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PREFACE 

In 1983 the State of Arizona began a statewide search for a site for tl 
Superconducting Super CoIIider (SSC). By 1984 a site selection working grou 
at the University of Arizona had identified 31 sites along a northwest trendill 
band from New Mexico to California as possible locations for the SSC. Whe 
the U.S. Department of Energy (DOE) issued the Invitation for Site Proposal 
in April, 1987, the State under the auspices of the Arizona Department 0 

Commerce in collaboration with the University of Arizona, Arizona Stat 
University, the Arizona Geological Survey, and many other state agencie 
proceeded to develop full proposals for the Maricopa Site 35 miles southwes 
of Phoenix and the Sierrita Site 25 miles southwest of Tucson. The followin 
report is a copy of the Geology and Tunneling chapter filed with the DOE il 
compliance with the Invitation for Site Proposals. The other volumes tha 
comprise the full site proposal are available for inspection at the Arizonl 
Geological Survey library and at the Special Collections library of thl 
University of Arizona Main Library. 

Figures 3-1 and 3-2 are not included in this report because of their great size 
however they are available for inspection in the copy of the full proposal al 
the above locations. Figures 3-4 through 3-8 and 3-12 have been provided a! 
photographically reduced versions in this report; full-size copies are availablE 
from the Arizona SSC Project. 

Many people beyond those listed as contributors helped ease the difficult task 
of proposal writing and preparation. In particular, Nita Haddock and Margaret 
Schmidt typed, formatted, and produced this volume. A special thanks goes to 
Ms. Haddock for her tireless efforts to assure the production of Volume 3 in 
time for submission to the DOE. Mr. Ian Macpherson, Arizona SSC Project 
Coordinator, Dr. Peter Carruthers, Chairman of the Arizona SSC Technical 
Committee, Dr. Richard Jacob, Deputy Chairman of the Technical Committee, 
and Mr. Donald Morris, Project Manager all provide valuable insight and 
support to see this effort to completion. Finally, a special thanks goes to Dr. 
Larry Fellows, State Geologist, who allowed the senior author to participate in 
this program. 

John W. Welty 
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VOLUME 3. GEOLOGY AND TUNNELING 

3.1 GENERAL 

3.1.0 SUMMARY 

The geologic setting of the Maricopa Site is very favorable for rapid and cost­
effective construction of the SSC facility. To correlate geology with tunneling 
construction methods, the collider ring was divided into ten Construction Units 
(Table 3-1). A Construction Unit may include several different rock types 
with varying support requirements but uses a single tunneling construction 
method. In some units tunnel excavation and lining will be accomplished ex­
clusively by tunnel-boring machine (TBM) systems (see Section 3.5.4.2). In 
other units either proven cut-and-fill methods or TBM may be used depending 
upon the depth of the ring below ground surface (see Section 3.5.4.1). The 
ideal geologic conditions not only allow construction of the coIlider ring in a 
near surface plane tilted 0.3 0 from the horizontal, but also provide considerable 
flexibility for relocation of the proposed ring alignment or for location of future 
additions to the facility if desired by DOE. The injector complex, experimental 
chambers, and future facility additions can be built with cut-and-fill methods. 
Construction problems are not anticipated from geotechnical factors such as 
collapse-susceptible soils, seismic events (natural or man made), ground water, 
regional subsidence, expansive clays, or naturally-occurring gases (see Section 
3.2.4). 

The Maricopa Site area has been studied extensively by the Arizona SSC Project 
team. The proposed ring alignment passes through approximately 18 miles of 
bedrock in the Maricopa Mountains and 35 miles of indurated alluvium (fanglom­
erate) on the pediments and in the basins surrounding the mountains. The 
bedrock consists of a Precambrian granitic basement and Tertiary sedimentary 
and volcanic rocks (see Section 3.2.3). Fanglomerate is a unique material that 
has uniform engineering properties similar to those of a sandstone. It is ideal 
for rapid construction of tunnels using TBM or cut-and-fill excavations (see 
Sections 3.5.2.1, 3.5.4.1, and 3.5.4.2). The geologic setting is simple, predictable, 
and none of the geologic materials identified at the site are expected to pose 
construction problems for the ring tunnels, injector complex, shafts, experimental 
chambers, or conventional structures. The Maricopa Site has rock or fanglom­
erate as foundation materials throughout and offers ideal foundation conditions 
for all SSC structures. There .is no uncertainty associated with the prediction 
of time-dependent settlements for sensitive instruments or differential settlements 
between various structural elements (see Section 3.2.4.1). 

All of the proposed SSC ring path lies in unsaturated materials; therefore con­
struction problems related to water inflow will not exist. The geohydrologic 
setting of the Maricopa Site consists of a dense impermeable bedrock that forms 
shallow pediments shouldering the basin margins and more permeable basin-fill 
deposits (see Section 3.3.1). Although ground-water data are sparse over the 
tunnel extent, experience with other southwest alluvial aquifers and available data 
suggest that the aquifers surrounding the Maricopa Site have a predictable and 

State of Arizona. Maricopa Site. September 2. 1987 Volllme 3, Page 1 



TABLE 3-1 
SUMMARY OF MARICOPA SITE CONSTRUCTION UNITS 

CONSTRUCTION UNIT GEOLOGY 1 CONSTRUCT! ON2 GEOTECHNICAL 
METHOO CONTINGENCY 

Fanglomerate Weak Rock TBM 10% 
(Mile 52.2 to 5.0) 

2 Fanglomerate Cut-and-Fill 5% 
(Mile 5.0 to 12.8) 

3 Granite and Mixed Rock TBM 15% 
(Mi le 12.8 to 15.3) Fanglomerate 

4 Granite and Mixed Rock TBM 15% 
(Mile 15.3 to 21.3) Fanglomerate 

5 Volcanic and Mixed Rock TBM 20% 
(Mi le 21.3 to 28.3) Sedimentary Rocks 

6 Fanglomerate Weak Rock TBM 5% 
(Mile 28.3 to 37.4) 

7 Fanglomerate Cut-and-Fill 5% 
(Mile 37.4 to 41.5) 

8 Granite and Mixed Rock TBM 15% 
(Mile 41.5 to 45.0) Fanglomerate 

9 Granite Hard Rock TBM 10% 
(Mile 45.0 to 42.2) 

10 Fanglomerate Weak Rock TBM 5% 
(Mile 35.5 to 43.5) 

1 Geologic descriptions are qualitative only, 
detailed descriptions are provided in Section 3.2.3. 

2 Construction methods are described further in Section 3.5.4, 
TBM = tunnel-boring machine. 
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consistent water-table gradient in areas of little or consistent pumping. Season­
ally, ground-water levels remain fairly constant because of low aquifer recharge 
rates. On-site ground water is not being considered for use in supplying SSC 
needs. The Vekol Valley, approximately 11 miles south of the campus area, is 
the optimal ground water source in the region, with an estimated reserve of 
3.1 million acre-feet (one acre-foot equals 325,800 gallons) of recoverable water. 

The Maricopa Site is not affected by the principal western seismic belts (see 
Section 3.4). Arizona has not experienced a seismic event of magnitUde 5.0 or 
greater since 1910, when instrumental monitoring of seismic events commenced. 
None of the known faults at the site has surface ruptured within the past five 
million years, nor are the shear zones of any of the faults that intersect the 
ring alignment expected to pose construction problems. 

The rock types identified at the Maricopa Site are all amenable to efficient 
and cost-effective tunneling by a conventional TBM (see Section 3.5.4). TBM 
advance rates in these rock types have been estimated to be between 120 and 
205 feet of completed tunnel per day at costs ranging from $560 to $810 per 
foot. Construction of the ring in the fanglomerate may be accomplished either 
by TBM at depths greater than 80 feet or by proven cut-and-fill techniques at 
depths shallower than 80 feet. Cut-and-fill advance rates in the fanglomerate 
will be approximately 100 feet of completed tunnel per day at a cost of $450 
per foot. 

A heavy construction cost and scheduling model based on site specific data was 
used to estimate costs and to develop construction schedules. This model con­
sidered all major construction elements (collider ring, injector complex, shafts, 
and experimental chambers). Site estimates encompass about 81% of construction 
costs. Furthermore, the model demonstrated that construction of the SSC facility 
at the Maricopa Site, when contrasted to DOE generic models, will provide DOE 
with sufficient cash flow and schedule flexibility to realize a 22% savings in 
project costs. In addition, the model predicted that SSC construction, when 
contrasted to DOE generic model "C", can be shortened by two years if built at 
the Maricopa Site (see Section 3.5.4.6). The Maricopa Site can meet or exceed 
all major "Beneficial Occupancy" goals as defined in the Conventional Facilities 
Report. 

In addition to the tunneling and underground construction advantages offered 
by the geologic setting, the Maricopa Site has other site-specific advantages. 
For example, a copper mine in the region has existing waste dumps on which 
the SSC spoils material may be disposed of without degrading the environment 
(see Section 3.5.5). All of the proposed SSC ring path lies in unsaturated mat­
erials; therefore construction problems related to water inflow will not occur. 
Near-surface construction with cut-and-fill methods for experimental facilities 
will allow future construction to take place without interfering with on-going 
operations at the completed Maricopa SSC Site. 

The Maricopa Site thus possesses the following excellent characteristics for 
efficient and cost-effective construction of all components of the SSC project: 
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o 

o 

o 

o 

o 

o 

o 

o 

o 

A nearly horizontal collider ring with both the experimental chambers 
and injector complex close to the ground surface. 

A simple geologic setting that will allow for the maximum flexibility in 
construction techniques and scheduling, and a low geotechnical contin­
gency. 

An estimated two-year savings in construction schedule and a 22% cost 
savings, when contrasted with DOE generic model "C." 

Construction in unsaturated materials entirely above the ground-water 
table. 

Low seismic risk and a very low probability of seismic disturbance 
during the lifetime of the project. 

Spoils disposal sites that will not disturb the local environment. 

A broad local base of construction resources and the infrastructure 
needed to complete a project the size of the SSe. 

An available labor force trained and experienced in the proposed con­
struction methods. 

A superb climate that allows construction 365 days a year. 

