,245 3.60 5.40 6,720
Chaln Link Fabric { 6,400 % 3.67 '8.00 | ° 19,200
Liner Plate ‘ 872,000 b 37.44 .238 .+ 25 218,000
Other Expansion Bolts : 4,590,720
Subtotal
Concrete 119,800 cy ' 5.14 38.66 " 35.00 4,186,000
Cement ) 206, 700 BB% 8.88 4,50 - 4.00 826,800
Reinforcing Steel 12,274,000 1b - 527.01 .16 .18  |_2,209,320
Subtotal - : 7,222,120
Drill Grout Holes 4,450 1f 3.53 2.40 10,700
Grout Pipe 3,300 Ib 1.38 " -1.55 5,100
Grout Connection 1,850 ea. ' . 17.68 14.05 26,000
Grout Operation 181,980 cf 7.82 3.43 3.70 . 674,000
PAMC 4 4.33 38, 400

754, 200

-1,160,550
28,768,590

2, 005, 040
30,773,630

a, Converted to linear feet by assuming 2.5 lba/1f.

b, Cement for Structure (7,400 cy) was assumed to he 1,5 BBl/cy.

¢. Rebar for Structures was assumed to be 150 lbs/cy.
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Name:

Balboa Inlet Approximate Date: 1946

Location: Southern California (Newhall County)
Owner: Metropolitan Water District of Southern California
Contractor: . Dixon, Arundel, MacDonald & Kruse, Kiewit
Machine Manufacturcr: None '
Shape: Round
Length: 5,000 LF
Bore: 18"4"
Inside Diameter: - 14! ,
Calculated Volumcs: )
Excavation: 9.78 CY/LF
‘Excavation: 48,900 CY
Lining: 4.08 CY/LF
- Lining: 20,400 CY . o .
Material: Predominately thinly to thickly interbedded and intertongued gray. tan
' and light brown sandstone, some mudstone and shale and some pebble to
boulder conglomerate. Sandstone compressive strength 1,000-3, 000 psi.
Quantity
per Unit Final
Quantity LF Price Cost
of Tunnel
Mobilization LS g - ' 25,000 25, 000
Clear, Grub ' ’ o -
Subtotal - 25,000
Drill Pilot Holes - '
Tunnel Excavation: ' 49,313 cy . 9.86 45,00, 2,219, 085
Tunnel Enlargement ' -
Other. (Rock Refill) 16,470
Subtotal ) 2,235,555
Steel Sets 1,458,000 lbs 291.60 .13 189,540
Rock Bolts B '
Timber , 502 MBM .10 - 550,00 . 276,100
Rock Bolt Shapes
Chain Link Fabric -
Liner Plate 56,800 1b 11.36 . .25 14,195
Other R
Subtotal 479,835
Concrete - 19,506 cy 3.90 © 35,00 682, 810
Cement » 32,800 BBL 6.56 4.00 107,872
Reinforcing Steel 2,219,842 1b 443.97 .18 - _ 399,572
’ Subtotal _ ’ 1,190,254
Drill Grout Holes 996 If 2.00 1,992
Grout Pipe 4411b . 2.00 882
Grout Connections..” 307 ea 10.00 3,070
Grout Operation 42,511.5 cf 8.50 ..3.70 157,450
PAMC B ‘
Other -
Subtotal 163,394
Other Tunnel 292,016
Total Tunnel ' 4,386, 054
Other Project 24,896
Total Project 4!410!950
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:

Newhall .

Southern California (Newhall County)
Metropolitan Water District of Southern California
Dixon, Arundel, MacDonald & Kruse, Klewit
Calweld

Circular

18,290

257"

20'6"

_'19.18 CY/LF

Approximate Date:

1966

Excavation:
Excavation: 350,800 CY (nearest hundred)
Lining: 6.95 CY/LF
Lining: 127,100 CY (nearest hundred)
Materials Predomlinately thinly to thickly interbedded and intertongued gray, tan
and light brown sandstone, some mudstone and shale and some pebble to
boulder conglomeérate. Sandstone compressive strength 1,000-3,000 psi.
Quantity
Quant per Unit Final
: ity LF Price Cost
: of Tunnel
Mobilization LS | " 300,000 300, 000
Clear, Grub - S 1. 75,000 ° 75,000_‘
~ Subtotal : 375,000
Drill Pilot Holes 323,075 1f 17.66 35.60 11,501,475
Tunnel Excavation .
- Tunnel Enlargement . _ .

Subtotal . L . : 4 . 11,501,475
Steel Sets .| .16,566,000 1bs 905.74 .13 © 2,153,567
Rock Bolts ' . o
Timber . 3,000 MBM .16 . 550.00 1,650,000
Rock Bolt Shapes ' k
Chain Link Fabric 2,371 SY - 3.00 7,113

_Liner Plate 176,000 1b 9.62 " .25 44,000
Other : )

Subtotal _ 3,854,680
Concrete 98,796 cy 5.40 35.00 3,457,860
Cement 156,323 BBL 8.56 4.00 625,292
Retinforcing Steel - 6,695,213 1b 366.06 .18 1,205,138

Subtotal . 5, 288l 290
Drill Grout Holes 2,251 If 2.50 5,628
Grout Pipe 3,412 1b 1.50 5,118
Grout Connpecttons 1,052 ea - 15.00 - 15,780
Grout Operation . - 172,800 cf 9.99 3.70 640, 000
PAMC - e ‘16,980 cf .93 4.00 67,920
Other _ ‘ -

Subtotal — 734, 446
Other Tunnel R

Tunnel Total 21,753,891
Other Project ' 1,083,845

Total Project 22,837,736




Name:
Location:
Owncer:
Contractor:

Machine Mnnufactux er:.

Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:

Balboa-Newhall Approximate Date: 1966
Southern Californfa (Newhall County)

Metropolitan Water District of Southern California

Dixon, Arundel, MacDonald & Kruse Kiewit

Calweld in Newhall

Circular

23,290 LF

Excavation: 17.16 CY/LF
Excavation: 399,700 CY (nearest hundred)
Lining: 6.33 CY/LF
Lining: 147,500 CY (ncarest hundred)
Material: . Predominately thinly to thickly interhedded and mtertongued gray, tan
and light brown sandstone, some mudstone and shale and some pebble to
. boulder conglomerate, Sandstone compressive strength 1,000-3,000 psi.
. Quantity ) _
. per - Unit . Final
Quantity LF Price | Cost
of Tunnel
Mobilization LS , - 325,000 325,000
Clear, Grub LS : 75,000

Subtotal ; 400, 000 ‘
Drill Pilot Holes . . ’
Tunnel Excavation 372,388 cy 15.99 . 36.84 13,720,560
Tunnel Enlargement - - : :

Other (Rock Refill) 16,470,

Subtotal 13,737,030
Steel Sets 18,024,000 Ibs 773.89 .13 2,343,107
Rock Bolts . i _ ) i
Timber , 3,502 MBM .15 550.00 | - 1,926,100
Rock Bolt Shapes i
Chain Link Fabric 2,371 sy SRR | 3.00 7,113
Liner Plate 232,800 1b 10.00 .25 58,195
Other :

Subtotal o 4,334,515
Concrete 118,302 cy © 5.08 35.00 - 4,140,670
Cement 189,123 BBL 8.12 4.00 733, 164
Reinforeing Steel 8,915,055 1b - 382.78 .18 1,604,710

Subtotal ' L ' 6,478,544
Drill Grout Holes 3,247 If 2.35 7,620
Grout Pipe .. 3,853 1b 1.56 6,000
Grout Connections 1,359 ea 13.87 | 18,850
Grout Opecration 225,311.5 cf 9:67 o 3.70 797,450
‘PAMC 16,980 cf .73 4,00 67,920
Other

‘Subtotal 897, 840
Other Tunncl ) 292,016

Tunnel Total 26,139,945
Other Project 1,108,741

Total Proje(_:t. - 27!248!68§
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Name: .
Location: - S
Owner: " ’
Contractor:

Machine Manufacturer:-

Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes::

Saugus, Placerita, Newhall Siphon
S. California (Los Angeles County)

Metropolitan Water Dist. of

Delaware Corp.

MEMCO
Circular
9582 LLF
25'8"
20'6" .

Approximate Date: 1966

S. California

Excavation: 19.18 CY/LF
Excavation: 183,800 CY (nearest hundred)
. Lining: 6.95 CY/LF
Lining: 86,600 CY (nearest hundred)
Material: Saugus formation, brown:and tan sandstone conglomerate, greenish-gray
sandstone and reddish-brown slltstone, Mainly non-marine origin.
‘ " Quantity Unit Price Total
Quantity - per Engineer's Average of . Low Dollars
‘ LF Estimate of Three Bld Low
of Tunnel Lowest Bids Bid
Mobilization 18 300,000 " { 300,000 '300; 000
Clear, Grub- LS 35,333 100, 000 1004000

Subtotal . 400, 000
Drill Pilot Holes . . ) .

Tunnel Excavation 145, 000 cy 15.13 21. 67 - 27.00 3,915,000
Tunnel Enlargement
Subtotal 3,915,000

-} Steel Sets 6,800,000 Ib 709,66 . 165 .125 8504000
Rock Bolts i
Timber
Rock Bolt Shapes : »
Chain Link Fabric 45, 000 sy ) .72 .60 1 27,000°
Liner Plate 1,140,000 1b 118,97 .184 .08 91,200
Other Expansion Bolts ' . ’ '

Subtotal , 9683200
Concrete 46,000 cy 4,80 37.50 32.50 | 1,4955000
Cement 68,800 BB& 7.18 | 4,62 5.00 - 344,000
Reinforcing Steel 386,500 b 46.34 .145 .13 50,245

Subtotal , 1,889,245
Drill Grout Holes 2,540 1f 3.83 © 5.00 12,700
Grout Pipe 2,100 1b. 1.03 . 1.00 2,100
Grout Connection 830 ea. ) 10,00 12.00 9,960
Grout Operation 18,900 cf 1.97 2.90 2.41 - 45,500
PAMC 67,000 cf 6.99 2,52 © 4.00 268,000
Other ‘ o

" Subtotal 338,260
Other Tunnel : 7,520,240

Tunnel Total 15,030,945
Other Project - 2,059, 375

Total Project '

7,050,320

a. Assume 1.5 BBl/cy for Surface Structures and cast-in-place pipe (18470 cy).

b, Assume 150 lbs/cy for Surface Structures and cast-in-place pipe.
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" Name: Castaic #1,-#2 . Approximate Date: 1966
Location: S.. California (Los Angeles County) :
Owner: Metropolitan Water Dist. of S. California )
Contractor: Delaware Corp.
Machine Manufacturer: @ MEMCO
Shape: Circular
Length: -18,503 LF
Bore: .25'8"
Inside Diameter: 20'6"
Calculated Volumes:
Excavation: 19.8 CY/LF
Excavatlon: 354,900 CY (nearest hundred)
Lining: . 6,95 CY/LF
Lining: 128,600 CY (nearest hundred)
Material: . Castaic'and Saugus formation tan and brown sandstone, tan siltstone and
clay stone, marine and non-marine origin. * o
Quantity Unit Price Total ¢
per ' Average of Dollars |
~ Quantity LF Egg:?;‘z: of Three I];c;:jv Low g
of Tunnel . Lowest Bids Bid
Mobilization 1S '300,000 | 300,000 300, 000
Clear, Grub LS 56,333 160, 000 160,000} -
Subtotal : 460, 000
Drill Pilot Holes ) o
Tunnel Excavation 341,000 cy 18.43 18.50 " 21,00 7,161,000
“Tunnel Enlargement -
Subtotal 7,161,000
Steel Sets 16,'200, 000 b 875.53 . 165 T .125 2,025,000
Rock Bolts ) ’
Timber
Rock Bolt Shapes ‘ .
. Chain Link Fabric 121,000 sy .72 .60 - - 72,600
Liner Plate . ’
Other Expansion Bolts
Subtotal o ) 2,097, 600
Conerete 106,700 cy 5.77 - 29,83 27.50 2,934, 250
Cement 160,350 BB% 8. 67 5 4.62 5.00 801, 750
Reinforeing Steel 11,035, 000 1b 596. 39 .145 .13 | 1,434,550
Subtotal . : 5,170, 550
Drill Grout Holes - 3,500 1f 3.83 5.00 - 17,500
Grout Pipe 4,500 1b 1.03 1.00 4,500
| Grout Connection ‘1, 320 ea. C 9.00 12,00 15, 840
Grout Operation . 745,900 cf 2,48 2,90 2.41 110,500
"PAMC . 182,000 cf 9.84 2,52 4.00 728, 000
Other
Subtotal 876, 340
Other Tunnel 1,336,310
Tunnel Total 17,101, 800
Other Project , 479, 400
Total Project 17,572, 200

a. Assume 15 BBL/CY In Surface Structures (1,100 CY) '
h. Assume 150 1bs/cy in Surface Structures
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Name: Castaic #1, #2, Saugus, Placerita, Newhall Siphon (Total) Approximate Date: 1966