3.1.1 LOCATION OF THE MARICOPA SSC FACILITY 

The Maricopa SSC Site circles the Maricopa Mountains in Maricopa County, 35 
miles southwest of Phoenix. The proposed alignment (Figure 3-1) encircles the 
southern Maricopa Mountains and passes through the northern Maricopa Moun­
tains. The center of the SSC facility is located at 320 58' 14"N latitude and 
1120 23' 53"W longitude. The major axis of the collider trends N4°W. The 
proposed locations for the injector complex and campus area are on the east 
side of the collider ring with the injector complex lying north of. the campus 
area, in order as to take maximum advantage of proximity to Phoenix and to the 
infrastructure needed for efficient construction and operation. The highest 
elevations in the Maricopa Mountains are approximately 3,100 feet falling to 
1,150 feet in the adjacent intermontane valleys. Surface elevations along the 
proposed SSC path range from 1,170 to 2,300 feet. 

The topography of the current alignment allows for the greatest ease of access 
and most cost-effective construction for all SSC facilities. It also permits 
considerable flexibility for future changes in final design. The site can poten­
tially accommodate a larger or smaller ring, a ring with a different orientation, 
a ring with a different center elevation, or a ring with different tilt attitudes. 
Moderate lateral displacements, up to 0.5 miles to the south, and up to one 
mile in all other directions, can be accommodated with little sacrifice of the 
site's advantages. Modification of the tilt of the SSC plane also can be accom­
modated with negligible changes in the site's construction qualities. 
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Figure 3-1 is a collection of eight 7.5' quadrangles 
with the proposed Maricopa sse site plotted on 
them. They are not included with this report. 
Please refer to the original proposal to examine 
them. 



3.1.2 PROFILE OF THE MARICOPA SSC ALIGNMENT 

Figure 3-2 shows a profile of the Maricopa SSC alignment. The SSC plane has 
been positioned with a 0.30 degree tilt to the southwest. It passes close to 
the surface in the eastern and western sections of the ring path and passes at 
greater depths beneath the surface in the northern and southern sections of 
the ring. The plane is within 100 feet of ground surface at the east campus 
area and injector complex; whereas it is within 80 feet of ground surface at 
the west experimental campus. For this reason the Maricopa Site allows the 
use of conventional and low-cost construction techniques in both the eastern 
and western campus locations (see Section 3.5.4). 

3.2 GEOLOGY 

3.2.1 MARICOPA SSC SITE GEOLOGIC OVERVIEW 

Previous geologic studies of the Maricopa Mountain region are rare. The first 
reconnaissance geologic map of the area was completed in 1987 at the request 
of the Arizona SSC Project (Cunningham tl ru.., 1987). Prior to this the Mari­
copa Mountains had been discussed only in a cursory fashion as part of regional 
efforts of the U. S. Geological Survey (Ross, 1923; Kahle et al., 1978; Hollett 
and Garrett, 1984; Peterson et ru.., 1985) and the Arizona Geological Survey 
(Wilson et ru.., 1957; Morrison, 1984). The following descriptions and conclusions 
are drawn from these sources as well as from independent studies carried out 
by Arizona SSC Project team members. 

The Maricopa Mountains are composed predominantly of Proterozoic plutonic 
and metamorphic rocks (Figure 3-3). The oldest rock unit, Proterozoic Pinal 
Schist, occurs in the southern Maricopa 'Mountains. The schist has been intruded 
by Proterozoic granitic rocks, of which most of the range is composed. The 
plutonic rocks consist of two separate granitic plutons and a dioritic pluton. 
A sequence of Tertiary sedimentary and volcanic rocks overlies the Proterozoic 
basement in the southeastern corner of the range. No Paleozoic or Mesozoic 
lithologies are recognized in the Maricopa Mountains. 

The Pinal Schist occurs as a northeast-trending strike belt and as isolated pen­
dants of higher metamorphic-grade schists which are in fault contact or intrusive 
contact with the younger Proterozoic plutons. The Pinal Schist generally consists 
of fine- to medium-grained biotite-muscovite quartzo-feldspathic schist. Within 
the Pinal Schist are concordantly intruded pegmatite dikes of Precambrian(?) 
age. 

The Proterozoic granites consist of an older medium- to coarse-grained por­
phyritic granite which is intruded by dikes and irregular masses of leucocratic 
medium-grained granite. The dioritic pluton is generally a mesocratic biotite­
hornblende tonalite to quartz diorite. All three Proterozoic plutonic rock types 
range from undeformed to well foliated. Within the central region of the range 
several small Proterozoic gabbroic bodies occur within the porphyritic granite. 

State of Arizona. Maricopa Site. September 2. 1987 Volllme 3. Page 5 



Figure 3-2 is a seven-foot long topographic profile 
of the sse site and has not been reproduced for this 
report. Please refer to the original proposal to 
examine this figure. 
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The Tertiary sequence consists of a gently southwest-dipping stack of sedimentary 
and volcanic rocks that form an asymmetric southeasterly plunging trough that 
disappears beneath younger sediments. The lowermost unit consists of a poorly 
sorted dominantly granite-clast conglomerate that was derived from Proterozoic 
basement. Field relations suggest that the basal conglomerate is in depositional 
contact with the basement. Above the lower conglomerate lies a sequence of 
dense to highly vesicular basalt flows. Above the basalt occurs a granite- and 
schist-clast conglomerate unit that contains smaller clasts than the basal con­
glomerate. This middle conglomerate unit locally contains a basal sandstone 
and is intercalated with locally great thicknesses of vesicular basalt. A welded 
tuff overlays the middle conglomerate along an angular unconformity and is 
probably unconformably overlain by an upper conglomeratic unit that is polylith­
ologic and contains local interbeds of tuffaceous sandstone and basalt. The 
thickness of each unit has not been measured, and may vary considerably. The 
total thickness of the Tertiary section is in excess of 1,250 feet. 

Structures recognized in the Maricopa Mountains include brittle faults, mylonitic 
and/or cataclastic shear zones, metamorphic foliations and lineations, and bedding 
in the Tertiary units. More specifically, northwest- or northeast-trending mylon­
itic and/or cataclastic shear zones are locally common within the two Proterozoic 
granites, especially near their mutual contacts; however, only a few of these 
zones are wider than 10 feet. In the southern Maricopa Mountains brittle faults 
containing up to' 10 feet of breccia and gouge occur along two separate fault 
systems. The western fault is a Precambrian m~'lonite zone that contains gouge 
evidencing Tertiary reactivation and places Proterozoic porphyritic granite against 
Pinal Schist. The eastern fault system consists of multiple splays that juxtapose 
Tertiary conglomerates against Pinal Schist. 

Foliation attitudes within the Proterozoic basement, although not systematically 
studied, generally strike northeast and dip steeply (>60°). In the center of the 
range northwest-striking attitudes associated with northwest-trending mylonitic 
shear zones also are found. Lineations in the plane of foliation generally trend 
north-northwest and sense of shear, where determined, indicates southeast side 
up. No major folds occur in the range, but small-scale folds are common in 
the Pinal Schist. 

The Proterozoic plutonic units are believed to have intruded approximately 1.7 
Ga (billion years) ago and were subjected to a Proterozoic deformational eYent 
which imparted a metamorphic foliation and mylonitic shear zones into the 
plutons sometime between 1.7 and 1.4 Ga ago (Reynolds, 1987). 

In much of Arizona, the Paleozoic Era was characterized by transgression of 
broad epicontinental seas that covered the region and deposited thick sequences 
of marine sediments. No record of this event is preserved at the surface in 
the Maricopa sse region, but it is remotely possible that Paleozoic sedimentary 
rocks may be buried deeply in the basins beneath alluvial cover (Peirce et al., 
1970). Similarly, Mesozoic plutonic, volcanic, and sedimentary rocks, which 
occur commonly throughout Arizona and represent Jurassic and Laramide orogenic 
events, are not found on the surface or in the subsurface in the site region, 
but may occur deeply buried beneath basin-fill (Peirce et al., 1970). 
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In southern Arizona, crustal extension occurred in the middle Tertiary at both 
deep and shallow crustal levels. In late Tertiary time, extension formed block 
faults during the Basin and Range disturbance. This event, which is responsible 
for the present physiographic character of the area, was characterized by mostly 
east-west extension occurring along north-south-trending normal faults. Accom­
panying regional extension was widespread silicic and basaltic volcanism. In 
addition, thousands of feet of clastic sediments were deposited in the basins 
between the fault-bounded ranges (Scarborough and Peirce, 1978). Basin and 
Range extension ceased in the Maricopa region in the Late Tertiary probably 
prior to 5 Ma (million years) ago. Since then, the region has undergone very 
little tectonic activity (see Section 3.4). The Maricopa Site area is now charac­
terized by eroding mountain fronts, extensive pediment development, and an 
integrated drainage system, all signs of a tectonically quiescent region. 

3.2.2 GEOLOGIC PROFILE OF THE MARICOPA SSC SITE 

Geologic mapping of the Maricopa Mountains is available at the scales of 1:62,500 
(Cunningham et aI., 1987) and 1:375,000 (Wilson et al., 1957). Figure 3-4 is 
presented at a scale of 1:62,500. Figure 3-5 is a geologic cross-section derived 
from Figure 3-4. The geologic features portrayed in Figures 3-4 and 3-5 are 
discussed in Section 3.2.3. 

3.2.3 SITE-SPECIFIC GEOLOGY OF THE MARICOPA SSC SITE 

The geologic setting of the Maricopa SSC Site consists of approximately 18 
miles of bedrock and 35 miles of indurated alluvium along the ring alignment. 
The bedrock consists of 10 miles of Precambrian granite and quartz diorite and 
eight miles of Tertiary sedimentary and volcanic rocks. The alluvium contains 
chiefly fanglomerate, with near-surface, thin deposits of sand and silt. Fanglom­
erate describes locally conglomeratic alluvial fan deposits cemented by calcium 
carbonate. The ring alignment does not cross any known faults, and the few 
mylonitic shear zones in the granite that the ring intersects do not pose any 
reactivation hazards or construction problems. 

For purposes of this proposal, the site-specific geology of the Maricopa SSC 
alignment is most usefully described in terms of Construction Units (CUs). 
Lithology, structure, geotechnical characteristics, topography, and construction 
method alternatives serve to define the length and number of CUs (Miller et 
aI., 1987). Table 3-2 summarizes the geographic extent of individual CU$c, the 
geologic conditions anticipated within each CU, a compilation of known seismic 
velocities, and the SSC facilities present within each CU. (See also Figures 3-
4 and 3-5). Compressional wave velocities from seismic refraction profiles provide 
an accurate and rapid means of characterizing cemented basin-fill sediments. 
This method was used to investigate fanglomerate along the ring alignment (see 
Section 3.5.2.1). Sections 3.2.3.1 through 3.2.3.8 provide detailed geologic des­
criptions for each CU derived from the regional geologic relations discussed in 
Section 3.2.2 and field examinations. 
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TABLE 3-2 
GEOLOGIC SUMMARY OF MARICOPA SITE CONSTRUCTION UNITS 

MILEAGE EXPECTED GEOLOGIC APPROXIMATE 
FROM TO FEATURES SEISMIC VELOCITY 

IN FEET/SEC . 

52.2 52.8 "Older" Fanglomerate 6,900 . 11,000 

0(52.8) 5.0 Variably cemented clayey 
to gravelly sands and 

s i l ts , ( "younger" 2,800 - 4,000 
fanglomerate) . 

5.0 6.0 Variably cemented clayey 2,800 - 4,000 
to gravelly sands and 

sitts, ("younger" 
fanglomerate). 

6.0 12.8 Gravelly sands grading to - 3,000 
silty sands ("younger" 

fanglomerate) . 
Basement imaged at 2,150 ft. - 13,000 

12.8 14.2 Booth Hills quartz diorite - 12,000 

14.2 15.3 Variably cemented silty 2,000 - 3,000 
sands ("younger" 
fanglomerate). 

15.3 16.3 Variably cemented silty 2,000 . 3,000 
sands ("younger" 
fanglomerate). 

16.3 16.9 Booth Hills quartz diorite. 

16.9 20.5 Variably cemented silty 2,500 . 3,000 
sands ("younger" 
fanglomerate). 

20.5 21.3 Porphyritic granite. 

SSC FACILITIES 

Shafts E2, E3, and F2 

Shafts E1, F1 and F10 

Experimental Chambers K1 
and K2, and the Injection 

C~lex. 

Shafts F10 and F9 
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(Section 3.2.3.4) 

6 

(Section 3.2.3.5) 

7 

(Section 3.2.3.5) 

8 

(Section 3.2.3.6) 

9 

(3.2.3.7) 

TABLE 3-2 
GEOLOGIC SUMMARY OF MARICOPA SITE CONSTRUCTION UNITS 

MILEAGE EXPECTED GEOLOGIC APPROXIMATE SSC FACILITIES 
FROM TO FEATURES SEISMIC VELOCITY 

IN FEET/SEC. 

21.3 25.5 Granite-clast and Shafts E8, E9, and F8 
polylithologic conglomerates; 

flow-foliated basalts; 
limestone; expect rapid 

lateral lithologic changes. 

25.5 28.8 "Older" Fanglomerate - 6,000 

28.8 37.4 "Younger" and "Older" 3,700 - 8,500 Shafts E6, E7, F6, 
Fanglomerate and F7 

37.4 39.0 "Younger" and "Older" 3,700 . 8,500 Experimental Chambers 
Fanglomerate K3, K4, K5, and K6, 

and Shaft F5. 

39.0 41.5 "Younger" 2,500 - 4,000 
Fanglomerate 

41.9 42.9 Porphyritic granite. Shaft E5 

42.9 45 "Older" Fanglomerate - 7,700 

45.0 52.25 Porphyritic granite Shafts E4, F3 and F4 



\. 

( 

3.2.3.1 Construction Units! and l (Mile 52.2 to 5; mile 5 to 12.8). The ring 
passes through fanglomerate in most of these two CUs. Six separate seismic 
refraction profiles along this length indicate that the upper 655 feet of fanglom­
erate consists of a two-layer system with the upper 250-300 feet consisting of 
indurated fine sandy or locally clay-rich silts with compressional wave veloc­
ities between 2,800-4,000 ft/s. The lower unit consists of indurated, poorly 
sorted sandy gravel with compressional wave velocities between 6,900 and 11,000 
ft/s. Near mile 4.5 a 6.5-inch hollow stem auger hole was drilled to sample 
the upper silts. The hole, borehole MA-3, was drilled to a depth of 32 feet, 
where it bottomed in cobbles or a boulder. Therefore, borehole MA-3A was 
drilled to a depth of 60 feet, 100 yards to the southwest of MA-3. The composite 
section derived from logs of both holes shows the profile to consist of 12% 
silty clay, 5% sandy silt, and 83% clayey to granlly sand (visual classification). 
The predominance of sandy lithologies and the nearly ubiquitous presence of 
fine gravel is probably due to the proximity of MA-3 and MA-3A to bedrock. 
Thin interbedding and textural characteristics of the sediment suggest an alluvial 
fan. 

At mile 8.25 a 42-inch large-diameter auger hole, MA-2, was drilled to a depth 
of 70 feet. Visually classified sediments consist of 9% clay, 34% silt, 43% silty­
sand and 14% sand. The generally finer grained character of this sediment 
compared to that encountered in boreholes MA-3 and MA-3A, the presence of 
abundant mica, and the paucity of gravel suggest a lower energy deposition 
overall and greater distance from bedrock. General fining of sediments basinward 
has been observed in many basins throughout Arizona (Scarborough and Peirce, 
1978). These sediments probably represent distal alluvial fan and intermittent 
stream overbank deposits. 

Near mile 6 the ring passes 500 feet south of a Proterozoic porphyritic granite 
ridge. The granite might intersect the ring alignment although the subsurface 
geometry of the granite-fanglomerate contact is not well known. The granite 
is a gray to brownish-tan, medium- to very coarse-grained porphyritic biotite 
granite. Potassium feldspar phenocrysts in the coarsest phases average one to 
two inches in length. The granite ranges from undeformed to well-foliated 
although the vast majority of outcrop exposures are weakly to moderately foliated. 
Foliation is commonly best developed along zones where the porphyritic granite 
is intruded by a younger leucocratic muscovite-biotite granite. A mylonitic 
fabric is locally well developed. 

3.2.3.2 Construction Unit l (Mile 12.8 to 15.3). At mile 12.8 the ring alignment 
passes ·into the Booth Hills which consist of mesocratic, fine- to medium-grained 
biotite-hornblende quartz diorite. Locally, epidote is present along fractures 
and replaces biotite and hornblende. Conspicuous 0.5- to 0.75-inch quartz eyes 
are characteristic of this unit. 

At mile 14.2 the ring leaves the Booth Hills and enters a zone of fanglomerate 
and shallow bedrock. The bedrock is expected to be a subsurface projection 
of the Booth Hills quartz diorite. This was verified by Borehole MD-3R which 
was diamond-drilled through 120 feet of homogeneous Booth Hills quartz diorite 
near mile 14. The fanglomerate consists of cemented sands, silts and granls. 
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Seismic refraction surveys indicate compressional wave velocities of 2,000-3,000 
ft/s. 

In order to obtain data on the stratigraphy of the fanglomerate adjacent to 
bedrock outcrops, a 6.5 inch hollow-stem auger hole, MA-l, was drilled near mile 
15 to a depth of 76 feet. Refusal was encountered in cemented gravel or cobbles. 
Visual classification of the sediments show that they consist of 34% sandy clay, 
and 66% clayey or silty sand. Interbedded clayey sands and sandy clays, with 
few silty units, suggest the possibility of a succession of buried paleosols. 
This type of sequence is what might be expected in thin, pediment-mantling 
deposits where a long stable period of basin-fill is represented by only a few 
feet of sediment. Thicknesses above the pediment range from 150 to 0 feet, 
and probably vary abruptly over buried topographic features developed on the 
pediment. 

3.2.3.3 Construction J.Lnti ~ (Mile 15.3 to 21.3). The ring continues to traverse 
fanglomerate, probably shallowly floored by Booth Hills quartz diorite until 
mile 16.3. From mile 16.3 to 16.9 it reenters Booth Hills quartz diorite. To 
mile 20.5 the ring passes largely through fanglomerate. Depth to bedrock is 
poorly defined for this segment of the ring path, however, and the ring could 
pass into bedrock. Basement in this area may be Pinal Schist, porphyritic granite, 
or Booth Hills quartz diorite. The fanglomerate here consists of cemented 
sand and silts derived from eroded porphyritic granite, Booth Hills quartz diorite, 
and Pinal Schist. A seismic line 0.8 miles west of mile 17.6 indicates that the 
fanglomerate has compressional wave velocities of approximately 2,500 ft/s. At 
mile 20.5 the ring enters porphyritic granite and remains in granite until the 
end of the CU. 

Porphyritic granite is described in CUs 1 and 2 (Section 3.2.3.1), and Booth 
Hills quartz diorite is described in CU 3 (Section 3.2.3.2). The Pinal Schist is 
a fine- to medium-grained biotite-muscovite quartzo-feldspathic schist with a 
generally strong foliation coincident with lithologic layering and a penetrative 
lineation in the plane of foliation. The rock unit is medium gray to brownish­
gray, and muscovite up to 0.5 inches in size is common. Pinal Schist is con­
cordantly intruded by abundant muscovite pegmatites. Locally, the pegmatites 
are so common that the rock appears migmatitic. Deformation within the Pinal 
Schist is easily observed at the outcrop scale; minor folds, fold boudins, intrafolial 
folds, and sheared-out chevron folds occur locally. 

3.2.3.4 Construction Unit S. (Mile 21.3 to 28.8). The ring passes from the por­
phyritic granite of CU 4 into a Tertiary sequence of volcanic and sedimentary 
rocks. It will first enter into a poorly sorted granite-clast conglomerate. 
This unit lies depositionally upon basement and varies laterally in thickness. 
Clasts are typically one inch in diameter, but can be as large as three feet. 
Clasts are subangular to subrounded, and cemented by a dark red, locally arkosic, 
quartzose cement. Tuffaceous sandstone subunits occur locally within the lower 
sections of the basal conglomerate. Lying depositionally above the basal con­
glomerate is a thick sequence of dense to vesicular black to medium-gray olivine 
basalts. Flow foliation is common in the basalts. Above the basalt is the middle 
conglomerate unit which is predominantly composed of clasts of all Precambrian 
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basement lithologies in a quartzose cement. Within the middle conglomerate 
are intercalated basalt flows and a thin, very fine-grained, thinly laminated, 
lacustrine(?) limestone. The middle conglomerate is unconformably overlain by 
a reddish-gray massive welded tuff that is horizontally and vertically fractured. 
Above the welded tuff is the upper conglomerate that is polylithologic and also 
contains subunits of basalt flows and tuffaceous sandstone. Clasts in the upper 
conglomerate are generally two to five inches in diameter with a few clasts up 
to 20 inches. The clasts are matrix supported in a dark red quartzose to calcar­
eous cement. 