Location: - “ S. Californta (Los Angeles County)
Owner: Metropolitan Water Dist. of S. Cal.
‘Contractor: Delaware Corp.
Machine Manufacturer: MEMCO )
Shape: Circular
Length: 28,085 LF .
Bore: 25'8"
Inside Diameter: 206"
Calculated Volumes:
Excavation: . 19,18 CY/LF
Excavation: 538,700 CY (nearest hundred)
Lining: 6.95 CY/LF ‘
Lining: 195, 200 CY (nearest hundred)
Materlal; See previous sheets.
Quantity Unit Price - Total ¢
Quantity - per Englneer's | Averageof | - Low Dollars
LF Estimate of Three Bid
of Tunnel Lowest Bids '
Mobilization - LS - . 600,000 - | " 600,000
Clear, Grub =~ , 1S _ ' 91,667 260, 000
~ Subtotal ' : ~
Drill Pilot Holes . , ,
Tunnel Excavation 486,000 cy 17.34 ' ' ’ 11,076,000
Tunnel Enlargement : : : i , ‘
Subtotal ' o - B < 11,076, 000}
Steel Sets ~ |23,000,000 1b 818.94 1 ..185 . ;125 | 22875, 000
Rock Bolts " '
Timber
"Rock Bolt Shapes . : . .
Chain Link Fabric 166, 000 sy e : S W12 .60 99,600
Liner Plate -1,140,000 1b 40. 59 . 184 .08 91, 200
Other Expansion Bolts B ) ‘
Subtotal . 3,065,800
Concrete . 152,700 cy 5.44 R 4,429,250
Cement . 229,150 BBl 8.16 . 4.62 5.00 1,145,750
Reinforcing Steel 11,421,500 1b 406, 68 . 145 ' .13 1,484,795
Subtotal : 3 ) ' 7,059,795
Drill Grout Holes 6,0401f ~ | . : '3.83 . 5.00 | . 30, 200
Grout Pipe ' 6,6001b : 1.03 1.00 ) 6,600/
Grout Connection 2,150 ea. 9,39 . 12,00 25,800
Grout Operation 64,800 cf 2.31 o 2.90 2.41 | 156,000
PAMC - 249,000 cf - " 8.87 ‘ 2.52 . 4,00 996, 000
Other _ - : .
Subtotal : .. | 1,214,600
Other Tunnel - i : . : - 8,856,550
Tunnel Total . : 32,132,745
Other Project ‘ , : 2,529,775
Total Project : o . ) 34,662,520

a. Assume 1.5 BBl/cy for Structures and Cast-in-place pipe (19570 cy).
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Name: San Fernando Approximate Date: 1969
Location: S. California (Los Angeles County) :
Owner: . Metropolitan Water Dist. of S. Cal.
Contractor: - Lockheed Shipbuilding and Construction Co.
Machine Manufacturer: Robbins
Shape: Circular
Length: 28,825 LF
Bore: - 21'10"
Inside Dlameter: 18!
Calculated Volumes:
. Excavation: 13.87 CY/LF
Excavatlon: * 399,800 CY (nearest hundred)
Lining: 4.44 CY/LF
Lining: 128,000 CY (nearest hundred)
Materlal: Approximately 50 percent old alluvium, soft to firm, dry to wet,
“and 50 percent dry to set sandstone and conglomerate.
Quantity Unit Price Total
Quantity T; - Engineer's Average of Low Dollars ,
" Estimate | of Three Bid Low 3
of Tunnel | Lowest Bids Bid ’
Mobilization LS 500, 000 500, 000 500, 000 ©
Clear, Grub LS
Subtotal . 500, 000
Drill Pilot Holes ) .
Tunnel Excavation 11,430 1f - 328.00 260,00 2,971,800
17,395 If 367.00 320,00 5,566,400
Tunnel Enlargement -
Subtotal 8,538,400
11,430 If ‘143. 00 170.00 1,943,100
Steel Sets { 17,395 1f 180. 00 210.00 | 3,652,950
Rock Bolts ’ :
Timber .
Rock Bolt Shapes
Chain Link Fabric
_ Liner Plate
. Other Expansion BouaT
Subtotal . 5,596, 050
Concrete- 28,825 If 77.00 70.00 2,017,750
Cement o
Reinforcing Steel 2,100,000 Ib 72,85 .133 .14 294, 000
Subtotal ' 2,311,750
Drill Grout Holes ) 3,600 1f 2. 67 4,00 14,400
" Grout Pipe 4,500 1b 2. 67 1.00 4,500
Grout Connection 1,400 ea, : 13.33 10. 00 14,000
-] Grout Operation 189,000 cf 6.56 1.60 - 2,22 420, 000,
" PAMC '
Other
Subtotal 452, 900
Other Tunnel 236, 000
Tunnel Total 17,634,900
Other Project 1,711,900
Total Project 19, 346, 800
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Name:

Locatlion:

Owner:

Contractor:

Machine Manufacturer:
Shape: :
Length:

Bore:

Inside Diameter:
Calculated Volumes:

Castaic Dam Diversion

8. California (Los Angeles County)
Metro. Water District

Approximate Date: 1964

Kiewit Co.

None

Circular

3,598 LF 1,950 LF 1,648 LF
33'6" 23'10"
25 19!

25.27 CY/LF

Excavation:
Excavation: 90,900 CY (nearest hundred)
Lining: 10.80 CY/LF
Lining: 38,100 CY (nearest hundred)
Material: Interbedded shales, stltstones and sandstone layers of fractlons of inch to
8 feet thick, sandstone weakly cemented and subject to sliding.
- Quantity Unit Price Total
: per 1. | - Average of : Dollars
Quantity LF Eggt?:;i: of Three I;;;: Low
of Tunnel . ‘Lowest Bids . Bid
Mobilization is 1,415,000 466, 667 ) 50, 000 50, 000
Clear, Grub . IS 10,000 5,833 5,500 . 5,500
Subtotal A _ 155,500
Drill Pilot Holes 1,000 1f .27 12. 60 12,67 12.°00 12,000
Tunnel Excavation 94,100 cy 26,15 16.50 28.40 25,20 |2,371,320
Tunnel Enlargement - .
Subtotal A A 2, 383,320
Steel Sets 3,210,000 1b 892,16 .25 .25 .35 1, 123, 500
Rock Bolts . ’ _— . ’
Timber 470 MBM .13 400, 00 283. 00 300,00 141, 000
Rock Bolt Shapes ’ -
Chain Link Fabric
Liner Plate
Other Expansion Bolts . )
Subtotal A 1, 264, 500
Concrete 36,215cy 10. 07 37.00 38,00 42,00 1,521,030
Cement 47,400.BR] 13.17 5.00 4.50 . 4.50 213,300 -
Reinforeing Steel 594,500 1p° 165.23 .15 .143 15 89,175
. Subtotal ’ 1, 823, 505.
{7,000 1f 4,15 4.43 4.80 33,600
Drill Grout Holes 360 If 3.85 4.58 4.25 *1,530
1,080 If 4.75 4,67 4.50° < 4,860
Grout Pipe 11,200 1b 1.00 .73 . 60 : 6,720
‘| Grout Connection 1,100 ea. 25,00 18.33 12.00 13,200
Grout Operation 4,000 cf - 1.11 3.50 5.50 © 8,580 34,000
PAMC
Other
Subtotal 93,910
Other Tunnel —___ 0
Tunnel Total 5,620,735
Other-Project 2,960,205
Total Project 8,580,940

a, Assume 1.5 BBl/cy for surface structures,
b. Assume 150 lbs/cy for surface structures.
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Name:
Location:
owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore: -

Inside Diameter:
Calculated Volumes:

Castale Dam Diversion Approximate Date: 1967
S. Callfornia (Los Angeles County) '
Metro. Water District’

Klewit Co.

None

Circular

3,598 LF 1,950 LF 1,648 LF
33'6" 23'10"
25' 19!

Exeavation: 25,27 CY/LF
Excavation: 90,900 CY (nearest hundred)
Lining: 10.60 CY/LF
Lining: 38,100 CY (nearest hundred) :
Material: Interbedded shales, siltstones and sandstone layers of fractions of inch
to 8 feet thick, sandstone weakly cemented and subject to sliding.
Quantity
‘ per . Unit Final
Quantity LF Price Cost
of Tunnel ' ,
Mobilization LS 50, 000 50,000
Clear, Grub LS 5,500 5,500
Subtotal 55,500
Drill Pilot Holes 1,000 Lf .28 12.00 12,000
Tunnel Excavation 96,115 cy . 26.71 25.20 2,422,098
Tunnel Enlargement : :
Subtotal ’ , , 2,434,098
Steel Sets 11,167,649 lbs 3,103.85 .35 3,908,677
Rock Bolts : . :
Timber 726 MBM .20 300.00 217,809
Rock Bolt Shapes
Chain Link Fabric
Liner Plate o
Other Expansion Bolts
Subtotal 4,126,486
Concrete 37,906 cy a 10.54 42,00 1,592,047
Cement 65,571 Bgl 18.22 4.50 295, 071
Relnforcing Steel 594,500 1b 165.23 - .15 . 89,175
Subtotal : 1,976,293
. S 7,000 If ' 4., 80 33,600
Drill Grout Holes - { 360 If 4.25 1,530
1,080 1f _ 4,50 4, 860
Grout Plpe. 11,200 Ib .60 6,720
Grout Connection 1,100 ea 12.00 13, 200
Grout Operation 4,000 cf - 1.11 8.50 34,000
PAMC NA . NA 44,519
[Other - -
Subtotal 138,429
Other Tunnel ' 0
Tunnel Total 8,730,806
bther Project 2,960,205
Total Project. 11,691,011

a. Assume 1.5 BBl/ éy for surface structures.
b. Assume 150 lbs/cy for surface structures,

NA = Not Avaﬂnble.
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Names-

Location: .

Owner:

Contractor:

Machine Manufacturer:
. Shape:

Length:

Bore:

Inslde Diameter:

Calculdated Volumes:

Carley V. Porter

8. Californla (Kern County)

California Dept. of Water Resources

Dravo, Atkinson, Groves

None
Circular
26,080 LF
244"

20

Approximate Date: 1965

Excavation: 17.43 CY/LF
Excavatlon: 432,100 CY (nearest hundred)
Lining: 5.59 CY/LF
Lining: 140,200 CY (nearest hundred)
Material: nghly fractured to crushed igenous and metamorphlc rocks of the Garlock Fault,
] deeply weathered to altered granite and soft moderately indurated claystones
and gravelly mudstones,
Quantity Unit Price Total f'
Quantlty per Englneer's Average of Low Dollars
LF Estlmate of Three Bld Low
of Tunnel Lowest Bids Bid
Mobilization IS ' 1,000,000 1, 000, 000{ 1,000,000
Clear, Grub - LS 126,667 - 20,000 20, 000
Subtotal » . R 1,020,000
Drill Pflot Holes 500 1f .02 25,00 35.00 30.00 15,000
. Tunnel Excavation 436, 000 cy 17.34 48,00 49,17 38, 00l16, 530, 000
Tunnel Enlargement o )
- Subtotal 16, 545, 000
a 24,800, 000 1b 988.84 .41 16. 33 %, 250,000
Steel Bets {29,000,000' 1156. 30 .35 .25
Rock Bolts ' : .
Timber 4,000 MBM’ .16 500,00 .- 357.00 300. 00{1,200, 000
Rock Bolt Shapes -
Chain Link Fabric
Liner Plate
Other Expansion Bolt ]

Subtotal g,450, 000
Concrete 127,000 cy 5.086 46,00 56,33 45, 00{ 5,715,000
Cement 140,000 BBl 5.561 5,00 5.00 5.00 700,000
Reinforcing Steel 1,740,000 Ib 69.38. .25 .17 .15 261,000
Other Pozzolan ‘ - 126, 000

Subtotal 6,802,000
Drill Grout Holes
Grout Pipe

Grout Connection
Grout Operation =
PAMC
Other

Subtotal

Other Tunnel
Tunnel Total

Other Project
Total Project

B2, 817, 000

|_971,800
83,788,800

] N

a. Option on two sizes of Steel Sets.
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Name:

Location:

Owner:

Contractor:

Machine Manufacturer:
Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:

Carley V.. Porter

S. California (Kern County)
California Department of Water Resources’
Dravo, Atkinson, Groves

None

Circular

25,080

24'4"

20!

Approximate Date: 1965

Excavation: 17.23 CY/LF
Excavation: 432,100 CY (nearest hundred)
Lining: 5.59 CY/L¥
Lining: 140,200 (nearest hundred)
Material: Highly fractured to crushed igenous and metamorphic rocks of the
Garlock Fault, deeply weathered to altered granite and soft moderately
{ndurated claystones and gravelly mudstones.
. Quantity ) -
" per Unit Final
Quantity . LF Price Cost
' _of Tunnel
Mobilization LS ' 1,000, 000 1,000, 060
| Clear, Grub . LS ‘ 20,000 20, 000

Subtotal ) ' 1,020,000
Drill Pilot Holes 500 If .02 - 30.00 | 15,000
Tunnel Excavation 435,000 cy 17.34 | 38.00 16,530,000
Tunnel Enlargement '

Subtotal 16, 545, 000
Steel Sets 29,000, 000 lbs 1,156,30 - .25 7,250,000
Rock Bolts . g 4
Timber 4,000 MBM .16 ~. 300.00 1,200,000
Rock Bolt Shapes . :
Chain Link Fabric
Liner Plate -

Other Expansion Bolts

" . Subtotal ] 8,450,000
Concrete ‘ 141,061 cy 5.62 45,00 6,347,765
Cement ' - 165,085 BBI 6.58 5.00 825,428
Relnforcing Steel . 1,740,000 1b 69.36 .17, 261,000
Other (Pozzolan): o ' ’ . 126,000

‘Subtotal 7,560,193
Drill Grout Holes
Grout Pipe
Grout Connection - .

Grout Operation.
PAMC '
Other
- Subtotal
Other Tunnel i . 782,297

Tunnel Total 34,357,490
Other Project: 971, 800

Total Project 35,329,290




- ~—

Name: Angeles Approximate Date: 1966
Location: - S. California (Los Angeles County)
. Owner: : California Department of Water Resources
Contractor: Shea, Kalser, Lockheed, Healy
Machine Manufacturer: None
Shape: Circular -
Length: 37,774 LF
Bore: 35'6"
Inside Diameter: - 30!
Calculated Volumes:
Excavation: 36.67 CY/LF
Excavation: " 1,385,200 CY (nearest hundred)
Lining: 10,48 CY/LF
Lining: 395,900 CY (nearest hundred)
Materlal: Interbedded sandstone, siltstone, and shale. Compressive strength
4,000 to 7,000 psi.
o Quantity Unit Price " Total
i per . Average of Dollars
Quantlty Lp | Enelneer's) Coimree | oW | Trgy
) of Tunnel - Lowest Bids Bid
Mobilization LS 5,000,000 3,000,000 3,000,000 3,000,000
Clear, Grub- LS - 34,700 739,633 2,000,000} 2,000,000
Subtotal ) : ' , 5,000; 000
Drill Pilot Holes : ~ 10,000 Lf .26 13.65 7.67 3.00 . 30,000
Tunnel Excavation 1,396,000 cy 36.96 17.00 23.61 27.95 | 39,018, 200
Tunnel Enlargement ‘ . .
Subtotal 39,048, 200
Steel Sets 35,842,000 b 948, 85 25 .23 .253 8,960,500
Rock Bolts 511,000 If 13.53 3.00 1.18 1.75 894, 250
Tlmber 7,000 MBM .19 325.00 142,00 150.00{ 1,050,000
Rock Bolt Shapes - : : '
Chain Link Fabric 71,000 sy 4.65 3.03 2.00 142,000
Liner Plate ‘ S
Other Expansion Bolts -
Subtotal 11, 046, 750
Concrete 406,000 cy 10.75 . 28.00 30.33 15.00| 6,090,000
Cement i 565,000 BBL : 4,75 4.48 4.50{ 2,542,500
Reinforcing Steel " 640,000 1b 16. 94 2 .218 T .25 160 000
Subtotal ) 8, 792, 500
120,000 If 4,35 3.67 4.00 . 48, 000
70,000 - 4.35 3.83 3.001{ . 210,000
Drill Grout Holes . 60,000 ° 4.35 4.57 3.20! 192,000
20,000 3.75 2.40 3.20 64, 000
Grout Pipe : 280,000 (b - 1.35 1.00 1.00| = 286,000
Grout Connection 35,000 ea ] 27.00) 13.00 12.60] 420,000
Grout Operation 85,600 of 2.25 3.45 5.77 5.50 467,500
PAMC 639,000 af .65 .68 1.00 639,000
Other (Grout Sand) S ' 47,500 |
Subtotal 2, 800, 000
Other Tunnel 10, 800, 620
Tunnel Total ] 77,488,070
Other Project 17,551,580
Total Project

95,039, 650
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Name: San Bernardino Approximate Date: 1967
Location: + 8. California (San Bernardino County)
Ownerx: California Department of Water Resources
Contractor: Shea Co. ’
Machine Manufacturer: None
Shape: Cirecular
Length: 20,123 LF
Bore: 16'6"
Inside Diameter: 12'9"
Calculated Volumes:

Excavation: 7.92.CY/LF

Excavation: 159, 400 CY (nearest hundred)

Lining: ' 3.19 CY/LF

Lining: 64,200 CY (nearest hundred)
Material: . Granitic and gnelssic basement rock including some marble.