Core from diamond drillhole MD-1R, located one mile southeast of mile 23.5, sug­
gests that thickness and facies variations are expected within the Tertiary 
rock sequence. This hole penetrated 1,250 feet of volcanic and sedimentary 
rocks and did not reach basement. According to drillhole information, the upper 
conglomerate is 250 feet thick and underlain by 350 feet of basalt flows. Two 
hundred fifty feet of middle conglomerate lie beneath the basalts. Separating 
the middle and basal(?) conglomerates is 200 feet of basalt. Drilling ceased 
after 200 feet of basal(?) conglomerate was sampled. 

The entire Tertiary sequence strikes approximately N45°W and dips gently to 
the southwest. The Tertiary basin is an asymmetric trough that plunges gently 
to the southeast. No faults are known to occur within the Tertiary section, 
but the basin is, 10calIy, in fault contact with the Pinal Schist to the west. 

At mile 25.5 the ring passes from the Tertiary rock sequence into the fanglom­
erates of the Bosque ValIey. The fanglomerate there is composed primarily of 
eroded granite and is expected to consist of cemented sands, silts, and fine­
grained conglomerates. 

3.2.3.5 Construction Units §. and 1 (Mile 28.8 to 37.4; mile 37.4 to 41.5). For 
the entire length of CUs 6 and 7 the ring passes through fanglomerates of the 
Bosque VaHey. Three separate seismic refraction profiles along this length 
indicate that the fanglomerate has compressional wave velocities varying from 
3,700 to 8,500 ft/s. The fanglomerate is expected to consist of sands, silts, 
and fine gravels. Northeast of mile 31 a reverse circulation rotary borehole, 
MD-6, penetrated 258 feet of material identified visually as sandy clay and 
silty sand. No groundwater was encountered. Approximately 39% of the sedi­
ments were classified as fine sandy clays and 60% as silty fine sands. A trace 
of gravel is found as thin lenses. All sediments in Borehole MD-6 are weakly 
to moderately lime cemented. This overall fine-grained character shows that 
sediments of the upper basin-fill become finer to the southeast in the Bosque 
Basin and to the west, toward Gila Bend. The fine-grained character of these 
sediments, coupled with the presence of thin lenses of gravel, suggest that 
they were deposited as overbank flood sediments or as playa or playa-edge 
sediments. The lateral extent of these fine-grained sediments is currently un­
known. 

At mile 39.5, Borehole MA-6 penetrated 70 feet of indurated sediment, consisting 
of 4% silt, 66% silty or clayey sand, and 30% sandy gravel (visual classification). 
The ubiquitous presence of varying amounts of gravel in all units of Borehole 
MA-6, the extremely poor sorting of sediments, and the vertical variability of 

State of Arizona. Maricopa Site. September 2. 1987 Volume 3. Page 13 



sediment textures suggest that Borehole MA-6 penetrated intermittent channel, 
sheetflood, and overbank deposits in the medial portion of an alluvial fan. 
Sand and gravel deposits between 12 and 33 feet in thickness probably represent 
intermittent channel deposits. Clayey sands probably represent mixed sheetflood 
and overbank sediments, possibly with some accumulation of paleosol clays. 

At mile 41, a 42-inch large-diameter auger hole (MA-5) penetrated 70 feet of 
cemented silty to gravelly sand. The extremely poor sorting of these deposits, 
which range in grain size from clays to cobbles, the apparently local derivation 
from granitic source rock, and the general lack of vertical variability suggest that 
Borehole MA-5 penetrated intermittent channel and sheetflood deposits on the 
proximal portion of a small alluvial fan. The lower percentages of gravel here 
may be accounted for by provenance. The granitic bedrock appears to weather 
more readily than the metamorphic source rocks of Borehole MA-6 because of 
the granite's mineralogical composition and larger grain size. 

3.2.3.6 Construction Unit 8. (Mile 41.5 to 45.0). At mile 41.5 the ring enters 
porphyritic granite and returns to fanglomerate at mile 42.3. The fanglomerate 
in this area is derived from granite and is expected to consist of lime-cemented, 
fine-grained sands, silts, and gravels. One seismic refraction profile from this 
area indicates that the fanglomerate has compressional wave velocities of 4,200 
ft/s in the upper 90 feet and 7,700 ft/s below 90 feet. 

At mile 42.5, a 6.5-inch hollow stem auger hole (MA-4) penetrated 100 feet of 
texturally diverse sediments. One four-foot thick unit of sandy clay makes up 
4% of the section. Beds of silty, clayey and graveJJy sand from five feet to 27 
feet thick make up 84% of the section. A 12-foot-thick silty sandy gravel 
makes up the final 12% of the section. An identifications were made visually 
in the field. The extremely poor sorting, rapid vertical variability in sediment 
texture, unit thicknesses, and grain size range suggest deposits from intermit­
tent streams, sheetflood, and overbank flooding on the medial part of a moderate­
sized aBuvial fan. 

The ring enters porphyritic granite near mile 45, where 450 feet of weakly 
foliated porphyritic granite were sampled in Borehole MD-5. This granite is 
described in Section 3.2.3.1. 

3.2.3.7 Construction Unit 2. (Mile 45.0 to 52.2). From mile 45 to mile 51.25, 
the ring passes through porphyritic granite. Seismic refraction profiles indicate 
that only thin veneers of fanglomerate (no thicker than 100 feet) are present 
from mile 47.5 to 48.75 and mile 50.25 to 51.25. At mile 51.25 the ring may 
pass through a leucocratic, tan to cream, fine to medium-grained muscovite­
biotite granite. This granite is not porphyritic and intrudes the porphyritic 
granite as both concordant and discordant masses. From mile 51.25 to the 
junction with CU 1, the ring passes through fanglomerates as described in CU 
1 (Section 3.2.3.1). 

3.2.3.8 Construction Unit 10 (Mile 35.5 to 43.5). From mile 35.5 to 43.5 a by­
pass tunnel will be constructed. This facility is treated as a separate CU because 
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the geologic and topographic characteristics of this length are most efficiently 
and cost-effectively constructed by a single TBM designed for weak-rock applica­
tions (see Section 3.5.4.2) separate from CUs 6, 7, and 8. Geologic descriptions 
for the materials that will be penetrated are presented in Sections 3.2.3.5 (CUs 
6 and 7), and 3.2.3.6 (CU 8). 

3.2.4 GEOLOGIC CONCERNS IN CONSTRUCTION OR OPERATION 

3.2.4.1 Structural Settlements. Structural settlements, either short-term or 
long-term, are not expected to pose a problem at the Maricopa Site. As indicated 
in Section 3.2.1, approximately 18 miles of the ring will pass through bedrock 
and 35 miles, including the campus facilities and six collision halls, will be 
founded on fanglomerate. The bedrock along the tunnel alignment is competent 
and is not expected to deform under the magnitude of the anticipated applied 
loads. As indicated in Section 3.5.2.1, the fanglomerate has geotechnical engi­
neering properties similar to those of a weak sandstone. Therefore, although 
some settlement can be expected, it will take place during construction and be 
of relatively small magnitude under the anticipated design loads. Since all 
settlements in the fanglomerate will be "immediate," the site offers the advantage 
of allowing compensation during construction for even minute differential settle­
ments. In addition, since soft clays are not known to exist at depths of founda­
tion influence (see Section 3.2.5.1) it is unnecessary to predict time-dependent 
consolidation settlement of clay materials. Finally, since the water table is 
below the foundation elevations of any SSC facility (see Section 3.3.1.1), the 
site is free of potential settlement problems caused by excavation dewatering. 

In order to estimate the potential for settlement of structures founded at various 
depths within the fanglomerate, the following assumptions were made with regard 
to loading: 

o Office buildings p = (15 pcf) (12 ft/story) = 180 Ib/ft 2 - story 

o Heavy buildings p = (20 pcf) (12 ft/story) = 240 Ib/ft 2 - story 

Column loads for the three different types of areas shown in Figure 3-6 were 
computed using these expressions. In order to estimate footing size for these 
column loads, an allowable bearing pressure based on the ultimate bearing capacity 
of the fanglomerate and acceptable settlements had to be estimated. If the 
effect of friction angle is neglected, and the cohesion parameter of 3200 psf 
given in Table 3-12 of Section 3.5.2.1 is used, the bearing capacity of a footing 
founded on the surface of the fanglomerate may be conservatively estimated by 
the Terzaghi Equation to be q(ult) = 20,000 psf = 10 tsf. If the friction angle 
of 370 is taken into account, then the bearing capacity of a footing founded 
on the surface of the fanglomerate becomes q(ult) = 178000 psf = 89 tsf. Al­
though these conservatively computed capacities are high, they do not control 
the foundation design. Therefore, in order to keep settlements within an accept­
able range, the more conservative value of q(ult) = 20000 psf was used for this 
evaluation. An allowable bearing pressure of q(alJ) = 10000 psf yields a factor 
of safety of 2 with respect to bearing capacity failure. On this basis the most 
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critical foundation conditions occur in the Campus Laboratory Building (CA-1) 
where the following maximum footing sizes were computed: 

o Spread footing (square) 
o Continuous footing 

B = L = 11.5 ft. 
B = 7 ft. 

An elastic analysis was used to estimate settlements (Schmertmann, 1970;1978) 
because the fanglomerate is unsaturated and does not exhibit time-dependent 
load-deformation behavior. The results of the analysis for both the spread 
footing and continuous footing are shown in Table 3-3. The settlements shown 
are total settlements and they will occur during construction. Conservative 
values of soil modulus were used; therefore the reported settlements represent 
maxima. Refinements will be made as more building-specific data are provided. 