Quantity A
per Unit Final
Quantity LF " Price Cost
of Tunnel ‘ )
Mobtlization - - LS : ' 582, 536 582, 536
LS 867,885 867,885

Clear, Grub { LS . - 462,305 462, 305

Subtotal - ' 1,912,726
Drill Pilot Holes 2,000 if . 099 .. 20.00 40,000
Tunnel Excavation 160, 182 cy " 7.96 51.35 8,225,338
Tunnel Enlargement .

Subtotal 8,265,338
Steel Sets -11, 890,540 lbs - 591,11 .38 4,518,405
Rock Bolts 27 If .001 1.50 405
Timber , 1,500 MBM 075 400.00 600,000
Rock Bolt Shapes. ’ . .
Chain Link Fabric 314,778 sy ) ) .72 25,040
Liner Plate ' .

Other Expansion Bolts

Subtotal 5,143, 850
Concrete 49,360 cy a 2.45 15.00 740,400
Cement . 94,458 BBl 4.96 4.00 377,832
Reinforcing Steel 310,000 Ib 15.41 .15 46, 500

Subtotal 1 1,164,732

2,000 Lf . .~ 20.00 40,000

Driil Grout Holes { 16,200 I : 0 12.00 194, 400
Grout Plipe 30,000 ib 1.00 30,000
Grout Connection 740 ea - - 30.00 22,200
: - § 44,000 cf 2.19 2.50 110, 000
Grout Operatlon { £0,000cf | . 1.99 2.50 100, 000
PAMC 2,700 cf .13 5.56 15,000
Other { Grout Sand 50, 000
Fahric 460

Subtotal. 562,060
Other Tunnel 252,000

Tunnel Total 17,300, 706
Other Project. 6,638, 930

Total Project 23,939,636

a. .Assumé 1.5 BBl/cy for surface structure (10, 650 cy).
b. Assume small relnfqrclng steel in Tunnel Surge Chamber and Surge Chamber (6, 800 cy)

has 150 Ibs/cy.
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Name:

San Bernardino

Approximate Date: 1967

Location: S. Californla (San Bernardino County)
Owner: California Department of Water Resources
Contractor: Shea Co.
Machine Manufacturer: None
Shape: Clrcular
Length: "20,123 LF
Bore: 18'¢"
Inside Dlameter: 12'9"
Calculated Volumes: :
Excavatlon: 7.92 CY/LF :
Excavation: 159,400 CY (nearest hundred)
Lining: - 3.19 CY/LF
Lining: 84,200 CY (nearest hundred)
Material: Granitlc and gnelssic basement rock Including some marble.
_ Quantity Unit Price Total
S er : Average of : Dollars
Quantty | Ty | Englneer's) o | Lew | T
: of Tunnel SHMate | Lowest Bids Bid
Mobilization LS 1,000,000 | 860,845 582,536 . 582,536
Clear, Grub { LS 194,500 ; 896,295 867, 885 867, 885
LS . 40, 200 244,102 462,305 462,305
Subtotal : ' : 1,912,726
Drill Pilot Holtes 2,000 if . 099 22,00 26.33 20.00 40,000
Tuqnel Excavation 166, 000 ey 8.25 30.00 .~ 46.45 51.35| 8,524,100
Tunnel Enlargement '
Subtotal = _8,564,100
Steel Sets 2,620,000 1b 130. 20 .30 .44 .38 995, 600
Rock Bolts 104,000 1f - 5.17 2.85 3.17 . 1.50] 156,000
Timber 1,500 MBM . 075 485.00] 367.00 400. 00} 600,000
Rock Bolt Shapes o '
Chain Link Fabric- 34,178 sy 3.60 3.99 .72 25,040
Liner Plate
Other Expansion Bolts|
Subtotal i 1,776,640
Concrete 71, 000 cy 3.53 ° 43.50 39.67 15.00| 1,065,000
Cement 97,000 BBl 4.82 4.90 4.43 4.00 388,000
Reinforcing Steel 310,000 1b 15,41 ©.18 177 .15 46, 500
Subtotal , 1,499,500
2,000 1 22.00 26.33 20.00 40,000
: 12,000.1f 4.50 9.33 12.00{ = 144,000
Driil Grout Holes 900 if 6.00 10.33 12.00] 10,800
3,300 If 7.00 11.33 12,00 39,600
Grout Plpe 30,000 1b 1.35 1,07 1.00 © 30,000
Grout Connection 740 ea 25.00 48.00 - 30.00 22,200
44,000 cf 2.19 4.40 7.17 2.50 110,000
Grout Operation { 40,000 cf 1.99 4.40 12.17 2.50| 100,000
PAMC 2,700 cf 1.63 2.41 5.56 15,000
Other Grout Sand - ' 50,000
Fabric 460
Subtotal 562, 060
Other Tunnel |_ 252,000
Tunnel Total 14,567,025
Other Project | 6,638,930
Total Project" 21,205, 956

a. Assume 1.5 BBL/CY for Surface Structures (10,650 CY).
b. Assume Small Rebar in Tunne! Dollar Surge Chamber and Surge Chamber (6,800 CY) has 150 lbs/cy.
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Name:
Location:
Owner:

, Contractor:

Machine Manufacturer‘:A

Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:

Tehachapi #1, #2, #3 - Approximate Date: 1966
S. California (Kern County)

California Department of Water Resources

Granite, Gates and Fox, Bell

None

Circular

' 16,052 LF

28'10"
23'¢"

Excavation: 24,19 CY/LF
Excavation: ~ 388,300 CY (nearest hundred)
Lining: 8.12 CY/LF '
Lining: 130,300 CY (nearest hundred)
_ Materlal: Moderately blocky and seamy schists.
S Quantity | - Unit Price Total
Quantity per Engineer's Average of Low Dollars
~ : . LF Estimate | _Of Tbree Bid Low
of Tunnel Lowest Bids ! Bid
. Mobllization LS "~ 3,000,000 - | 2,500,000 | 3,000,000{ 3,000,000
: : 109,000 209, 333 253,000 253,000
Clear, Grub s _ { 138, 000 783,333 300, 000 300, 000
Subtotal ' 3,553, 000
* Drill Pllot Holes’ _ | E :
Tunnel Excavation 405,000 cy 25.23 T 20.50 24.75 24.24| 9,821,250
Tunnel Enlargement : : - ' :
Subtotal . _ . 9,821,250
Steel Sets- 19,700,000 b | 1,227.26 | 23 .8 | .15| 2,955,000
Rock Bolts 59,000 If | 326, 2.25{ . 12,87 3.50 206, 500
Timber /1,800 MB .1 380.00] 317,00 400. 00 720. 000
- Rock Bolt Shapes ' ' ' .
Chain Link Fabric 35,899 sy 2.70, - 8.25 9.00 123,000
Liner Plate : ’
Other (Welded Wire - .
Fabric) ) 7,700{
Subtotal _ 4,012,200
. Concrete 148,000 cy 9.22 |  36.00 35.67 40,00 | 5,920,000
. Cement 196,000 BBl 12,21 5.00 '4.75 5.00 980, 000
" Reinforcing Steel 2,140,000 Ib - 133.32 .16 .16 .14 299, 600
Subtotal ) o , ' v 7,201, 600
_ Drill Grout Holes 35,0001 | ©4.70 - 3.13 5.50 | 192,500
Grout Pipe 25,400 (b - 1.25 X 1,00 25,400
Grout Connection '2,300.ea ‘ . 2L00f - 18.67 11.00 25,300
Grout Operation. 20,000 cf 1,25 .5.25 . © 4,42 3.25 65, 000
PAMC ) - Lo
Other ,
Subtotal 308, 200
Other Tunnel S
Tunnel Total 24,896, 250
Other Project . 4,498,398
Total Project 29,394, 648




‘Name: Tehachapl #1, #2, #3 Approximate Date: 1966
Location: Southern California (Kern County)
Owner: California Department of Water Resources
Contractor: Granite, Gates & Fox, Bell |
Machine Manufacturer: None
Shape: Clircular
Length: 16,052 LF
Bore: 28'10"
Inside Diameter: 23'6"
Calculated Volumes: _

Excavation: 24.19 CY/LF

Excavation: 388,300 CY (nearest hundred) .

Lining: 8.12 CY/LF _

Lining: 130,300 CY (nearest hundred)
Material: ‘Moderately blocky and seamy schists.

Quantity A
' per Unit Final
Quantity LF Price Cost
"~ of Tunnel
Mobilization. LS : 3,000, 000 3,000,000
g : : © 253,000 253,000

Clear, Grub LS { 300, 000 300, 000

Subtotal : 3,553,000
Drill Pilot Holes .

Tunnel Excavation 404,704 cy 25.21 . 24,25 9,814,080
Tunnel Enlargement Lo : :

Subtotal , _ _ 9,814,080
Steel Sets 11,920,693 1bs 742.63 . ) .15 1,788,104
Rock Bolts, 26,550 If 1.65 3.50" ‘92,925
Timber . 2,748.17 MBI\@ 17 . 400,00 1,099,475
Rock Bolt Shapes ' .

Chain Link Fabric 1,742 sy 15,676
Liner Plate .
Other Expansion Bolts i 7,700

Subtotal . 3,003,880
Concrete 146,879 cy 9.15 40.00 5,875,159
|cement 226,562 BBL 14,11 . 5.00 1,132,811
Relinforcing Steel 2,140,000 1b 133.32 .14 299, 600 -

Subtotal : ' 7,307,570
Drill Grout Holes 35,000 If 5.50 192, 500
Grout Pipe . 25,400 b 1. 00 25,400
Grout Connections 2,300 ea 11.00 25,300
Grout Operation 20,000 cf 1.25 . - 3.25 65, 000
[PAMC NA 4 . NA 723, 805

her .

Subtotal 1,032, dos

Dther Tunnel .0

) Tunnel Total 24,710,535
Other Project 4,498,398
Total Project 2912081933
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Name: Water Hollow Approximate Date: 1967
Location: Utah (Duchesne County) o
Owner: Bureau of Reclamation
Contractor: Boyles Brothers, Gibbons & Reed
Machine Manufacturcr:  Robbins :
Shape: : Circular
. Length: 21,582 LF
Bore: 12's"
Inside Diamcter: 104"
Calculated Volumes:
Excavation: 4.67 CY/LF
Excavation: 100,800 CY (nearest hundred)
Lining: 1.56 CY/LF
Lining: 33,700 CY (nearest hundred)
Material: Sandstone, Siltstone
Quantity Unit Price Total
per 1. | Average of Dollars
Quantity LF E;Sg:&i ::es Three Low~ I;:jv Low
_ of Tunnel : est Bids _ Bid
Mobilization LS
Clear, Grub LS _
Drill Pilot Holes 4,300 1f .20 2.00 1.62 1.62 6,966
Tunnel Excavation 96,400 cy 4.47 36.00 34.84 31.12 [ 2,999,968
Tunnel Enlargement ) ]
Subtotal 3,006,934
Steel Sets 600,0001b | 27.80 .30 . .30 .30 | 180,000
Rock Bolts - 90,000 If 4,17 2.00 - 2,00 2.00 | 180,000
Timber . o :
Rock Bolt Shapes - 150,000 Ib .40 .40 .40 60,000
Chain Link Fabric 500 sy 4.75 4.75 4.75 . 2,375
. Liner Plate '
Other Expansion Bolts 1,000
. Subtotal 423,375
 Concrete 30,000 cy 1.39 54,00 45.10 45.30°| 1,359,000
- . 40,700 BBl 1.89 6.30 5.89 . 6.37 259,259
Cement { 5,7008 .26 7,30 7.54 | 11.31| 64,467
Reinforcing Steel 22,000 Ib 1.02 .19 .24 .26 |_ 5,720 -
Subtotal : i ) ’ ) 1,688,446
Drill Grout Holes
Grout Pipe '
Grout Connection
Grout Operation . : .
PAMC ‘ 35,000 cf 1.62 © 3.00 3.00 3.00 105, 000
Other - : :
Subtotal 105,000
Other Tunnel oo , 0
Tunnel Total .- - 5,223,755
Other Project . 371,073
Total Project 5,594,828

a. Cement for PAMC :
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Name: Azotea Approximate Date: 1964
Locations Colordado, Nex Mexico (Santa Fe County)
Owner: . Bureau of Reclamation
Contractor: Gibbons & Reed, Boyles Brothers, Dugan Graham
Machine Manufacturer: Robbins :
Shape: Circular
Length: 66,959 LF
Bore: 12'¢"
Inside Diamcter: BULY
Calculated Volumes:
. Excavation: 4.55 CY/LF .
Excavation: 304,700 CY (nearest hundred)
Lining: 1,08 CY/LF
Lining:. 72,100 CY (nearest hundred)
Matcrial: ‘Sandstone, Shale
Quantity Unit Price Total
quatty | 2T fangimeeral hrertte ol row | Do
of Tumell Estlmate |~  ; pigs | Bld Bid
Mobllization - L3
Clear, Grub LS
Drill Pilot Holes 33,400 If .50 ' 4.00 1.50 1.00 33, 400
1 Tunnel Excavation 340,000 cy 5.08 29,50 25. 10 23.60 | 8,024,000
Tunnel Enlargement - 1,700 cy .03 70.00 | . 55.87 23.60 40, 120
Subtotal _ e 8,097, 520
Steel Sets 17,500,000 Ib 112,01 .25 .098 | .045 337,500
Rock Bolts . 100,000 If. 1,49 } 2.00 | 2.47 " 1,00 100, 000
Timber 2,400 MBM] .036 275.00 81.67 30, 00 72,000
Rock Bolt Shapes - ' :
“Chain Link Fabric
Liner Plate
Other Expansion Bolts
Subtotal 509, 500
Concrete 107,500 cy 1.61 30.00 31.00 27.00 | 2,902,500
Cement 189,900 BBI®|  2.84 6.00 |  5.23 6.00 | 1,139,400
Relnforcing Steel 79,000 [bP 1,18 .17 -.15 .15 11, 850
Subtotal : _ 4,058, 750
Drill Grout Holes 300 If 5.00 | . 4.67 6.00 1, 800
Grout Plpe 3001b 1.00 2.61 - 1,00 | " 300
Grout Connection : ’
Grout Operation 2,000 cf .030 5.00 5.67 5. 00 10,000
PAMC 100,000 cf 1.49 1.75. -2,87 . 2.75 275,000
Other . :
Subtotal 2817, 100
Other Tunnel . I
Tunnel Total 12,947, 870
Other. Project . ) 843,130
Total Project 13, 791, 000

a. Derlved from total requirement by assuming 1.5 BBl cement per CY for structures.