Our preliminary analysis and design of the mat foundation envisaged for the col­
lision halls indicates that it will be approximately nine feet thick. Conservative 
assumptions were made regarding the magnitude of the loads and the distribution 
of contact stresses. A more sophisticated finite element (FEM) analysis is 
required to determine settlements and mat deformations. The FEM analysis 
was not performed as part of this proposal pending issue of more detailed loading 
data. In any case, settlements and deformations will occur within a very short 
time; before the end of construction. 

3.2.4.2 ~ Stability. Visual observation of natural slopes at the Maricopa 
Site and construction experience with cut slopes in virgin soils at the site and 
in surrounding areas suggests that such slopes are extremely stable even over 
long periods of time. Typically, roadway cuts made in the fanglomerate through­
out Maricopa County remain extremely stable at angles shallower than 450 al­
though long-term erosion generally becomes a problem for unprotected slopes. 
Experience with cut slopes in similar materials at the Twin Buttes Mine, approxi­
mately 100 miles south-southeast of the Maricopa Site, and the Sacaton Mine, 
approximately 30 miles southeast of the site, indicates that near-vertical slopes 
have been standing to heights of 50 to 60 feet for more than ten years (refer 
to Figures 3-12 through 3-16). In some areas the Twin Buttes pit has been 
"double benched." This suggests that near-vertical slopes could be stable at 
heights of 100 to 120 feet. Therefore the slope angle (600

) and depth (80 feet) 
proposed in Section 3.5.4.1 for cut-and-fill CUs are conservative. As indicated 
in Section 3.5.2.1, the results of laboratory tests and seismic refraction studies 
indicate that the fanglomerate at the Maricopa Site has geotechnical engineering 
properties very similar to those measured at the Twin Buttes Mine. Construction 
experience with similar materials in the greater Phoenix area indicates that 
three- to four-story basement excavations can be made easily at near-vertical 
slope angles (Hansen, 1985a). Therefore, there is every reason to believe that 
slope instability will not pose construction problems or long-term operational 
problems at the Maricopa Site. 

To verify the observational experience analytically, slope stability analyses using 
Bishop's Modified Method (Bishop, 1955) were performed for a number of different 
slope angles and heights. Shear strength parameters of c = 3200 psf and ~ = 
370

, as determined in the laboratory and inferred from field tests at the Twin 
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TABLE 3-3 

Settlement Estimates for Critical Footing Sizes l 

Spread Footing Continuous Footing 
(L = B = 11.5 ft.) (L/B > 10, B = 7 ft.) 

Depth Settlement2 Depth Settle men t3 

(ft) (inches) (ft) (Inches) 

0 SI 0 S 1/2 

10 S 3/4 10 S 1/3 

20 S 1/2 20 S 1/4 

30 S 1/3 30 S 1/6 

40 S 3/16 40 S 1/12 

50 S 1/8 50 S 1/16 

60 S 1/16 60 Negligible 

70 Negligible 70 Negligible 

1 All settlements are immediate and are inversely proportional to E. 

2 Based on elastic analysis with constant E = 600 tsf. 

3 Based on elastic analysis with constant E = 840 tsf. 
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Buttes mine (see Section 3.5.2.1), were used in all of the analyses. The total 
unit weight was taken as 130 pcf based on measurements performed on core 
samples. A ground-water table was not considered. The results of the analyses 
for slope angles (B) = 60° and 45° are summarized in Table 3-4. For vertical 
slopes the maximum slope height (H) is related to in-service safety factor (F) 
as H = 213/F (feet). It is clear from this expression and from Table 3-4 that 
cuts made into the fanglomerate will be stable with a factor of safety of at 
least 2 at angles up to 90° and to depths of 100 feet. It should also be kept 
in mind that these results are based on a value of cohesion that is conserv­
atively low. 

3.2.4.3 Natural GAl. Gases related to the presence of hydrocarbons, coal­
bearing or carbonaceous materials are not known or suspected to be present at 
the Maricopa SSC site. The geology of the area is fundamentally a Precambrian 
basement terrane with no record of Paleozoic or Mesozoic rocks, thought to be 
permissible source materials for these gases. The Tertiary stratigraphic section, 
consisting of volcanic rocks and basement-derived conglomerate, is not believed 
to be a viable source of natural gases. Construction problems related to the 
presence of natural gas are not expected at the Maricopa SSC site. 

3.2.4.4 Subsidence. Geologic materials prone to the formation of solution 
cavities are not present at the Maricopa Site. 

The Maricopa Mountains consist almost wholly of a 1.7 Ga granitic basement 
terrane and for that reason may be considered metallogenically barren. As a 
result, the Maricopa Mountains have not been the site of any of Arizona's 
enormous mining activity. Fewer than 10 pre World War II prospect pits and very 
short adits are found scattered about the Maricopa Mountains, but no extensive 
surface or underground workings of the type associated with modern mining 
techniques are present. Therefore, the Maricopa SSC alignment will not suffer 
from construction problems related to the presence of mining excavations. 

The ring at the Maricopa Site has been located in an area with no measured 
or suspected subsidence from ground-water withdrawal. The physical character­
istics of the aquifer, the lack of previous water-table decline, and the ability 
to control future pumping indicate that future subsidence from this source will 
not be a problem. 

Land surface subsidence has commonly been associated with ground-water with­
drawal in the alluvial basins of the Southwest. Where subsidence has occurred 
in Arizona, relationships have been found between water-level decline and 
subsidence. This relationship is dependent on three major parameters: (1) the 
thickness of the alluvium, (2) the percentage of fine sediments, and (3) the 
degree of cementation or competency of the material. Thus, most of the recorded 
subsidence in the State has occurred in heavily pumped alluvial basins filled 
with thick deposits of fine, uncompacted material. 

Land surface subsidence caused by ground-water withdrawal has been observed 
in adjacent, but hydrologically separate, areas of the Salt River Valley and 
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TABLE 3-4 

SUMMARY OF SLOPE STABILITY ANALYSES 
MARICOPA FANGLOMERATE 

Slope Angle 
B (deg) 

Height 
H (ft) 

Safety Factor 
F (min) 

60 40 4.31 
50 3.65 
60 3.21 
70 2.89 
80 2.65 
90 2.46 

100 2.31 

45 40 5.20 
50 4.45 
60 3.93 
70 3.56 
80 3.28 
90 3.06 

100 2.88 

1 Parameters used in the calculation - c = 3200 psf; " = 37°; 
¥ = 130 pd. 
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Stanfield. This subsidence is not of the sinkhole variety found in other parts 
of the nation, but is usually a general lowering of the land surface with differ­
ential subsidence near pediments, that can form earth cracks and earth fis­
sures. Areas in which subsidence has occurred normally have had cumulative 
water-table declines of well over 100 feet. Although data are lacking, because 
of the scarcity of wells, the Maricopa Site probably has not experienced any 
significant water-table decline. At the village of Mobile, 1.5 miles east of the 
site, the ground water has been drawn down only 10 feet since 1950. The 
interior of the ring site, except for five square miles of private land, is managed 
by the Bureau of Land Management. As a result, the only pumping that has 
occurred is from low-capacity livestock and domestic wells that withdraw less 
than 10 acre-feet per year, per. well. Currently no producing wells exist inside 
the site circumference. 

A National Geodetic Survey level line follows the Southern Pacific Railroad 
through Mobile and across the northern third of the site. Comparison of the 
elevations from 1949, 1967, and observed elevations in 1980 reveals no subsidence 
at the site or northeasterly along the railroad in Mobile Valley. 

Only the northeastern section of the ring, mile 0 to mile 10, can be affected 
by pumping, since it lies within the Waterman Wash basin. The rest of the land 
surrounding the site is owned by the State or Federal Government; thus when 
land for the project is acquired a buffer zone will be included that will permit 
control of near-site ground-water pumping. Extensive drawdown calculations 
were performed for the northeastern section under various pumping scenarios. 
The results indicate that, even under pumping conditions more severe than 
currently occur or are anticipated to occur, drawdown will not be of a magnitude 
sufficient to cause subsidence. The results and description of methods used in 
these calculations can be found in Appendix 3-A. As local land use in the 
area changes from irrigated agriculture to urban or suburban development, pump­
ing rates will be reduced still further. The Arizona Ground Water Management 
Act, passed in 1980, prohibits any new development of irrigated agricultural 
acreage. 

Another key consideration is the character of the sediments. Strange (1982) 
states that "the most important mechanism in subsidence is the compaction of 
the clay and silt layers in the sediments, brought about by the expulsion of water 
from the clay minerals into the void spaces in adjoining sands and gravels created 
by removal of water." Available data, which include nearby U.S. Geological 
Survey test wells (Wilson, 1979) and SSC test holes, describe the physical charac­
teristics of any aquifer materials that could be dewatered as slightly to moderate­
ly consolidated gravelly sand. These materials are not prone to compaction. 
Any clay present is dispersed throughout the sediments and not as extensive 
clay beds. In the Waterman Wash agricultural area, 10 miles to the north of 
the ring, drill holes penetrate alluvial deposits similar to those at the Maricopa 
Site (ADWR well log data base). At that location, water table declines of over 
150 feet have produced no evidence of subsidence. 

The lack of previous ground-water withdrawal on or near the site, the absence 
of compactible material in the aquifer, and the ability to control future ground­
water pumping thus indicate no potential for subsidence at the Maricopa Site. 
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3.2.5 SOIL CONDITIONS THAT MAY POSE CONSTRUCTION PROBLEMS 

3.2.5.1 Soft Clay. Seyeral thick, laterally extensive, clay-rich lacustrine deposits 
are found at considerable depths in south-central Arizona. These occur at the 
Arizona Hazardous Waste Site west of Mobile, at the site of the Palo Verde 
Nuclear Generating Station northwest of Buckeye, in the Gila Bend area, and 
in some of the deep basins in the -vicinity of Phoenix, including the Luke, 
Paradise, and Higley Basins. Elevations an4 thicknesses of these deposits are 
shown in Table 3-5. Many of these deposits are related to a period of internally 
directed drainage or sluggish external drainage prior to the establishment of 
the modern throughflowing Salt/Gila/Colorado River system (Eberly and Stanley, 
1978; Scarborough and Peirce, 1978). The differing structural positions of these 
clays may reflect the different le-vels of basin filling and different geologic 
histories of the basins in which they are found. 