b. Derived from total requirement using . 733 lbs/cy (concrete) based on the River Mountain.
“This compares favorably with the $. 106/cy concrete estimated for River Mountain.
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Name: River Mountain Approximate Date: 1968
Location: Nevada (Henderson)
Owner: Bureau of Reclamation
Contractor: Utah Mining
Machine Manufacturer: Jarva
Shape: Circulor
Length: 19,970 LF
Bore: : 12!
Inslde Diameter: . 10!
Calculated Volumes: :
Excavation: 4.19 CY/LF )
Excavation: 83,700 CY (nearest hundred)
Lining: 1.28 CY/LF
Lining: 25,600 CY (nearest hundred)
Material: Rhyolite, Rhyodacite, Conglomerate
Quantity Unit Price Total !
Quantity per Engineer's Average of Low Do.llars ;
: LF Estimate of Three Bid Low H
of Tunnel |- Lowest Bids ‘Bid '
Mobilization® LS 1,500 " 3,700 100 100 ¢
Clear, Grub LS .
Subtotal 4 100
Drill Pilot Holes ~ 4,000 If .20 2.25 2.33 2.50 10.000
Tunnel Excavation 85, 700 cy 4.29 40.00 36.17° 21.25 | 1.821,125
Tunnel Enlargement ‘ :
Subtotal ) 1,831,125
Steel Sets 510,000 1b 25.54 .30 .30 .30 153,000
Rock Bolts 54, 000 If 2,70 2.00 2.00 2.00 108,000
-Timber ’
Rock Bolt Shapes 82,000 1b .40 .40 .40 32,800
Chain Link Fabric 500 sy 4.175 4.75 4.75 2.375
Liner Plate ’ - . .
Other Expansion Bolts| 1,000
Subtotal 297,175
Concrete 28,200 cy 1.41 51,00 53.68 42.15 1,205,550
Cement { 37,500bBBI A1.88 5.75 " 5.33 5.00 187.500
L 6, 700 .34 6.50 5.83 5.50 36,850
Reinforcing Steel 13,600 1b .68 .19 .20 .22 2,992
Subtotal- : 1,432,892
Drlll Grout Holes 880 If 3.50 3.33 ~ . 1.00 880
Grout Plpe 1,000 1b 1.10 1.33 1,00 1,000
Grout Connection 88 ea 18.00 31.00 30.00 2,640
Grout Operation 880 cf .044 3.50 3.83 1.75 1,540
PAMC ' i - ‘ :
Other -
Subtotal 6,060
Other Tunnel 0
Tunnel Total. 3,567,352
Other Project 379,267
Tota! Project 3,946,619

a. Grout Mobllization.

b. Grout Cemgt_xt.
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Name: River Mountain Approximate Date: 1968
Location: Nevada (Hendexrson)
Owner: Bureau of Reclamation
Contraclor: Utah Mining
Machine Mandfacturer: Jdarva
Shape: Circular
- Length: . 19,970 LF
Boroe: , S12 '
Inside Diameter: - 10
Calculated Volumes: )
Excavation:’ 4.19 CY/LF
Excavation: 83,700 CY
Lining: 1.28 CY/LF
Iining: 25,600 CY
Materlals Rhyolite, Rhyodacite, Conglomerate
Quantify N
. per Unit Final
Quantity . LF Price Cost
of Tunnel :
Mobilization 1S
Clear, Grub - 1S
Subtotal
Drill Pilot Holes 4,000 - .20 2.50 10, 000 -
Tunnel Excavation 82,542 cy 4,13 21.25 1,754,018
Tunnel Enlargement ’
Subtotal 1,764, 018
Steel Sets 4,055 lbs : .20 .30 1,216
Rock Bolts: 5,820 If : .29 - 2,00 11,640
Timber ’
Rock Bolt Shapes 22,424 1bs .40 8,970
Chain Link Fabric ' :
Liner Plate
Other Expansion Bolts 1,000
Subtotal ' . 22,826
Concrete - { 25,047 cy 1.25 42.75 1,070,759
41, 698 5,00 1+ 208,490
Cement: 293 BB 2.10 5.50 1,226
Reinforcing Steel 13,6001 . . 681 .22 . 2,992
Subtotal ' ' 1,283,467
. 270 ., . . 7.50 2,025
Drill Grout Holes { 870 i 1.00 870
Grout Pipe 1,000 1.00 1,000
Grout Connections 87 ea. . 30.00 2,610
Grout Operation 880 cf . 044 1.75 1, 540
PAMC )
Other .
Subtotal 8, 045
Other Tunnel . )
Tunnel Total " 3,078,356
Other Project . 379,267
Total Project 3,457,623
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Name: Navajo #1 Approximate Date: 196
Locatlion: New Mexico (Farmington)
Owner: Bureau of Reclamation
Contractor: Fenix and Scisson
Machine Manuf'u,tul er: Hughes
Shape: Circular
Length: 10, 040
Bore: . 207"
Inside Diameter: 18!
Calculated Volumes:
. Excavation: 12,32 CY/LF
Excavation: 123,700 CY (nearest hundred)
Lining: 2.89 CY/LF
Lining: 29,000 CY (nearest hundred)
Material: Sandstone, Shale
‘Quantity Unit Price Total
: : per _ 1.| Average of Dollars
Quantity LF E;sgtilnx:::es Three Low— I};: Low
A of Tunnel . _est Bids(d) Bid
Mobfiization Ls
Clear, Grub LS
Drill Pilot Holes 5,0001f .50
. Tunnel Excavatfon 130,500 cy 12.90 E
Tunnel Enlargement 700cy .02
Subtotal
Steel Sets 3,150,0001b 313.75
Rock Bolts 26,3001% 2.62
Timber _530MBM| .05
Rock Bolt Shapes
Chain Link Fabric
Liner Plate
Subtotal
Concrete 36,350cy 3.62
Cement : 72,000 BBI 7.17 6,00 5.12 5.25 378, 000
Reinforcing Steel - 26,6501b 2.65 .16 .135 .12 3,198
Subtotal -
Drill Grout Holes
Grout Pipe -
Grout Connection
Grout Operatfon - .
PAMC '
Other
Subtotal
Other Tunnel .
Tunnel Total 3,639,178
Other Project 1,763,816
Total Project 5,402, 994

pogp

Tunnel bid by linear foot ($324.50/LF or $3, 257,980
. Assume 1, 5BB1/CY for surface structures (11, 000 cy)
Assume . 7331bs/CY (Water Hollow)
Two low bidders (third bid another option)
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Names

Navajo #2 Approximate Date: 1965
TLocation: New Mexico: (Farmington) :
Owner: Bureau of Reclamation
Contructor: Shea, Kafser, Macco
Machine Manufacturer: None
Shape: Horseshoe
Length: 25,720 LF
Bore: , 20'1" X 201"
Inside Diameter: 17'6" X 17'6"
Calculated Volumes: -
Excavation: 11.73CY/LF
Excavation: 301, 700CY (nearest hundred)
Lining: 2.82CY/LF
Lining: 72,500CY (nearest hundred)
Material: Sandstone
Quantity Unit Price Total
Quantity Il’,e; | Engineer's .%Y:::g&:i Low D‘;};:ls
] -lof Tunnel Egtlmate est Bids . Bid Bid (a)
Mobflfzation, LS
Clear, Grub . LS
Drill Pilot Holes 12,9001f .50
Tunnel Excavatfon 328,400 cy 12.77
Tunnel Enlargement 1,700.cy .07
Subtotal ‘
' Steel Sets 4,290,0001b |166.80
Rock Bolts : 61,730 2.40
Timber . 520MBMA .02
Rock Bolt Shapes ’
"Chain Link Fabric
Liner Plate
Other Expanston Bolts
Subtotal
Concrete 83,880 cyb 3.26 S
Cement: 149,750 BBl | 5.82 5.50 4,90 5. 00 748,750
Reinforoing Steel . 46,1001b © 1.79 .16 ©.187 .20 9,220
Subtotal . : !
Drill Grout Holes 58511 4.00 7.33 15.00 8,775
Grout Pipe 4001b 1.00 2.00 2.00 800
Grout Connection : - -
Grout Operation . 2,000cf .08 5.00 5.33 8.00 16,000
PAMC ’
Other
Subtotal 254575
Other Tunnel
Tunnel Total 6, 956,345
Other Project 1,684,066
Total Project 8,640,411

a. Tunnel bid by linear foot ($240/LF) or $6, 172,800
b. Assume 1,5BBls/CY in surface structures
c. Assume $ ,110/CY (Azotea, Navajo #1, Divide)
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Name: Divide (Total) Approximate Date: 1965
Locatfon: Colorado (Glenwood Springs County)
Owner: Bureau of Reclamation
Contractor: Winston Brothers, Foley, Hurley, Frasfer-Davis
Machine Manufacturer: None
Shape: :
Length: 59,361 LF
Bore: .
Inside Diameter:
Calculated Volumes:
Excavation: CY/LF
Excavation: CY (nearest hundred)
Lining: CY/LF "
Lining: CY (nearest hundred)
Material: Highly Fractured Granite
» . Quantity Unit Price Total
o o per r..| Average of Dollars
~Qua!_1tity LF E;sg:in;::es Three Low- I]‘;;:;' Low
. 'of Tunnel . est Bids Bid
Mobilization LS
Clear, Grub LS
Drill Pilot Holes 10,000 1f2 .17 2.00 1.25 1.00| - 10,000
Tunnel Excavation 206,000 cy 3.47 41,13 52.65 52,65 |- 10, 845, 000
Tunnel Enlargement 200 cy2 .003 55.00 32.5 25.00 5, 000
Subtotal ' : ' 10,860, 000
Steel Sets 2,400,0001b | 40,43 .25 .168 . 053 132, 000
Rock Bolts 54,000 1f .91 2.00 1.62 .50 27,000
Timber : .
Rock Bolt Shapes
Chain Link Fabric
Liner Plate .
Other Expansion Bolts
Subtotal ‘ 159, 000
Concrete N 54,985 cy .93 | 52.82 56.69 55.87 | 3,072,275
Cement : 115,000 BBl 1.94 6.00 6.75 -5.00 . 575, 000
Reinforcing Steel 43,0001b .72 .16 .175 .14 6,020
Subtotal 3,653, 295
Drill Grout Holes 750 1f 5.00 3.25 1.50 1,125
Grout Pipe . 2,0001b 1.00 1..00 1.00 2,000
Grout Connection 500 ea. 20.00 14.00 8.00 4,000
Grout Operation " 20,000 cf .34 " 4.00 4.50 2.00 40,000
PAMC o ' :
Other-
Subtotal 47,125
Other Tunnel
Tunnel Total 14,719,420
Other Project 2,836,747} -
Total Project 17,556,167 |"

a. Not allocated to individual tunnels




Name:

Location:

Owner:

Contractor:

Machine Manufacturer:
Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:

Glenwood Springs .
Colorado (Glenwood Springs County)
Colorado Highway Department

Colorado Constructors

None
BH

2000 LF
34' x 26" .
32" x 24"

Approximate Date: 1963

_Excavation: 28.15 CY/LF
Excavatlion: 56,300 CY (nearest hundred)
" Linlng: 3.77 CY/LF
Lining: 7,500 CY (nearest hundred)
Material: Blocky and seamy porphoritic, coarse and grained granite.
Quantity Unit Price Total
Quartity Ff; Englneer's Average of Low? Dollars
L B¥ Estimate | O L0ree Bid Low
) ) of Tunnel Lowest Bids ' _Bid
Mobiflization 1S
Clear, Grub 1S
Drill Pilot Holes A . : '
Tunnel Excavation - 59,900 cy 29.95 17,50 t 1, 048,250
} Tunnel Enlargement - . -
Subtotal - 1,048,250
Steel Sets 680,0001b | 340.00 .22 " 149,600
Rock Bolts 17,000 1f 8.50 1.80 © 30,600
Timber Y
Rock Bolt Shapes
Chain Link Fabric
Lincr Plate
Other Expansion Boits . .
Subtotal B 180,200
Concrete 8,500 CY® 4,25 30. 00 255, 000
Cement ’
Reinforcing Steel
Subtotal R 255, 000 :
Drill Grout Holes
Grout Pipe
Grout Connection
Grout Operation. -
PAMC g
Other
Subtatal
Other Tunnel
Tunnel Total 1,483,450
"Other Project 90,460
Total Project 1!'573!5910

a. Low bidder estimate not avaflable, used engineer's estimate. .

b. Includes cement, reinforcing steel, and grout.
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Name:
Locatlon:
‘Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:

Hells Canyon
Idaho (Cambridge County)
Idaho Power Commission

1,694 LF
43"
40’

Approximate Date: 1966

Excavation: 53.81 CY/LF
Excavation: 91,200 CY (nearest hundred)
Lining: 7.25 CY/LF
Lining: 12,300 CY (nearest hundred)
Material: Metamorphic voleanics, basalt flows, ash aglomerate, boulders,
_ Quantity Unit Price Total
" ¥
Guantity per Engineer's Average of Low Dollars |
| LF Estlmate |  °f TOree Bid Low ]
: of Tunnel ; Lowest Blds S Bid ‘
. ' t
Mobilfzation 1S
Clear, Grub Ls
Drill Pilot Holes .
Tunnel Excavation 831, 442

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe '
Grout Connection
Grout Operation
PAMC
Other

Subtotal

Other Tunnel
Tunnel Total

Other Project -
Total Project.

831,442

318,661

1,304,586
20, 056

10,208

30, 264

2,484,953

7,860
2,492,813
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Nanes

Locition:

ownex:

Contractor:

Machine Mamdacturer:
Shapes

Length:

Bore:

Inside Diameter:
Calculated Volumess

Flathead

Montana (Flathead County)

Corps of Engineers

Dravo
None

BH

35,960 LF

. 21" x 29'3"
-18'"'x 256'3"

Approximate Date: 1966

Final
Cost

8.00 |

‘ 17,476,090

'_7,401, 048 '

9,680,304

. 5’555’756 ‘

44,000 .