Four boreholes were drilled at the Arizona Hazardous Waste Site (refer to Figure 
3-7) as part of the investigations for that facility. In each of these boreholes 
a thick bed of soil containing as much as 60% by weight of silt and clay was 
encountered below 200 feet of poorly sorted, clayey sand. The lateral extent 
of this deposit is unknown. X-ray diffraction analyses performed on the c1ay­
fraction of soils sampled at shallower depths indicate the presence of smectite 
or an expansive type of chlorite, and ilIitic clays. 

Nine bore holes were drilled into the fanglomerate in the -various basins at the 
Maricopa Site as part of the Arizona SSC proposal preparation. The borehole 
locations are shown in Figure 3-7. Descriptions of the materials encountered 
are given in Section 3.2.3. 

X-ray diffraction analyses were performed on specimens prepared from the clay 
fraction of selected samples taken from borings MA-2, MA-5, MD-6, and MD-
7. Table 3-6 presents a summary of the results of these analyses. As indicated 
in the table, an expansive clay mineral (smectite) was identified in Boring MD-
6 at each of the depths sampled. Therefore, it is likely that the clayey sands 
encountered in that boring are expansive. Such soils may either be chemically 
stabilized prior to construction, or, for near-surface construction, remoyed and 
replaced by non-expansive materials (Nowatzki, 1981a). A number of proven 
techniques are available for stabilizing such soils (Sowers, 1979; Winterkorn 
and Fang, 1975). 

3.2.5.2 Unconsolidated Sand. Because of the alluvial geomorphology of the 
desert basins, pockets of unconsolidated sands are sometimes encountered during 
conventional geotechnical field investigations (Beckwith, 1968; Tweet, 1984). 
The occurrence of such deposits is generally limited to areas within the flood­
plains of major water courses. The SSC ring alignment has been purposely 
located away from such features; therefore, these deposits are not expected to 
pose problems during construction of any of the facilities. 
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TABLE 3-5 

CLA Y DEPOSITS IN SOUTH-CENTRAL ARIZONA 

Location Elevation 

Gila Bend 600-700 ft. 
(Ross, 1923, Heindl & 
Armstrong, 1963) 

Luke Basin 1000 ft. 
(Ea ton et ai, 1972) 

Palo Verde Nuclear Plan t 1150 ft. 
(Fugro, 1974) 

Adjacent to Maricopa Mts. 1212 ft. 
(Jones, 1987) 

Paradise, Higley Basins 300-400 ft. 
(Scarborough & Peirce, 1978) 

State oj Arizona, Maricopa Site, September 2, 1987 

Thickness 

300-500 ft. 

55 ft. 

120 ft. 

844 ft. 

>300 ft. 

Distance 
From 

Maricopa 
Site 

25 mi. 

25 mi. 

30 mi. 

5 mi. 

50 mi. 
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TABLE 3-6 
RESULTS OF X-RAY DIFFRACTIONl ANALYSIS 

Sample Air Dried2 GlycolatedS Heated· Mineral 
29 d 29 d 29 d Iden tifica tion 
(deg) (A) (deg) (A) (deg) (A) 

MA 2 50-55 8.5 10.4 Not run Attapulgite 
12.5? 7.1 Chlorite? 

MA 5 60-65 7.2 12.27 Not run Vermiculi te 
8.9 9.93 8.9 9.93 Mica 

12.5 7.08 Chlorite? 
23.2 3.83 K-feldspar? 
26.9 3.31 Quartz 
29.5 3.03 Calcite 

MD 6 25-30 6.0 14.72 5.2 17.00 Smectite 
8.9 9.93 8.9 9.93 8.9 9.93 Mica 
9.9 8.93 9.9 8.98 10.0 8.84 ? 

17.8 4.98 Run stopped Run stopped Mica 
26.9 3.31 Mica 

MD 6 50-55 6.1 14.48 5.2 17.00 Smectite 
8.9 9.93 8.9 9.93 8.9 9.93 Mica 
9.9 8.93 9.9 8.93 10.0 8.84 ? 

17.8 4.98 Run stopped Run stopped Mica 
21.7 4.09 

MD 6 248-253 
6.1 14.48 5.2 17.00 Smectite 
8.9 9.93 8.9 9.93 8.9 9.93 Mica 
9.9 8.93 9.8 9.02 ? 

MD 7 75-80 8.9 9.93 Not run 9.0 9.82 Mica 
12.5 7.08 Run stopped Chlorite 

1 All tests were performed on a general Electric XRD-5 instrument with copper 
~ radiation (.\= 1.54050 A). 

2 All specimens were prepared on glass slides from extract taken from soil-water 
slurry. 

S Ethylene glycol treatment was performed only on air-dried specimens that 
exhibited a well-defined 14 A peak. 

• Air-dried specimen left in 400°C furnace for minImum of three hours prior 
to x-ray analysis. A dash (--) indicates that a peak observed in test on air­
dried specimen disappeared. 
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3.2.5.3 Collapse-Susceptible Soils. Near surface collapse-susceptible soils are 
generally found in arid or semi-arid regions where high evaporation rates cause 
smaller sized particles of silt/clay to be drawn to the contact points between 
larger particles in recently deposited sediments. As the sediments dry, strong 
bonds are formed at the contact points by surface tension. These bonds cause 
the soil mass to be quite stable as long as it remains dry. Failure of such soil 
masses general1y occurs as a rapid change of volume or "col1apse" that takes 
place under either of two conditions. First, applied loads exceed the dry strength 
of the silt/clay bonds at contact points. Second, the soil is wetted to near 
saturation while carrying a load less than the dry strength failure load. In 
either case the failure is usually rapid. 

The phenomenon of collapse-susceptible soils in southern Arizona has been 
studied extensively (Abdul1atif, 1969; Alfi, 1984; Anderson, 1968; Beckwith and 
Hansen, 1982; Crossley, 1969; Nowatzki, 1981bj Sabbagh, 1982). Most recently 
Ali (1987) has shown statistical1y that the probability of occurrence of such 
soils is greatest in the flood plains of major water courses, at least in the 
Tucson vicinity. Since the ring alignment was purposely located as much as 
possible in the pediments away from rivers and streams, collapse-susceptible 
soils are not expected to pose significant problems for construction or structural 
stability. Ali (1987) has also shown statistically that the severity of collapse 
susceptibility decreases with depth with the most collapse susceptible soils found 
within the top five to six feet of the surface. Since the foundations of most 
of the structures associated with the SSC project will be founded at depths 
greater than these, col1apse-susceptible soils are not expected to pose difficulties 
even in areas where they may be encountered closer to the surface. Finally, 
geotechnical engineers in the Southwest have wide experience dealing with 
stabilization of such soils (Hansen, 1985bj Nowatzki, 1981bj Schwindt, 1982, 
1984). 

3.2.5.4 Perched Ground Water. Perched water is known to exist in numerous 
areas in southern Arizona, but it is most common in heavily irrigated areas 
where a constant source of recharge is available. There is no agriculture within 
the Maricopa Site boundaries. Although the presence of clays at the site suggest 
a possibility for perched water, the available information shows no indication 
of it. Eight alluvial dri11-holes ranging in depth from 70 to 655 feet were 
spaced around the site perimeter. No saturated or even near-saturated zones 
were detected other than the regional unconfined water table. This conclusion 
was confirmed with borehole geophysics. Analysis of aerial photographs of the 
site show no abnormal1y vegetated areas that would indicate near-surface perching 
of water. These findings, along with low precipitation, high evapotranspira­
tion, and the generally impermeable nature of the surface soils indicate that 
perched water is extremely rare if not absent entirely at the Maricopa Site. 

3.2.6 LOCATIONS AND SOURCES OF DATA 

Adequate data are available for the site to define the character of rock, fanglom­
erate, and unconsolidated alluvium expected to be involved in construction. 
Previous geologic investigations by Wilson et al. (1957) and Cunningham et Ai. 
(1987) provide the baseline for information. The Arizona SSC Project augmented 
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these and other studies mentioned in Section 3.2.1 with geophysical exploration 
and geotechnical drilling programs. Geophysical exploration included seismic 
refraction, gravity, magnetic, and resistivity and induced-polarization surveys 
along segments of the ring path lacking bedrock outcrops (Bryan et ai., 1987; 
Sternberg and Esher, 1987; Sternberg et ai., 1987; Sternberg and Sutter, 1987). 
The geotechnical drilling program consisted of three diamond-drill core holes, 
six augered holes, and two reverse-circulation rotary holes (Cummings et ai., 
1987; Sergent, Hauskins, and Beckwith Inc., 1987). Joy Manufacturing Company 
was contracted to complete the diamond-drill core holes under the supervision 
of the Arizona SSC Project geologist and geological engineer. Joy has extensive 
experience in southern Arizona. The auger and reverse-circulation rotary drilling 
was contracted to and supervised by Sergent, Hauskins, and Beckwith Inc., a 
geotechnical consulting firm with offices in Phoenix and vast experience in the 
evaluation of construction sites in Arizona. Further geotechnical characterization 
of the geologic materials present at the site were conducted by Cummings and 
Glynn (1987), DeNatale and Nowatzki (1987), and Glynn (1987). Hydrogeological 
data was compiled from the Arizona Department of Water Resources computer 
data base and the U.S. Geological Survey's WATSTORE water well data base. 

The areal extent of the reports listed above is shown in Figure 3-7. Full biblio­
graphic information is provided in the references cited at the end of volume. 

3.3 GEOHYDROLOGY 

3.3.1 DETAILED CHARACTERISTICS 

3.3.1.1 Geohydrological Regime. The Maricopa Site touches portions of the 
Vekol Valley, Waterman Wash, and Bosque geohydrological basins. These are 
structural depressions surrounded by mountains that are composed of intrusive 
rocks, mostly granite, with small areas of metamorphic and sedimentary rocks. 
Dense, impermeable bedrock forms the mountains that bound the valley floors. 
Pediment areas, in which the bedrock is at a shallow depth, extend valleyward 
for varying distances from the base of the mountains. The central portions of 
the valleys are underlain by great thicknesses of basin-fm sediments. The basins 
are filled with alluvial fan and alluvial plain deposits consisting of lenticular 
beds of poorly sorted gravel, sand, silt, and clay. These deposits generally 
exhibit some degree of calcium carbonate cementation. 