73,081,700
. 48,516
194,608

17,232,966

1,960, 000
2,418,073
1,549,392

65,137
286,626
©1,121,820 .

6,311,525 -
2,008,190 ~
© 3,704
1,356,063 .
822

2,820

Excavation: - 21,00 CY/LF
Excavation: 755, 200 CY (nearest hundred)
Lining: 5.45 CY/LF
Lining: 196,000 CY (nearest hundred)
Material: Predominately arglllite moderately hard to hard, bedded 1 to 6 (nches
and quartzitic argillite, hard bedded 2 Inches to 2 feet,. some meta-
andstone,
) Quantity
- per Unit
Quantity LF Price
- of Tunnel
- 3’031’=Uﬂ-
Mobilizatfon LS 44,000
Clear, Grub 18
Subtotal
' : 4,043 ., .11 12.00
Drill Pilot Holes { 58, 972 1f 1.64 3. 30
Tunnel Excavation 783,317 21,78 22..50
Tunnel Enlargement :
. Subtotal ‘ :
4,000, 000 o .49
Steel Sets { 9,582, 294 1bs 377.71 .28
Rock Bolts 516,464 1f 14.36 3.00
Timber . v A :
Rock Bolt Shapes. 162, 843 lbs .40
Chain Link Fabric 96, 542 sy 3.00 -
Liner Plate 74,788 sf X 15.00
Other Expansion Bolts
Subtotal . .
Coeerl e | ew |
Cement { ’ 463 BBL 10.17 *
Reinforcing Steel 6,780,317 1b - 188.55 +20
Other Fluidifier :
Subtotal .
Drill Grout Holes . 1,128 1f 2,50
Grout Pipe o
Grout Connections -
Grout Operation C W17 7.00

. PAMC
Other
Subtotal

Other Tunnel
Tunnel Total

Other Project _
Total Project .

6,029 cf

. 37,684,165

42,203

45,028
[}

7, 711‘,. 164
45, 395,329
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Names Broken Bow Approximate Date: 1965
Location: Oklahoma (Broken Bow Coumty) °
Owner: Corps of Engineers '
Contractor: Al Johnson Company
Machine Manufacturer:
Shape: Circular
Lenglh: 3000 FT.
Rore: 29 FT,
Inside Diameter: X
Calenlated Volumes:

Excavation:

Excavation:

Lining:

Lining:
Matcrial: Generally metamorphized shale and argillite.

ONLY PROPRIETARY CONTRACTOR DATA
' Quantity Unit Price “Total
Quantity -per Engineer's | 2Verage of Low Dollars
LF Estimate of rhpee Bid J.ow
of Tunnel Lowest Bids Bid

N
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Name:
Loecatlon:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:’

Bore:

Inside Diamcter:

Calculated Volumes:
Excavation:
Excavatlon:
Lining:
Lining:

Matcerlial:

Dworshak Diversion
Idaho

Corps of Engineers

Peter Kiewit and Sons Company

None
Circular
1950 FT.
43 FT,

Highly fractured granite gnelss.
ONLY PROPRIETARY CONTRACTOR DATA

Approximate Date: 1965

per

A Quaijtlty LF

Quantity

Unit Price

of Tunncl

Enginecr's
Estlmate

Average of
of Three

Lowest Bids

Low

Bid

Total
Dollars
) 1.10\‘!’
Bid

of =t et s gy = b

A-u8
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Name:
Location:
Owner:
Contractor: ;
Machine Manufacturer:
Shaper :
Length:
Bore:
Inside Diameter:
Calculated Volumes:
- Excavation:
Excavation:
Lining:
Lining:
Material:

2781-26 (Sect. I)
Minneapolis, Minn,
City of Minneapolis
Al Johnson Co.

Approximate Date: 1963

Circular
2,822 LF
13

9!

3.52 CY/LF

10,000 CY (nearest hundred)

1.16 CY/LF

3,000 CY

St. Peter sandstone, medium to fine grained rounded to subrounded
quartzose sandstone. Massive appearing well sorted with some fron
straining.. Some silty and shaly zones.- - '

Mobilization
Clear, Grub
Subtotal

‘Drill Pilot Holes
Tunnel Excavation
" Tunnel Enlargement
Subtotal

| Steel Sets

Rock Bolts
Timber .
Rock PRolt Shapes
Chain Link Fabric
Liner Plate )
Other Expansion Bolts

" Subtotal

Concrete

Cement i

Reinforcing Steel
Subtotal

- Drill Grout Holes
Grout Pipe
Grout Connections
"Grout Operation
PAMC
Other
Subtotal

» Other Tunnel a
Tunnel Total -

Other Project
Total Project

Quantity
per -
LF
of Tunnel

Unit
Price -

" Final

Quantity Cost

592, 584

a. Tunnel bid by linear foot ($210/LF).
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Name:

2781-26 (Sect. I : : Approximate Date: 1963

. Drill Pilot Holes
Tunnel Excavation
Tunnel Enlargement:

Subtotal
Steel Sets

" Rock Bolts
Timber
Rock Bolt Shapes
Chain Link Fabric
Liner Plate
Other Expansion Bolts

Subtotal -

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe .
Grout Connections
Grout Operation
PAMC
Other

Subtotal*

Other Tunnel .
Tunnel Total

Other Project
Total Project

Location: Minneapolis, Minn.
Owner: City of Minneapolis
Contractor: . Al Johnson Co.
Machine Manufacturer:
Shape: Circular
‘Length: 1,155 LF
Bore: 14"
Inside Diameter: - Ca2
Calculated Volumes: ‘ o

Excavation: 5,70 CY/LF

Excavation: 8,600 CY (nearest hundred0

Lining: 1.51 CY/LF

Lining: 1,700 CY (nearest hundred) )
Material: - 8t. Peter sandstone, medium to fine grained rounded to subrounded -

) quartzose sandstone, Massive appearing well sorted with some lron
.straining. Some 8llty and shaly zones.
' - Quantity . :
: per Unit - Final
Quantlty. ' 'LF " Price ]. Cost
of Tunnel - | ‘
Mobhilization
Clear, Grub
Subtotal .

" 300,323. |-

a. Tunnel bid by linear feot ($260/LF).
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Name:

Location:

Owner:

Contractor:

Machine Manufacturer:

Shape: '

Length:

Bore:’

Inside Diameter:

Calculated Volumes:
Execavation:
Excavation:
Lining:
Lining:

Material:

2781-26 (Sect. III)

Minneapolis, Minn.
City of Minneapolis
Al Johnson Co.

Circular
4,688 LF
16’

14'

7.45 CY/LF

" 34,900 CY (nearest hundred)

1.75 CY/LF

" 8,200 CY (nearest hundred)

Approximate Date: 1963

St. Peter sandstone, medlum to fine grained rounded to subrounded
quartzose sandstone. Massive appearing well sorted with some iron

straining, Some silty and shaly zones.

Mobilization
Clear, Grub
Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate )

Other Expansion Bolts
Subtotal

Concrete .

Cement

Reinforcing Steel -
Subtotal

Drill Grout Holes
Grout Pipe °*
Grout Connections
Grout Operation
PAMC
Other

Subtotal

Other Tunnel
Tunnel Total

Other Project
Total Project

Quantity
pér
LF

- . Quantity
) } of Tunnel

. Unit

Final

Price . Cost

1, 289,261
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¥ Name:

" Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter: }

Calculated Volumes:
Excavation:
Excavation:
Lining:

. Lining:

Material:

2781-26 (Total) Approximate Date: 1963
Minneapolis, Minn.
City of Minneapolis

Al Johnson Co.

Circular

. 8,824 LF

Various

5.84 CY/LF .
51,500 CY (nearest hundred)
1.46 CY/LF '
12,900 CY (nearest hundred) )
St. Peter sandstone, medlum to fine grained rounded to subrounded
‘quartzose sandstone. Massive appearing well sorted with some iron
straining, Some slity and shaly zones.

¢

Mobilization
Clear, Grub
Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts

‘Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete
Cement
. Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe -
Grout Connectfons
Grout Operation
PAMC
Other

Subtotal

Other Tunnel
Tunnel Total

- Other Project
Total Project

Quantity
per
" LF.
of Tunnel

Unit
Price

Final

Quastity Cot

2,182,168

406, 538
2,588, 706

. a. Tunnel Cost $251.81/LF (Weighted Ave.)
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:;

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:

Material:

2782-50 -,
Minneapolis, Mlnn. a
City of Minneapolis
Al Johnson Co.

Approximate Date: 1963

Circular
4,346 LF
14"

12¢

. 5.70 CY/LF

24,800 CY (nearest hundred)
1,51 CY/LF

6,600 CY (nearest hundred)
St. Peter sandstone, medium to fine grained rounded to subrounded
quartzose sandstone. Massive appearing well sorted with some iron
straining. Some silty and shaly zones.

Mobilization
Clear, Grub
Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts
Timber

Rock Bolt Shapes
Chaln Link Fabric
Liner Plate '

Other Expansion Bolts -

Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connections -
Grout Operation
PAMC
Otherxr :
Subtotal
Other Tunnel
Tunnel Totala

Other Project
Total Project

Quantity
per . Unit
_LF "~ Price -

of Tunnel 3

Final

Qua.ptity Cost

1,130,020

5,852
1,135,872

2. Tunnel bid by linear foot ($260/LF)
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Name:

Location:

Owner:

Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining:
Llnlhg:

Material:

2783-06 ‘.
Minneapolis, Minn,
City of Minneapolis

Al Johnson Co.

‘Circular

3,465 LF
16'
14

7.45 CY/LF

1
- Approximate Date: 1963

25,800 CY (nearest hundred)

1.75 CY/LF

6,100 CY (nearest hundred) .
St. Peter sandstone, medium to fine grained rounded to subrounded
quartzose sandstone. Massive appearing well sorted with some iron

straining. Some slity and shaly zones.

Mobilization
Clear, Grub
Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargement
Subtotal '

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
‘Subtotal -

Concrete .

Cement .

Reinforcing Steel .
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connections
Grout Operation -
- PAMC ’
Other

Subtotal’

Other Tunnel
Tunne) Total

Other Project
Total Project

Quantity

of Tunnel

Quantity
per
LF

Unit ‘

Price -

Final
Cost

952,831

148,878
1,101,709

a. Tunnel bid by unga'r foot ($275/LF).
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Names:.

Location:

Owner:

Contracior:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:

‘Material:

2782=-17

Minneapolis, Minnesota

City of Minneapolis

Foley Bros., Hurley, Winston Bros.

Circular
6,509 LF
14'
12!

5.70 CY/LF

37,100 CY (nearest hundred)
1.57 CY/LF

9,800 CY (nearest hundred)

Approximate Date: 1961

St. Peter sandstone, medium to fine gralnéd rounded to subrounded
quartzose sandstone. Massive appearing well sorted with some iron

straining.. Some silty and shaly zones.

Mobilization
Clear, Grub
. Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargement’
Subtotal

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
. Grout Pipe
Grout Connections
‘Grout Operation
PAMC
Other

Subtotal

Other Tunnel
Tunnel To_tal"-1

Other Project ‘ _
Total Project

Quaptity

Quantity pf;

- of Tunnel

Unit
Price

Final
Cost

LS .
LS

‘1,497,116

315,946
1,813,062

a. Tunnel bid by linear foot ($230/LF)
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Nuame:

[ocation:

Owner:

Contractor: .

Machine Manufacturer:

Shapo: o

Length:

Bore:

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:

Matcrial:

. 2,400 CY (nearest hundred)

straining, Some silty and shaly zones.

2782-71

Minneapolis, Minnesota

City of Minneapolis

Winston Bros., Hurley, Foley Bros.

Circular

1,593 LF
14!
12!

£.70 CY/LF

19,100 CY (nearest hundred)

1.51 CY/LF

Approximate Date:

1963

St. Peter sandstone, medium to fine grained rounded to subrounded
" quartzose sandstone. Massive appearing well sorted with some iron

" Mobtilization
Clear, Grub
Subtotal

" Drill Pflot Holes

Tunnel Excavation - -

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts '
Timber

Rock Bolt Shapes
Chain Link Fabric
Liner Plate

Subtotal

Concrete

Cement ,

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe o
Grout Connections
Grout Operation -
PAMC
Other

Subtotal

Other Tumiel a
Tunnel Total *

Other Project
Total Project

Other Expansion Bolts .

b

Quantity
per’
LF

of Tunnel

Unit

Quantity Price

Tinal
Cost

18
18

1,694,325

38,084

L732,40

a. Tunnel bid by linear foot averaging $920.81/LF for three 12' ID sections.
b. Total includes $227,470 grout. '
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Name:

2783-19

Approximate Date: 1966

Location: Minneapolis, Minn.

Owner: City of Minneapolis

Contractor: Delaware Corp, American Structures

Machine Manufacturer;  Delaware V. M.,

Shape: Circular

Lcngth: 6587 LF

Bore: 15'

Inside Diameter: 13!

Calculated Volumes: o

Excavation: 6.55 CY/LF
Excavation: 43,100 CY (nearest hundred)
Lining: 1.63 CY/LF
Lining: . 10,700 CY (nearest hundred)

Material: St. Peter sandstone, medium to fine grained rounded to subrounde
quartzose sandstone. Masslve appearing well sorted with some iron
straining. Some sllty and shaly zones.

Quantity ' :
per : Unit Final
Quantity LF " Price - Cost
of Tunnel. | -

Mobilization

Clear, Grub

Subtotal

Drill Pilot Holes

Tunnel Excavation

_Tunnel Enlargement
Subtotal

Steel Sets

Rock Boits

Timber

Rock. Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connections
Grout Operation
PAMC )
Other _

Subtotal

Other Tunnel a
Tunnel Tatal '

Other Project b
Total Project

1,722,553

591,027
2,313, 580

a. Bld by linear foot ($261.50/LF). ' .
b. Other project items are $272,954. Four small and/o‘r short-tunnels are
included in this amount ($318, 073).
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Name:;
Location:
Owner:
Contractor:
Machine Manufacturer:
Shape:
Length:
Bore:
Inside Diameter:
Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:
Material:

6282=23
Minneapolis, Minnesota "
City of Minneapolis

Winston Bros., Hurley, Foley Bros. '

Elliptical
4,400 LF
14!
12¢

5.70 CY/LF.

25,100 CY (nearest hundred)

1.51 CY/LF

6,600 CY (nearest hundred)

Approximate Date: 1961

St. Peter sandstone, medium to fine grained rounded to subrounded

quartzose sandstone. Massive appearing well sorted with some iron

straining. Some sllty and shaly zones.

Mobilfzation
Clear, Grub
Subtotal

Drill Pilot Holes

Tunnel Excavation

Tunnel Enlargment
Subtotal

Steel Sets

Rock Bolts
Timber

Rock Bolt Shapes
Chain Link Fabric
Liner Plate

Other Expansfon Bolts

Subtotal

Concrete

Cement )
Reinforcing Steel
’ Subtotal

Drill Grout Holes
Grout Pipe-
Grout Conhections
Grout Operatfon
PAMC
Other

Subtotal

Other ;runnel
Tunnel Total®’

Other Project
’ Total Project

b

Quantity

Quantity
per
- LF
of Tunnel

- Unit
Price

Final
Cost

840, 850

521, 309
1,362,150

| =l

a. Tunnel bid by linear foot $189/LF.
b. Total includes grout $9,250.
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Nume:

Tocation:

Owner:

Contractor:

Machine Manufacturer:

Shape:

Lengu:;

Bore:

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining: .
Lining:

Material: -

6282=41 Approximate Date: 1961

Minneapolis, Minnesota
City of Minneapolis

- Foley Bros., Hurley, Winston Bros.

Circulur
2303

14!

12!

5.70 CY/LF

13,100 CY (nearest hundred)
1.51 CY/LF

3,500 CY (nearest hundred)

St, Peter sandstone, medlum to fine grained rounded to subrounded
quartzose sandstone.

Massive appearing well sorted with some iron
stralning. Some silty and shaly zones.

- Mobilization -
Clear,. Grub ..
Subtotal

Drill Pilot Holes
Tunnel Excavation
Tunnel Enlargement

Subtotal

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate - o

Other Expansion Bolts
Subtotal -

Concrete-

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connections
~Grout Operation
PAMC
Other
Subtotal

Other Tminel a
Tunnel Total™’

Other Project
Total Project

b

Quantity
per
LF’

of Tunnel

Final
Cost

- Unit

Quantity Price

439, 267

_13,900

453,167
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Namer Lawrence Avenue (Section I) Approximate Date: 1967
Locatlon: Chicago, Illinois :
Owner: City of Chicago, Department of Public Works
Contractor: McHugh, Healy, Kenny
Machine Manufacturer: Lawrence '
Shape: Clrcular
Length: 16,638 LF
Bore: 13'4"
Inslde Dilameter: 12!
Calculated Volumes: )
Excavatlon: 5.17 CY/LF
Excavation: 86,000 CY (nearest hundred)
Lining: .98 CY/LF
Lining: 16,300 CY (nearest hundred)
Matertial: Pink and gray dolomitic limestone, compressive strength 10,000 to 17,000 psi.
. Quantity Unit Price Total
' er " Average of Dollars
ngntlty [;..F Englrlxeex;'s .of Three Il;‘)l: Low
: of Tunnet | EStiMate | 1 west Bids Bild !
Mobllization l
Clear, Grub
Drill Pilot Holes
Tunnel Excavation
Tunnel Enlargement .
Subtotal 4,658,640°
Steel Sets
Rock Bolts
Tlmber -

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Plpe
Grout Connection
Grout Operation -
PAMC
Other

Subtotal

Other Tdnnel
Tunnel Total

Other Project
Total Project

1998, 280

5,656,920

a. Does not lnclude supports ($280/LF).

.'Suppo_rts bid for total contract.

b. Includes grout (360/LF).
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer: )

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:

Material:

Lawrence Avenue (Sectlon II)

Chlcago, Iilinois

Appro:dmate Date: 1967

Clty of Chicago, Department of Public Works

McHugh, Healy, Kenny
Lawrence

Circular

9,126

18'4"

17!

"9,78 CY/LF

89,300 CY (nearest hundred)

1,35 CY/LF -

12,300 CY (neared Lundred)
Pink and gray dolomttic limestone, compressive strength 10,000 to 17,000 psi.

Mobilization
Clear, Grub
Subtotal

Drili Pilot Holes

Tunnel Excavatlon

Tunnel Enlargement
Subtotal *

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal )

Drill Grout Holes
Grout Plpe
Grout Connectionh
Grout Opcration .
PAMC ’
Other’

Subtotal

Other Tunnel
Total Tunnel

Other Project
Total Project

' Quantity o
) ‘ " | of Tunnel

per

Quantity

Unit. Price

Engineer's
Estimate

Average of -
of Three

Low
Bid

Total
Dollars
Low
Bid

. Y.

Lowest Bids

3,732,534

~T50000"

4,462,614

a. Does not Include suppérts._

_b. Includes grout ($80/LF).

Supports were bid for total contract ($409/LF).
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Drill Pilot Holes
Tunnel Excavation
Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts
Timber

Rock Bolt Shapes
Chain Link Fabric
Liner Plate

Subtotal

Concrete

Cement
Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Plpe

Grout Connection
Grout Operation
PAMC

Other

Subtotal

Other Tunnel
Tunnel Total

Other Project
- Total Project

Other Expansion Bolts |

1,728,360

| ek et

Namer Lawrence Avenue (Total) Approximate Date: 1967
Location: Chicago, Ilinois '
Owner: City of Chicago, Department of Public Works
Contractor: McHugh, Healy, Kenny
~ Machine Manufacturer: Lawrence
Shape: Circular
Length: 25,764 LF
Bore: :
Inslde Dlameter:
‘Calculated Volumes:
Excavatlon: 6.80 CY/LF
Excavation: 175,300 CY (nearest hundred)
Lining: 1.11 CY/LF
Lining: 28,600 CY (nearest hundred)
Materlal: _Plnk and gray dolomitic limestone, compresslve strength 10,000 to 17,000 psi.
- Quantity Unit Price- Total
- Quantity l;f; Engineer's : Ao‘;e']!."lal'g:e‘)f 1 . Iéol:!v : D;lé:vrs :
. of Tunnel Estimate Lowest Bids ' Bid ;
Mobilization . LS .
Clear, Grub 18

8, 391,1?4

72,560

10,192, 094

__600,000
10,792,094
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

_Inside Diameter:

Calculated Volumes:
Excavation:
Excavatlon:-
‘Lining:
Lining:

Material:

Lawndale Avenue (13=A)

Chicago, Ilinois

City of Chicago, Department of Public Works
Healy & Kenny

Robbins

- Circular
17,634 LF

13'10"
12!

5.57 CY/LF
98,200 CY (nearest hundred)
1.38 CY/LF
24,300 CY (nearest hundred)

Approxiinate Date: 1968

Dolomlitic limestone--approximately 15,000 psi--competent. tunnel unlined.

Mobilization
Clear, Grub

Drill Pilot Holes

Tunnel Excavation

Tumnel Enlargement -
Subtotal

Steel Sets

Rock Bolts
Timber"

Rock Bolt Shapes
Chain Link Fabric
Liner Plate

Subtotal

Concrete

Cement

Reinforeing Steel
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connection
Grout Operation
PAMC :
Other
Subtotal

Other Tumnel
- Tunnel Total

Other Project
Total Project

Quantity

Unit Price .

Quantity ‘f;

of Tunnel

Average of
of Three
Lowest Bids

Engineer's
Estimate

Low
Bid

Total
Dollars
Low
Bid

R i

" Other Expansion Bolts{:

1S
1S

u——
4,567,206

__'__h
793,530

5,360,736

850, 0006
6,210,736

a, Includes support ($259/LF).

b. Includes grout; this item was subsequently removed from the contract ($45/ LF).

c. Shaft.
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Namé:

Locatlon:

Owner:

Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calcutated Volumes:.
Excavation:
Excavation:
Lining:
Lining:

Matertal:

Crawford Avenue (18-E)

Chicago, Ilinois

Approximate Date: 1968

City of Chicago, Department of Public Works

S&M:
Jarva |
Circular
18,320 LF
16'10"
15!

8.25 CY/LF

151,100 CY (nearest hundred)

1.70 CY/LF

31,100 CY (nearest hundred)

Dolomitlc limestone, competent, compressive strength approximately 15,000 psi.

Mobilization
Clear, Grub

Drill ‘Pilot Holes

Tunnel Excavation

Tunnel Enlargement
Subtotal

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes

Chain Link Fabric

Liner Plate )

Other Expansion Bolts
Subtotal

Concrete -

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Pipe
Grout Connection
"Grout Operation
PAMC
Other
Subtotal

Othe r Tunnel
Tunnel Total

Other- Project
" Total Project

Quantlty ) -

Quantity
per
LF

of Tunnel

. Unit Price

Engineer's
Estimate

Average of -

of Three

Bid

Total
Dollars.
Low

Bid -

LS

Lowest Bids

4,763,200

—“‘_—-——b

1,190,475

5,963,675 -

{ 1,000,000

6,953,675

a. Includes support ($260/LF).

b. Includes grout; however, this {tem was subsequently removed from the contract ($65/ LF)

'y 6h'

c¢. Shaft.




‘Other Project

Total Project '

Name: Northwest Interceptor Approximate Date: 1965
Locatlon: Chicago _
Owner: City of Chicago
Contractor: g Kenny -
Machine Manufacturer: ]
Shape: Circular-
Length: 5580 LF
Bore: 14' - 4"
Inside Diamecter: 11'=- 0"
Calculated Volumes: .

Excavation: 33,300 CY
- Excavatlon: )

Lining: 13,720 CY

Lining: .
Material: Hard gray silty clay

Quantity Unit Price Total,
Quantity ‘;‘e; Englneer's Average of Low . Dollars
. Estimate of Three Bid Low
of Tunnel § Lowest Bids Bid
) Total Tunnel - 5580 If $220. 00/1f 1,227,600 :

1,645,000,
i
z,s72,soog
!
i

PO,

e e = v
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,Nnme: ) Leamingtonmr Avenue Approximate Date: 1968
Locdtion: Chicago :
Oivner: City of Chicago . - -.
Contractor: Pontarelli and O'Brien
Machinc Manufacturer: :
Shape: Circular '
Length:. 4695 LF '
Bore: 14'=~ 4"
Inside Diamcter: 12'= o
Calculated Volumes: o
Excavation: ' 28,000 CY
Excavation:
Lining: 8,400 CY
Lining: '
Material: Hard silty clay with traces of sand and pebbles
Quantity. | __Unit Price Total
Quﬁ ntity - per Englneer"s Average of Low Dollars
‘ LF Estlmate of Three Bid Low
of Tunnel . Lowest Bids - Bid -
Total Tunnel 4695 1f - |$285.00/1f | 1,338,075;
Other Project 1,582, 0233:
Total P.?oject 2,920,098
{
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Name: Normal Avenue Approximate Date: 1968
Location: Chicago ‘
Owner: City of Chicago
Contractor: -Healy and Kenny
Machine Manufacturer: . -
Shape: Circular
Length: 12,125 LF
Bore: 15' - 6"
Inside Diameter: 13' - 0"
Calculated Volumes:

Excavation: 84,700 CY

Excavation:

L[nlng: 25, 200 CY

Lining: ’ :
Matertat: Silty clay with traces of sand and find gravel

. -Quantity Unit Price Totul
_Quantity - per' Englneer'é " Average of Low - Dollars
) LF Estimate of Three Bid Low
of Tunnel | * ] Lowest Bids ! Bid

~ Total Tunnel 12,125 If $324,00/1f | 3,928,500

F)ther .Project . 341, 415!

Total Project 4,269, 9153

ba e e e A e s 3y

e e ey
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Port Hurdn

Name: ™' Approximate Date: 1969
Locatlon:- Port Huron, Michigan
Owner:" City of Detroit
Contractor: Greenfield Construction Co.
Machine Manufacturer: Lawrence
Shape: ' * Clircular -
Length: 31,960 LF
Bore: 18!
Inside Diameter: 16’
Calculated Volumes:

Excavation: 9.43 CY/LF .

Excavation: 301,400 CY (nearest hundred)

Lining: 1.98 CY/LF

Lintng: 63,300 CY (nearest hundred) :
Material: Antrim shale, fairly intact, compresslve strength 6,000 to 12,000 psl

Quantlty Unit Price Total
; per . 1| Average of Dollars
e R e I I
of Tunnel Lowest Blds Bid
Mobilization LS: ' 350, 000
Clear, Grub - 18
Subtotal

Drill Pilot Holes
Tunnel Excavation
Tunnel Enlargement
Subtotal . -

Steel Sets

Rock Bolts

Timber

Rock Bolt Shapes
Chain Link Fabric
Liner Plate

Other Expansion Bolts
Subtotal

Concrete

Cement

Reinforcing Steel
Subtotal

Drill Grout Holes
Grout Plpe
Grout Connection .
Grout Operation
PAMC
Other

Subtotal

Other Tunnel
Tunnel Total

Other Project
Total Project

3_501 000

0 414 (00
10,414,000

. 3 i
23400,000°

13, 164, 000

618, 000
{12,782, 000

a. Includes supports.

b. Includes grout.
c. Shaft.
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Name: Corridor Interceptro PCk5 Approximate Date: 1970
Location: Detroit
Owner: City of Detroit
Contractor: _ Corridor Constructors
Machine Manufacturer:
Shape: Circular
Length: 14,630 LF
Bore: 15' - 5"
Inslde Diameter: 12' - 9"
Calculated Volumes:
Excavation: : 101,400 CY
Excavation: '
Lining: 31,900 CY
Lining:
Material: Silty clay with traces of sand and gravel
Quantity Unit Price Total
Quantity per Engineer's Average of Low Dollars
LF Estimate of Three Bid Low
of Tunnel Lowest Bids Bid
Excavation and : '
Primary Lining $402,00/1f | 5,881,260
Concrete Lining - 137.00/1f 2,004,310;
Total Tunnel 539.00/1f | 7,885,570
i
Other Project 533, 430 ;
Total Project -8,419, 000 )

!
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Name:

Locatlon:

Owner:

Contractor:

Machine Manufacturer:

Shape:

Length:

Borc:

nside Diameter:

Calculated Volumes:
Fxcavation:
Iixcavation:
Lining:.
Lining:

Matcrial:

Corridor Interceptor PCI-8 Approximate Date: 1970

Detroit
City of Detroit
Corridor Constructors

Circular '
13,033 LF

15' - 5"

12' " 9" -

90,000 CY

28,400 CY

Silty clay with trace of sand and gravel and methane gas

Excavation and
Primary Lining

| Concrete Lining
Total Tunne]

Other Project

Total Project -

Quantity - Unit Price

' per v..| - Average of
ngntlty LF Engineer's of Three

Estlmate . Lowest Bids

Low ~
Bid

Total
Dollars
Low
Bid

of Tunnel
13,033 1f —_— . -+ |s493. 001
13,033 1If ] 137, 00/1f

630, 00/1f

8,765, 000:

6,425,269
i
1,785,521}

8,210, 790

-554, 210

- - ———

!