Hydrologically, the most important aspect of the geologic setting around the site 
is the distribution of the bedrock and other impermeable materials and the 
more permeable basin-fill sediments. As Figure 3-5 shows, no interaction is 
expected between the construction of the SSC and the water table. For this 
reason detailed aquifer characteristics will not be presented here. In general, 
the site is underlain by unconfined aquifer systems. Permeabilities in the alluvial 
aquifers, as is expected in alluvial fan materials, are very site-specific. Brooks 
(1987) provides more detailed information. 

Because of the lack of prior development in the area of the site, ground-water 
elevation data is sparse along and within the tunnel alignment. As a result, 
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the ground-water table has been estimated over much of the site by using lin­
ear interpolation and extrapolation techniques combined with geologic and hydro­
logic knowledge of the area. The site's simple geology combined with experience 
from similar basins and the available data suggest that the aquifers have a 
predictable and consistent water-table gradient in areas of little or no pumping. 
High confidence in the estimated values along with the site's overall great 
depth to water in relation to the tunnel elevation strengthens the statement 
that no part of the tunnel will be in saturated material. The depth to water 
appears to be 300 feet or greater around the entire site. 

As discussed in Section 3.2.5.3, perched ground water is not expected to be a 
problem at the Maricopa Site. ' 

Interaction with streams is an important aspect of southwestern alluvial geohy­
drology. As much as 70% of the natural aquifer recharge in the Southwest 
typically occurs in the permeable stream sediments (Burkham, 1970). But the low 
precipitation (about 7 in/yr), high evapotranspiration rates, and the great depths 
to the water table at the Maricopa Site suggest that this interaction is of mini­
mal concern. Typically, streams in the area are dry for more than 95% of the 
year. Therefore, with proper planning, disturbance of the natural recharge 
environment can be minimized. 

3.3.1.2 Ground Water Levels and Fluctuations. Seasonally, ground-water levels 
at the Maricopa Site remain very consistent because of the absence of pumping 
and the negligible aquifer recharge. Large fluctuations, in southern Arizona, 
are seen only in areas of agricultural irrigation where heavy pumping occurs. 
There is no agriculture within the site area. No operating wells are currently 
within the site area. Outside of the site area large-scale irrigation is taking 
place approximately 10 miles north of the Maricopa Site. A smaller area of 
irrigation, about 1,800 acres, is three to five miles northeast of the site. Avail­
able water level and pumpage data indicate little or no ground water decline in 
the site area caused by pumping in these outside agricultural areas. Ninety 
percent of pumping in the region is agricultural, a figure that should decrease 
in the future as agriculture declines. 

3.3.1.3 Permeability of Saturated Zones. As previously mentioned, .!lQ portion 
of the Maricopa SSC tunnel is expected to be in saturated material. The only 
saturated sediments that may be encountered will be below washes after a large 
runoff in a normally dry channel, when a pulse of recharged water can travel 
down through the alluvium. These infrequent pulses of recharge will be rare 
and should pose no trouble to the construction and operation of the SSC. 

3.3.2 WATER RESOURCES 

3.3.2.1 Local Water Ouality. Because the site area is rural and undeveloped, 
water-quality data are scarce. Available data show ground-water quality as very 
good to fair in the basins within and surrounding the Maricopa Site. Water of 
lower quality usually means the presence of higher amounts of dissolved solids, 
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usually sodium and chloride. Available ground-water quality generally meets 
the State of Arizona Water Quality Standards listed in Table 3-7. Occasional 
violations are usually in the form of excessive nitrates or fluorides. Brooks 
(1987) presents site-specific data. 

3.3.2.2 Local Water Resources. Ground water is the largest and most reliable 
water resource in Arizona; it is also the most misunderstood. Investigations 
show large reserves of ground water in storage in the four ground-water basins 
near the site (Figure 3-8). A report by the Arizona Water Commission (1975) 
estimated reserves to a depth of 1200 feet at two of the neighboring basins as 
follows: 

o Waterman Wash Basin - 9 million acre-feet 
o Gila Bend Basin - 60 million acre-feet 

Additional reports by the U.S. Geological Survey give: 

o Bosque Basin 
o N. Vekol Valley 

3.6 million acre-feet 
- 3.1 million acre-feet 

The northern Vekol Valley has been determined to be the optimal source of 
water for the SSC project. 

Comprehensive hydrogeologic investigations and subsequent reports on northern 
Vekol Valley were completed by the U.S. Geological Survey (Wilson, 1979; Hollett 
and Marie, 1987). These reports identified Vekol Valley as the optimal ground­
water source in the region to provide approximately 174,000 acre-feet of water 
over a 25-year period to the Ak-Chin Indians. This is 75% more water than 
the SSC will require for the same length of time. The Indians subsequently 
refused this source of water and the valley has remained essentially unpumped. 

Northern Vekol Valley is a north-trending basin approximately 12 miles long 
and six to eight miles wide. It is filled with as much as 1,900 feet of basin­
fill deposits. Ground-water depths range from around 160 feet in the northeast 
part of the basin to 400 feet south of Interstate 8. Wilson (1979) estimated 
about 1.5 million acre-feet of recoverable water to a depth of 500 feet below 
the water table. Brooks (1987) presents detailed aquifer characteristics. 

As Section 3.2.3.4 indicates, subsidence is not expected to occur in Waterman 
Wash. In northern Vekol Valley, the expected source of SSC water, the char­
acter of the aquifer and the amount of water to be withdrawn indicate that 
subsidence is not a concern. Also, the well field is far (-11 miles) from any 
portion of the tunnel that could be affected by subsidence. 

3.3.3 POTENTIAL GROUND WATER IMPACTS ON SUBSURFACE CON­
STRUCTION 

3.3.3.1 Ground Water Inflows and Pressures. One reason the Maricopa Site is 
an excellent site for the SSC is that water-related construction problems are 
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TABLE 3-7 

PUBLIC DRINKING WATER QUALITY GUIDELINES--STATE OF ARIZONA 

Community water systems within Maricopa County are required to comply with 
the maximum contaminant In'el standards set by the State of Arizona. These 
are grouped into five major categories; inorganic chemicals, organic chemicals, 
radiochemicals, turbidity and microbiological. The following table summarizes 
these regulations. 

A. Inorganic chemicals (MCL) 

Contaminant 

Arsenic 
Barium 
Cadmium 
Chromium (total) 
Lead 
Mercury 
Nitrate (as N) 
Selenium 
Silver 

B. Organic chemicals (MCL) 

1. Chlorinated hydrocarbons: 

a. Endrin 
b. Lindane 
c. Methoxychlor 
d. Toxaphene 

2. Chlorophenoxys: 

a.2,4-D 
b. 2,4,5-TP Silvex 

Community Water· 
Systems (mgjl) 

0.05 
1.0 
0.010 
0.05 
0.05 
0.002 

10. 
0.01 
0.05 

0.0002 mgjl 
0.004 mgjl 
0.1 mgjl 
0.005 mgjl 

0.1 mgjl 
0.1 mgjl 

3. Total Trihalomethanes (TTHM) 

C. Radiochemicals (MCL)··· 

0.10 mgjl 

N C 
.•• 

on- ommuDity 
water systems (mgjl) 

0.10 
2.0 
0.020 
0.50 
0.10 
0.004 

10. 
0.02 
0.10 

1. Radium-226, radium-228 and gross alpha particle radioactivity 

a. Combined radium-226 and radium-228 
b. Gross alpha particle activity (including 

radium-226 but excluding radon and uranium) 

5 pCijl# 

15 pCijl# 

2. Average annual concentration of beta particle and photon emitters from 
man made radionuclides shall not produce an annual dose equivalent to 
total body or any internal organ greater than 4 milliremjyear. 
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TABLE 3-7 (Continued) 

3. Radionuclide concentrations assumed to produce a total body or organ 
organ dose of 4 millirem/year are: 

Radionuclide 

Tritium 
Strontium-90 

D. Turbidity (MCL) 

Basis 

Monthly average 
Average of two consecutive days 

E. Microbiological (MCL) 

1. Membrane filter technique 

Basis 

a. Monthly average 

Critical Organ 

Total Body 
Bone Marrow 

b. 1 sample «20 samples/month) or 
5% of samples (>20 samples/month) 

pCi/l# 

20,000 
8 

Maximum turbidity 
NTU (turbidity units) 

1 
5 

Coliform bacteria 

1 per 100 ml 

4 per 100 ml 

2. Multiple tube fermentation technique and 10 milliliter standard portions. 

No coliform bacteria shall be present in any of the following: 

a. More than 10% of the portions in any month 
b. Three or more portions in more than one sample «20 samples per 

month) or 5% of the samples (>20 samples/month). 

3. Multiple tube fermentation technique and 100 milliliter standard portions. 

No coliform bacteria shall be present in any of the following: 

a. More than 60% of the portions in any month 
b. One sample «5 samples/month) or 20% of the samples (>5 samples/month). 

State of Arizona. Maricopa Site. September 2. 1987 Volume 3. Page 30 



TABLE 3-7 (Continued) 

NOTES; 

... A public water system serving at least 15 s~rvice connections used by year­
round residents, or regularly serving 25 year-round residents . 

.... A public water system that is not a community water system . 

......... Maximum Contaminant Levels 

#pCi/1 = pico (10 -12) Curies per liter. 
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extremely unlikely. As discussed in Section 3.3.1 and shown in Figures 3-2 and 
3-5, water-table elevations are expected to be well below the proposed tunnel 
elevations. The only potential for inflows, therefore, is from perched water or 
from temporary seasonal pulses of recharge from the normally dry stream chan­
nels. As Section 3.2.5.3 states, perched water has not been found nor is it 
expected to be found in the site area. The proposed Maricopa tunnel alignment 
intersects only two large watercourses, Bender Wash (twice) and the West Prong 
of Waterman Wash. At these locations the depth of the tunnel suggests that no 
problems will be encountered. 

3.3.3.2 Swelling Clays. No thick deposits of swelling clay are known or expected. 
As described in Section 3.2.5.1 and as indicated in Table 3-6, expansive clay 
minerals have been identified in soil samples retrieved from certain locations 
at the Maricopa Site. The clay fraction of these soils, however, represents less 
than 8% by weight of the total sample. Therefore, swelling clay minerals are 
not expected to pose construction problems. 