A-10 |



Name: Corridor Interceptor PC7 . Approximate Date: 1970
Locatlon: Detroit o : '
. Owner: City of Detroit ) .
Contractor: o Michigan Sewer Construction Company
Machine Manufacturer: EE R
Shape: Circular
Length: 13,633
Bore: 15'= 5"
Inside Diameter: 12'= g"
Calculated Volumes:
Excavation: 94,400 CY
Excavatlon:
Lining: 29,700 CY
Lining: : ’
Material: Silty clay with traces of sand and gravel and methane gas
oo Quantity e Unit Price Total
‘ per . Average of L Dollars
Quantlty - |- 1p. E;g:‘l‘;‘;es  of Three I;;:; | Low
: of Tunnel Lowest Bids Bid
Mobilization 180, 000"
Dewatering 420, 288{
. {
Tumel $587.00/1f | 8,002,571}
Total Tunnel - 8,602,859

Other‘ Project

Total Project

374, 906,.-

8,977,765'

|
!
}
i
!

H
!
[
f
t
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Name:

Other Project

Total Project

. Bedford=-Cadieux Relief Sewer ‘ - Approximate Date: 1967
L.ocation: Detroit . : .
Owner: City of Detroit 1 ’
Contractor: Greenfield and Mancini Construction, Inc, .
‘Machine Manufacturer:
Shape: Circular
Length: . 10,791 LF
Bore: 14'= 4"
Inside Diameter: 11'= 0"
Calculated Volumes:
Excavation: 64,500 CY
Excavatton: . .
Lining: 17,850 CY
Lining: : U ’ -
Material : Soft plastic clay with trace of sand and gravel
Quantity | - Unit Price ' Total
L per . Averageof | . Dollars
ngntlty LF E;gi?::t': of Three ' - I}‘;:;, Low
of Tunnel i - | Lowest Bids | . Bid
Total Tunnel ] $164. 00/1£f 1,769,724

1,725, 276;

3,495,000;.

ey

¢
t
¢
i
1
H
¢
H

-
N o ey SR AP R T o0R o

e E— e
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ame:
l.ocation:
Owner:
Contractor:

Machine Manufactutei: .

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes: -

* Excavation:
Excavatlon:

+ Lining:

" Lining:

Materlal:

North Interceptor
Detroit
City of Detroit

Corridor Constructérs.

Circular
5,713 LF
20' - 10"
171‘ - 6"

172,200 CY

21,200 CY

Gray silty clay

Approximate Date: 1970

Excavation and
Primary Lining

. Concrete Lining
Total Tunnel
Other Project

Total Project

Quantity ‘f;

L Quantity

of Tunnel

Unit Price

Engineer's
Estimate

Average of
of Three

Lowest Bids

Low '
‘Bid

~Total

Dollars
Low
Bid

$425. 00/1f

197.00/1f

2,428,025

1,121,521 i

3,549,546
[
335, 454

3,885,000

B T LTS
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" Name: s . Wyoming Relief Sewer Appm:_dmate Date: 1968
! .ocatlon": i Detroit : .

Owner? - City of Detroit

Coniractor: o

Maclince Manufacturer: _

Shape: Circular A
Length: ‘12'~ 6,049 LF  10'~ 4,445 LF

Bore: 14' - 8" & 12'~ Q"
Inside Diameter: . ‘

Calculated Volumes: :
Excavation: ©. 12'~ 37,800 CY

Excavatlon: 10 ~ 18,600 CY
Lining: 12'~ 12,500 CY
Lining: 10'~ 5,690 CY" :
Material: - . Plastic gray sandy clay
Quantity § . , ' Unit Price Total
e per ° 1. | Averageof R Dollars
Quantlty LF E;gt‘;;‘:: of Three ] 1];:: Low
- of Tunnel Lowest Bids ' .. Bid
Tunnel 12! 1 60091 o ' $180.00/1¢ | 1,088,820
Tunnal 10' | 4,445 It b | 15000 684,530
. Total Tusinels g o i 1,773,350
Other Project a o . 973,724
. Total Project o ‘ . - ] 2,747,0741

B
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Name:

Location:
‘Owner:

Contractor:,

Machine Manufactpii'

Shape:

Length:

Bore:

Inside .Diameter:

Calculated Volumes:

Blenheim-Gilboa

New York (Blenheim County)
New York Power Authority -

Perini Company

Circular

15' ~'4@ 1,928 LF
15' - 0" & 32' - O"
12! - 0" & 28' = 0"

32'~ 910 LF

Approximate Date: 1969

Subtotal

Other Project -

Total Tunnels .

Total Project

" ‘Excavatlon: 32' ~ 27,100 CY
Excavation: 15' ~ 50,500 CY
Lining: 32'~ 17,000 CY
Lining: 15'~ 21,000 CY
Material: Interbedded sandstone and shale
Quantity Unit Price - Total
Quantity Per . | Engineer's Average of Low Dollars
L . LF Estimate | _ OF 1uree Bid Low
_ of Tunnel i Lowest Blds Bid
15' Tunnel
"{ Excavation 50,500 cy 6.6 cy .$200. 00/1f 1,542, 000
Concrete Lining 35.00/cy| __735,000
(No Forms) .
Total 2,277, 000
32' Tunnel
Excavation 27,100 cy. 29,7 cy 700.00/1f .637,000
Concrete Lining
(Including Forms) ‘ 55.00/cy 385,000

1,022, 000

3,299,000
63,507,010

66,806, 010

e | e 4
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:
Length:
Bore:
‘Inslde: Diameter:
Calculated Volumes:
Excavation:
Excavatlon:
Lining:
Lining:
Material:

Richmond Tunnel : Approximate Date: 1954
New York (New York County). - :

N. Y. C. ‘Board of Water Supply

Perini Company

_ Circular-

NO DETAILED DATA AVAILABLE

Pegmhtlte schist wlth’feldspar and.@rnet, compressive strepgth
approximately 30,000 psi. ‘

Quantity - Unit Price
Quantlty ;;‘e; " | Engineer's ivfe;:g: e‘°£ I Low
o Estimate ' ~ Bid

of Tunnel Lowest Bids

Total
Dollars
Low
Bid

/_\-_:76
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Name:

lﬁnﬁel Number 3-520 . -Appi‘oximabe Date: 1969

Locatlon: New York (New York County)
Owner: "N, Y.C. Board of Water Supply .
Contractor: Walsh Construction Company
Machine Alanufacturer: None
Shape: Circular
Length: 17,611 LF
Bore: 26' = 10"
Inside Diamcter: 24'- 0"
Caleulated Volumes:. - : ,

Excavation: " 370,000 CY

Excavation: y .

Lining: 73,900 C}(

Lining: o . ‘ . : _ _ . -
Material: Manhattan Schist, intact, compressive strength approximately 30, 000 psi.

N Quantity _ __Unit Price . Total
" . Quantity Per. . | pnglneer's| A~verageof | . o Dollars
1 LF Estimate of Three Bid Low
3 of Tunnel | Lowest Blids 5 ) Bid
Total Tunnel 370,000 cy 21 cy B ' $1916/1f | 33,700, 000 {
1
Other Project 37.300. 000
Total Project QJ_LJLM

e mrwer———cme .




Name: Tunnel Number 3-521 Approximate Date: 1969
Location: New York :
Owner: N. Y.C. Board of Water Supply
Contractor: Walsh Construction Company
Machine Manuficturer: None
Shape: Circular
Length: 31,370 LF
Bore: 26! ~ 10"
Inside Diameter: 24' = 0"
Calculated Volumes:
Excavation: 656,000 CY
Excavation: : .
Lin{ng: '
Materiaf: Manhattan Schist, Intact, compressive strength approxtmately 30,000 psi.
Quantity Unit Price Total ¢
Quantity = | per Engineer's Average of Low Dollars
: v LF Eetlmats | Of Three B Low !
' of Tunnel Lowest Blds : Bid ’
Total Tunnel 656,000 cy ~ 21 cy $1370,00/14] 43,000, ooo“
Other Project - 27, 500, 000} '
Total Project 70, 500, 000}




Total Project

81,000,000

Name: Tunnel Number 3~522 Approximate Date: 1969
Location: New York (New York County)
Owner: N. Y.C. Board of Water Supply
Contractor: _ Walsh Construction Company
Machine Manufacturer:-  None
. Shape: Circular
Length: - 23,151 LF
Bore: 22' - 10"
Inside Diameter: 20' - 0"
Calculated Volumes:
« Excavatfon: - 351,000 CY :
Excavation: '
_ Lining: 82,000 CY
Lining: : g
Material: Manhattan Schist, intact, compressive strength approximately 30,000 psi.
Quantity | Unit Price Total &
Quantity ?1-1“ Englneer;s. Average of Low Dollars |
Estimate | _Of Three Bld Low
b of Tunnel |. ) Lowest Bids Bid
Total Tunnel - 851,000 cy 15 cy $1586,00/1f| 36,700, 000
| Other Project 44,300, 000

AT9
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameceter:

Calculated Volumes:,

Lxcavation:
Tixcavation:
Lining:
Lining:
Material:

West Side Sewer

New York (New York County)
N.Y.C, Sewer Department
Poirer and McLean Company
None

H.S.

4,212 LF

21' - O" .

16' -~ 0 x 16' - 0"

2,468 LF soft ground, 1,744 LF rock

Soft ground and granite

Approximate Date: 1968

Soft Ground Portion
" (12 psi air)

Bond
Plant
Cast Iron
Excavation
Concrete - ‘
Clean-Up
Total

Rock Portion
Bond

Excavation

Concrete

Clean~Up
Total

Total

Quantity Unit Price
N . per R . Average of . Dollars -
Qua.nl-:lt.y LT E;ggx:ﬁ:cs " of Threce I;;i: Tow
of Tunnel | . o Lowest Bids Bid
2,468 If
' - 30/1f 714,000 ;
1840/1f 4,540, 000 |
| s00/1£ 1,234,000 }
3¢55/1f 9,030,000 |
1390/1f 963,000
T5/1 185,000
|e49071¢ - | 16,726,000 :
1,744 20/1f :34,900 .
- |2370/1 4,140,000 .
| 260/1f 454,000,
|_s0/1¢ 87,200 !
2700/1f . | 4,716,100 |

] ——

Lo
H
.
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Name:

Location:

Owner:

Contractlor:

Machine Manufacturer:
Shape:

Length:

Bore:

Insidec Diameter:
Calculaled Volumes:

§3rd Street Subway
New York (New York County)

Metropolitan Transit Authority
Peter Kiemit, Sons Co.

- 4 Cell Box
13140 LF

Approximate Date: 1969

Excavatlon:
Excavation:
Lining:
Lining: - T .
Material: - Partially in Granite and Part Sunken Tube
Quantity “Unit Price  Total
Quantity per Engineer's | - AVerageof Low Dollars
' LF Estlmate | _ Of Lnree Bid Low:
~of Tunnel _ Lowest Bids Bid
Rock Excavation - 95,000 c.y. 100/c.y. | _9,500,000
Subtotal 9,500, 000 .
Steel Supports 425 tons 1000/ton 425, 000 i
' . 462 tons 750/ton 346,500 |
Rock Bolts 125, 000 1bs. . 11.60/1b. 200, 000 *
125,000 1bs. | “|1.40/b. | . 175,000!
Timber Supports 425 MBFM | 600/MBFM ___ 255,000
Subtotal ' ’ | _1,401,500
]
Concrete - 46,800 c.y. 180/c.y. 7,424,000
Subtotal 7,424,000
Grout Connections 820 ea. 90/ea 73,800 '
Grout » . 1,000 bbls, 150/bbl. 150,000 }
Other (Cement) . 1,500 bbls, 70/bbl. 105, 000 |
Subtotal : _ S | 328,800
Rock Tunnel ‘
Total 18,654,300
Other Project . 50,826,620
" Total Project |. 69,480, 920




Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

‘Route 101-13

New York, New York' :
New York City Transit Authority
Cayoga, Johnson, Drake & Piper
None

Approximate Date: 1966

Shape: Box (Approx.)
Length: 3097 LF (2 tubes of 3097 LF)
Bore: 32" x 18 (total)
Inside Diameter: - 14'6" x 14'3" (2 tubes)
Calculated Volumes:
Excavation: 21.33 CY/LF
Excavation; 66,100 CY
Lining: "7.69 CY/LF
Lining: 24,700 CY ,
Material: Granite and injectlon gnelss,
< Quantity
: per Unit . Final
C Quantity LF Price Cost
' “of Tunnel -
Mobilization LS
Clear, Grub LS ;
Drill Pilot Holes , A
Tunnel Excavation 68,795 cy 22.21 53.00 3,646,117
Tunpel Enlargement ' . !
) Subtotal 3,646,117 :
Steel Sets 970,306 lbs 313.31 .15 . 145, 546
Rock Bolts S : .
Timber 97.5 MBM .031 - © 300,00 29,251 ;
Rock Bolt Shapes : - : -k
Chain Link Fabric !
Liner Plate
. Other .

Subtotal 174,797
Concrete 23,201 cy 7.49 72.00 . 1,670,493
Cement : . : S
Reinforeing Steel 117,214 b 37.87 .35 - 41,046

Subtotal : 1,711,539
Drill Grout Holes
Grout Pipe
Grout Connections g , _ .o
Grout Operation 4,067 BBl ) X 16.00 128,907
PAMC ’ T ' .
Other

Subtotal 128,907
Other Tunnel : 0

Tunnel Total ' 5,661,360

" Other Project ‘2,384, 680

Total Project 8, 046, 040

A-82



Name:
lLocation:
Owner:
Contractor:

Machine Manufacturer: .
’ B‘ H‘

Shape: :
Length:
Bore:
Inside Diameter:
Calculated Volumes:
Excavation:
Excavation:
Lining:
Lining:
Material:

Tuscarora

Pennsylvania (Harrisburg County)
Pennsylvania Turnpike Authority
Peter Kiewit, Son Company

Approximate Date: 1965

Predominately shale and sandstone with good tunneling characteristics, some

_very hard quartzite.
ONLY PROPRIETARY CONTRACTOR DATA

Quantity Unit Price
- 'Quantity per Engineer's Averagce of Low
LF : of Three .
; Estimate Bid
of Tunnel

Total
Dollars
L.ow

Bid

-

Lowest Bids'.

A-83




Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:.
Excavation:
Excavation:
Linineg:
Lining:

Material:

Dorchester

Massachusetts (Dorchester County)
Metropolitan District Gomm.

S. J. Grovee Co.

Lawrence Mfg. Co.

Circular

32,880 LF.~

12t-2"

10'-0"

141,700 CY
45,800 CY

Conglo;riérdte and Argillite

Approximate Date: 1968

- Tunnel Excavation '
Subtotal

Steel Support
Subtotal

Concrete Lining ---
Cement
Subtotal

Grout Pipe
Grout Connection
Grouting
Other

(Grout Sand)
Other

(Grout Crete)

Subtotal

Tunnel Total

Other Project
Total Project

Quantity

Unit Price

.

Drilling Grout Holes |

2,0355500

) Total
' per v | Average of Dollars

Quéntlty. . LT E;Et?::t‘es - of Three 1];:; Low

of Tunnel . Lowest Bids ) Bid
32,880 1f 332/LF 250.00/LF|_8, 220,000 .
' | - 8, 220, 000
3,300, 000 Ibs .23/1b .80/1b |.___ 9904000 *
¥ 990,000 :
33,468 If 122/LF 160/LF| 5,354,880
130, 000 bbls 4.46/bbl ©5.00/bbl} _ 650,000 :
6, 004880 :
50, 000 1f 3.70/LF 4.00/LF|* 2002000 :
14,000 If* 2.40/LF 2.00/LF 28,000 |
5,200 ea 22.00/e2 10.00/cy | 52,000
14, 000 cy 83/cy 100/cy | 1,4005000 i
800 cy 2l/cy  -30/cy 18,.000 -
. : . J
' 2,500l " 86/LF 135/LF 337,500 |
L : 5035500 |

17, 250380 |

1,850,005

19, 100;@85_




Name:
Location:
Owner:
Contractor:

Machine Manufacturer: .

Shape:

Length:

Bore: -

Inside Diameter:

Calculated Volumes:.
Excavation:
Iixcavation: ,
Lining:
Lining:

Material:

Contract M0011
San Francisco

Bay Area Rapid Transit District
Peter Kiemit, Sons, Co.

Calweld
. Circular
7000 LF-
18'-3"

‘ 16'-0"

Approximate Date: 1968

Dense Sandy materials with some bay mud. Bay mud is soft silty clay

with varying amounts of organic materlal

Mobilization
Tunnel

Other Tunnel
Liner Plate
(Material Only)

Tunnel Total

Other Project
Total Project

Unit Drice

. Quantity Total
. ’ - H ‘.\ le oo
‘Quantity = - per Engineer's _Avemg‘q'. of Low Dolirs
: , LF Estimate of Three Bid lLow
of Tunnel Lowest Bids . 3id
35/LF 250, 000°
1086 /LF 7,600, 000 .
330/LF 2,300, 000
10,150,000
5,349, 000
15!499! 000 :
v sl a2 Sm———— 1

A-85
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Name:

L.ocation:

Owner:

Contractor:

Machine Manufacturcr:
Shape:

Length:

Bore:

Inside Diametcr:
Calculated Volumes:

Contract K0061
San Francisco

. Approximate Daté: 1968

Bay Area Rapid Trangit District

Circi;lgr
4874 LF
18'-8"
18’

© Excavation: :
Fxcavatjon: - -
Lining: _ .
Lining: , e
Material: Fine 8and and Clay
__ Quantity Unit Price Totnl
Quantity. per Enginecr's Average of 1 Low Dollars
L¥ Estimate - of Three - Bid Low.
of Tunnel Lowest Bids . Bid
Mobilization " 75/LF - 400,000 ¢
Excavation, : o
Supporting & | 1810/LF | 64400,000 |
Lining o o
Invert Concrete 130/LF 1650, 000 }
Other Tunnel ' .
Liner Plate 380/ LF . 1 3 860, 000
{Material Only) S 7
Tunnel Total

8,310,000 !

————




Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:.

Excavation:
Excavation:
Lining:
Lining:
Material:

Contract K0016

San Francisco

Bay Area Rapid Transit Distriot’
Oakland Wye Contractors

Circular

-3260 LF

18'-8"
16'-0"

" Silty Sand

Approximate Date: 1968

Mobilization

Excavation
Supporting &
Lining

Other Tunnel
Liner Plate

Quantity .

Quantﬂty
per
LF

Unit Price

| Englneer's

Estimate

~ Average of
of Three

Low
Bid

Total
Dollars
TL.ow
Jid

(Material Only)

Tunnel Total

of Tunnel

Lowest Bids -

"100/LF

{120/ LF

330/LF

330,000 ;
3, 940, 000 5

i
f

1,080,000

. . »
5, 350! 000

- A8T



Name: Contract M0031
Location: .San Francisco
Owner: Bay Area Rapid Transit District

Contractor:
- Machine Manufacturer:

Shape: Circular -
Length: ‘9030 LF '
Bore: 18'-8" -
Inside Diameter: 16'-0"

Calculated Volumes:.

Morrison-Knudsen, Perini, Brown & Root

Approximate Date: 1968

f.

- e v—————

-

Excavation:
Excavation:
Lining:
Lining: o
* Material: ) Silty and Sandy Clay -
o | Quantity Unit Price Total
Quantity | per - | Englneer's Average of " low Dollars
- LF | Eetimate | - OfThree Bld - Low,
' of Tunnel _ Lowest Bids ‘ Rid
Mobilization 55/LF 500,000
Excavation . o
Supporting & : ) ) _9,71/LF 8,770,000 f
Lining " . !
Invert Conocrete - R 60/LF 550,.000 }
‘Other Tunnel | :
Liner Plate 336/LF 2, 980{ 000 ;
- (Material Only) L :
Tunnel Total 12, 8004,000 ;
Other Project 2,438,000 |
Total Project. 15' 238ﬂ000 :
L
'
-
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Name:
Location:
Owner:
Contractor:
Machine Manufacturer:
Shape:
Length:
Bore:
Inside Diameter:
Calculated Volumes:.
Excavation:
Excavation:
Lining:
Lining:
Material:

Contract B0031
San Francisco

Bay Area Rapid Transit Distric

Cirgular
2800 LF
19'-8"
17'-0"

. Perini Company and Brown & Root Co.

Approximate Date: 1968

Recent Bay Clays with obstructions and back-filled zone under bay.

Mobilization
Excavation,
Supporting &
Concreting
" Invert Concrete

Other Tunnel

" Liner Plate

(Material Only)
Tunnel Total

Other Project
Total Project

. . Quantity Unit Price Total
- Quantity per Englneer’s | Average of Low Dollars
. _ LF Estimate | - . of Threc Bid Low
' J of Tunnel Lowest Bids . Bid
‘ 360/LF 1, 000, 000 .
3550/LF | 9,950,000
70/LF 200, 000 ,
500/LF

;
1,400,000 |

12,550,000 ;

3,243,000 : .

15l7931000 i

¥
i
i
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Namc:
L.ocation:
Owner:
Contractor:

Machinc Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:
Calculated Volumes:.

Contract K0014
S8an Francisco

Bay Area Rapid Transit Distrlct
Oakla.nd Wye Contractors ’

Clroular-_ )
4170 LF

18'-8" & '19' -
16'-0" & 17'_01' _

Approximate Date: 1968

Exeuvation:
Excavatlon: ,
Lining:
Lining: L
Material: Fine Sand and Clay
Quantity Unit: Price ~ Total
. per \ Averageof | - Dollars
Quantl?. y LF Eggz?::t‘: of Three ' I;:;v Low
of Tunnel Lowest Bids . Bid
Mobilization 120/LF 500,000
Excavation, , ,
Supporting & -1206/LF | 5,100,000 ;
Conoreting : : ;
Other Tunnel s i
Liner Plate - 330/LF | 1,400,000
{Material Only) :
Tunnel Total " 7,ddo, 000 -

v nw—— i e
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Name:

|-
S

Contract M0042 Approximate Date: 1968
Location: S8an Francisco
Owner; Bay Area Rapid Transit Distrlct
Contractor:
Machine Manufacturer: Calweld
Shape: Circular
Length: - 3560 LF - -
"Bore: 188"
Instde Diamcter: 16'-0”
Calculated Volumes:,
Excavation:
Excavations
Lining:
Lining: . *
Material: - Fine Sand, Meta Sandstone and Fractured Shale
L Quantity. Unit Price "Total
. Qﬁantlty per Englneer'é Average of_ Low Dollars
o LF Estimate of Three Bid Low
- of Tunnel Lowest Bids Bid
" Mobf{lization 35/LF 120, 000 ;
Excavatfon, v
Supporting & 680/LF 2,450, 000 ;
Concreting '
Invert Concrete 66/LF 230, 000 §
Other Tunnel
Liner Plate 330/LF | 1,200,000 ;
(Material Only)
Tunnel Total 4, 000, 000 !
Other Project 2,137,000
Total Project 6,137,000}
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Name;
Location:
Owner:
- Contractor:
_ Machine Manufacturer:
Shape:
Length:
Bore:
Inside Diameter:
Calculated Volumes:

.

Contract C0041
San Francisco

Bay Area Rapid Transit District
Shea, Kaiser and Macgo o

Circular
32,400 LF
20' = 86:"
17' - 4" A

S

Approximate Date: 1968

Excavatlon:
Excavation:
Lining:
Lining: , ST _
Materlal: Mixed rock strata, part of Franciscan formation.
) Quantity Unit Price - 7 Total
. Qﬁantlty per Englneer's | Average of - Low Dollars
C - LF ) Eotimate | - Of Three Bid Low- &
A of Tunnel ‘| Lowest Bids Bid
Mobilization {20 650, 000
Excavation & o _
Primary Lining - 640/1f - | 20,750,000
" Total Tunnel 21, 400, 000
Other Project 10,253,000 |
Total Project _ 31,653,000 |.

g
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Name: Contract 80022 Approximate Date: 1968
Location: San Francisco .
Owner: Bay Area Rapid Transit District.
Contractor: Morrison-Knudsen, Perini, Brown & Root
Machine Manufacturer; Mining Equipment Manufacturing Co.
Shape: " Circular :
L.ength: 10,230 LF
Bore: 18'-g"
Inside Diameter: 16'-0"
Calculated Volumes: . .
Excavation;
IExcavation: .
Lining:
Lining: - )
Matcrial: - Dense Sand and Clay
_ . Quantity | Unit Price Total
“.. Quantity per Engineer's Average of Low Dollars
LF . Estimate of Threc Bid' Low
of Tunnc) Lowest Bids . Did
Mobilization 100/LF 1, 030, 000 !
Excavation, .
Supporting & 1365/LF | 13,970,000
Concreting -'
Invert Concrete . 60/LF 620,0002
Other Tunnel i
Liner Plate 830/LF | _3,380,000'
(Material Only) : :
Tunnel Total +19, 000, 000
Other Project 2,794, 000g
Total Project 21,794,000,

.

v——— e
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Name:

Location:

Owner:

Contractor:

Machine Manufacturer:

Shape: '

Length:

Bore:

Inside Diameter:

Calculatcd Volumes:
Excavation:
Excavation: .

Contract 80011
San Francisco

Bay Area Rapid Transit Distriot

Circﬂai‘“

. 8272 LF

18'-8"-
16'-0"

Approximate Date: 1968

Lining:
Lining: :
Material: Very Dense S8ands with occaslional clay lenses.
. Quantity Unit Price .. “Total .
Qliantlty per.. Engineef's‘ . Average qf . Low . : Dollars
. LF. Estimate of Three | Bld Low
of Tunnel | Lowest Bids Bid
* Mobilization 80/LF. .500, 000
Excavation, ' : ' .
Supporting & 1205/LF | 7,555,000 '
Lining . _ i
Invert Concrete " 60/LF . | ':375,000 :
Other Tunnei _ :
'Liner Plate - ‘330/LF | 2,070,000 ;
(Material Only) a :
Tunnel Total - 10;500,060 :
Other Project 1,731,000 |
Total Project _ 12! 231I090 v

S
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Name:
Location:
Owner:
Contractor:

Machine Manufacturer:

Shape:

Length:

Bore:

Inside Diameter:

Calculated Volumes:

" Contract M0041 -
San Franciseo:

Bay Area Rapid Transit District

Jarva

Circular

6,876 LF
18' ~ 8"

. 16'= 0"

Appro:dmaté Date: 1968

3.
b

b

Excavation:
Excavatlon:
Lining:
Lining:. :
Material: Met_a sandstone and greenstone
o ' Quantity ‘Unit Price . Total
-Quantlty' ' per . Engineer's " Average of Low Dollars
T A LF Estimate | of Three Bld Low
. . of Tunnel v v Lowest Bids Bid
Mobilization ' N TV 309,000 |
Excavation &
Primary Lining. 790/1 ° |-5,431,000
" Total Tunnel 5,740, 000
Other Project 3,441,000
Total Project 9,181,000

. ———-—
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Contract 80021

-
i

Name: Approximate Date: : 1968
Location: San Francisco- o '
Owner: _ Bay Area Rapid Tmsit District .
Contractor: Delaware V. M. ‘
Machine Manufacturcrs Mining Equipment Manufacturing Co.
Shape: Circular
Longth: 7580 LF
. Bore: 18t-8"
Inside Diameter: 18'-0"
Calculatcd Volumes:
Excavation:
Excavation:
Llnlng:
Lining: L .
Material: Den‘sg.Sands with clay and peat-areas,"
. Quantity | . Unit Price “Total
‘Quantity p:; Engineer's" “ ﬁe;;gseof Low 4 D ;l:“\'ls
L ' Est : » : i
of Tunnel stimate | Lowest Bids B;d Bid
Mobilization 65/LF 500, 000 |
Excavation, A T
Supporting & 1 1080/LF |.- 8,200,000 :
Concreting L I '
Invert Concrete - ; -50/LF 400, 000
Other Tunnel ST ol
- Liner Plate " 830/LF - | , 2,500,000
N b . PR LAt A
(Material Only) S 2 :
Tunnel Total 11,600,000
Other Project. - 2,143,000
Total Project 13,743,000 :

'g_*:

3
h
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Name:
Location:

. Owner:
Contractor:

Machine Manufacturer:

Shape:
Length:
Bore:
Inside Diameter:
Calculated Volumes:
Excavatlon:
Excavatlion:
Lining:
Lining:
Material:
of alteration.

Pitt-MoCloud -

Caltfornia (McCloud County)

Pacific Gas and Electric Comm.ny oo

: Peter Kiewit and Sons Gompany

.Approximate Date: 1965

Generally alternate beds of hard metamorphosed breccia and fine grained red

metasedimentary rock resembling mudstone, shale or slate depending upon degrees':'
ONLY PROPRIETARY CONTRACTOR DATA - :

L .~ | Quantity ' Unit Price Total
- Quantity . PET | Engineer's | Average of Low Dollaza
_ _ _ LF Estimate of Three " pid Low

_of Tunnel : . Lowest Bids - : Bid

F D VU Y e . e
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