3.3.3.3 Effect of Chemical Constituents. As Section 3.3.3.1 shows, ground water 
will have no effect on SSC structures; therefore, chemical constituents of ground 
water are not relevant to construction. 

3.4 SEISMICITY AND FA UL TIN G 

3.4.1 HISTORICAL SEISMICITY OF THE MARICOPA SSC SITE 

Most of Arizona is in one of the lowest historical seismicity and earthquake 
hazard regions on the North American continent (Ryall et aI., 1966; Wong et aI., 
1982; Zoback and Zoback, 1980). South-central Arizona in particular is far 
removed from the principal western seismic belts. The San Andreas fault system 
of California crosses the extreme southwest corner of the state and the Inter­
mountain Seismic Belt apparently terminates in northwestern Arizona. Large 
magnitude earthquakes originating along the San Andreas system are rarely felt 
in south-central Arizona and those originating in northwest Arizona, Utah, or 
Nevada have never been felt in south-central Arizona (Dubois et ill., 1982). 
Although Arizona has had a continuously operational seismic station since 1910, 
there were not enough high gain stations until about 1960 to locate seismic 
events accurately (Wallace, 1987). Since monitoring began in 1910, there have 
been no earthquakes of Richter magnitude M=5.0 or greater in Arizona. Figure 
3-9 shows the locations of all historically felt reports and earthquake epicenters 
within 100 miles of the Maricopa Site. 

Earth shaking in the region around the Maricopa Site has been infrequent and 
generally of low intensity. Between 1875 and 1980, eleven earthquakes were 
reported felt in the Maricopa Site area, all with Modified Mercalli (MM) inten­
sities ~ V. Four of the events were centered 200 or more miles west of the 
Maricopa Site on the San Andreas fault system (Dubois et aI., 1982). Isoseismal 
maps (Dubois t! aI., 1982) indicate that the Maricopa Site has experienced no 
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earthquakes with MM intensities equal to or greater than VI (the lower limit 
for structural damage). 

Microearthquakes (M < 3.0) have been experienced in the region. Wallace (1987) 
reports that there is no systematic pattern to the microearthquake seismicity 
and it does not appear to be related to any obvious structural feature. On the 
basis of recurrence of these events it is reasonable to assume that there wiII 
be about one microearthquake per year in the region (Wallace, 1987). Microearth­
quakes do not influence construction in the Phoenix area, nor are they expected 
to cause operational problems. Motion-sensitive operations performed in many 
hospitals in Phoenix have not been affected by microearthquakes. 

3.4.2 GROUND ACCELERATION AT THE MARl COP A SSC SITE 

The Maricopa Site is located in a region of low seismic risk (Algermissen and 
Perkins, 1973; 1976). Seismic hazard maps prepared by Algermissen et ai., (1982; 
1983; Figures 3-10 and 3-11) suggest the following effective peak horizontal 
ground acceleration values (AJ: 

o Aa < 0.04g for an estimated recurrence interval of 100 years 

o Aa < 0.06g for an estimated recurrence interval of 475 years 

o Aa < 0.14g for an estimated recurrence interval of 2,200 years 

The accelerations have a 90% probability of not being exceeded in 50 years. 
The value of 0.06g is recommended for the design of ordinary structures by 
the Applied Technology Council (1978), the American National Standards Institute 
(1982), the American Association of State Highway and Transportation Officials 
(1983), and the Federal Emergency Planning Agency (1986). 

The maximum credible earthquake for south-central Arizona is the 1887 Pitaycachi 
event with M=7.25 (Dubois and Sbar, 1981; Wallace, 1987). The maximum credible 
earthquakes for active and suspected active faults closer to the Site are discussed 
in Section 3.4.3 and presented in Table 3-8. The magnitudes in the table were 
estimated by methods described by Bonilla et al. (1984). The maximum ground 
acceleration values at the Maricopa Site that could be expected from these 
faults were estimated from the attenuation relationships presented by Campbell 
(1981). As indicated by the table, an M=5.8 earthquake along the Sand Tank 
fault would constitute the maximum credible earthquake for the Maricopa Site. 
It could produce an Aa = 0.09g at the site with a recurrence interval of at 
least 30,000 years (Pear three n ai., 1983). However, the definition of an "active" 
fault established for the SSC is one which has experienced offsets in the past 
10,000 years. Therefore, the Sand Tank fault is not considered as critical to the 
SSC project. 

As indicated in Table 3-8, peak effective horizontal ground accelerations at the 
Maricopa Site resulting from movements along other faults, including the 
Pitaycachi, all fall below the recommended design value for the region of 0.06g. 
Since O.lg is the level of acceleration generally considered strong enough to 
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FAULT NAME 1 

Big Chino 

Chiricahua 

Pitaycachi 

Safford 

Sand Tank 

Santa Rita 

Sugarloaf 

San Andreas 6 

TABLE 3·8 
ESTIMATED PEAK GR~ND ACCELERATION AT MARICOPA SITE, FROM MAXIMUM 

CREDIBLE EARTHQUAKES CREATED BY POTENTIALLY ACTIVE FAULTS 
WITHIN 250 MILES OF THE SITE 

APPROXIMATE 2 ESTIMATED 3 APPROXIMATE 4 PEAK GROUND 5 
LENGTH (mi) MAGNITUDE (M) DISTANCE (mi) ACCELERATION (g) 

28 7.0 145 0.02 

12 6.6 220 0.01 

43 7.3 250 0.01 

18 6.8 170 0.01 

3 5.8 11 0.09 

32 7.1 130 0.02 

4 6.0 80 0.01 

8.0 150 0.04 

1 Refer to Figure 3·12 (Scarborough et at., 1986). 
2 Measured from Figure 3·12. 
~ Measured from Bonilla et al. (1984); US 7 data. 

Measured from mid· fault to injector complex on Figure 3·12. 
5 Can¢ell (1981). 
6 Historical. 

RECURRENCE 
INTERVAL (yrs) 

<30000 

<30000 

<30000 

<30000 

<30000 

3000 < RI< 150000 

<30000 

150 
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produce some degree of damage to "weak" construction," the possibility of a dam­
aging earthquake occurring in the site area is very remote. 

It should be noted that the value of M=7.3 estimated for the 1887 Pitaycachi 
event by using the method proposed by Bonilla et al. (1984) corresponds almost 
exactly to the value of M=7.2S proposed independently by Dubois and Sbar (1981). 

3.4.3 ACTIVE FAULTS IN THE MARICOPA SSC REGION 

The definition of an "active" fault established for this project is one which has 
experienced offsets in the last. 10,000 years. No active faults have been iden­
tified in the vicinity of the Maricopa SSC site. Figure 3-12 shows all Late 
Pliocene-Quaternary (post-4 m.y.) faults within Arizona. Table 3-8 lists all 
potentially active faults within 250 miles of the Maricopa Site including the 
San Andreas Fault in California. The table also contains estimates of Richter 
magnitudes based on relationships proposed by Bonilla et al. (1984) that relate 
earthquake magnitude to the associated length of surface rupture and amount 
of maximum offset. These parameters can be determined quite well in Arizona, 
where fault scarps are preserved for periods of tens of thousands to hundreds 
of thousands of years because of the desert environment. 

Reactivation of older inactive faults which the Maricopa SSC ring might cross 
is an extremely unlikely prospect for several reasons: 

o 

o 

o 

3.4.4 

These older faults are the result of different regional stress fields which 
are not the present stress condition. 

Seismic events which occurred in the region during the last five million 
years, including the 1887 Pitaycachi event, failed to trigger slip along 
these older faults. 

Faults in the Maricopa Mountains show no evidence of Quaternary activity. 

POTENTIAL FOR LIQUEFACTION 

There is no known record of seismically induced liquefaction of geologic materials 
in southern Arizona (Dubois et aI., 1982). The fact that construction will be 
conducted in materials with cohesion values in excess of 1100 pst above the 
water table eliminates liquefaction as a potential problem at the site. Addition­
ally, the dense cemented desert alluvium at the Maricopa Site is well outside 
the limits of liquefiable soils given by Seed and Idriss (1982). With no historical 
precedent, and with stable geology, the Maricopa Site is not at risk from lique­
faction. 
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3.5 TUNNELING AND UNDERGROUND CONSTRUCTION 

3.5.1 ENGINEERING DESCRIPTION OF RELEVANT SOIL AND ROCK UNITS 

The geologic assemblages involved in the construction are easily characterized, 
for engineering purposes. The site involves three general assemblages. The 
10.35-mile segments comprising CUs 4 and 9 cross a granitic intrusive terrane. 
In CU 5, ring segments totalling approximately 7.5 miles cross a sequence of 
volcanic and interbedded sedimentary rocks, with short sections in fanglomerate. 
Fanglomerate hosts the remaining 35.45 total miles of ring segments in CUs 1, 
2, 3, 6, 7, and 8. A description Of each of the assemblages follows. 

3.5.1.1 Fanglomerate Assemblage. The ring at the Maricopa Site will pass 
through three basins containing fanglomerate. These are the Rainbow Valley 
Basin, the North Vekol Valley Basin, and the Bosque Basin. Eight SSC project 
boreholes were drilled close to the ring alignment as shown in Figure 3-7. 
The fanglomerate assemblage consists of two components, alluvium and fanglom­
erate. The term "alluvium" refers to the unconsolidated and non-indurated 
sediments typically found as surface soils in the desert basins of the Southwest. 
The term "fanglomerate" refers to locally conglomeratic alluvial fan deposits 
cemented to various degrees, generally by calcium carbonate. 

Rainbow Valley Basin Fanglomerate (Boreholes MA-2, MA-3, MA-3A, wells Water­
man 1, Waterman 2) has been divided into two units based on the results of 
two deep exploratory wells and numerous water wells (Wilson, 1979). The upper 
unit is up to 400 feet thick and consists of lime cemented sandy clay to sand 
and gravel, and generally contains more gravel in the northwestern part, and 
more clay and silt in the central part. The lower unit is as thick as 1,000 
feet and consists of coarse sandy gravel to sand and gravel that contains small 
amounts of silt and clay cemented by calcium carbonate (Wilson, 1979). 

North Vekol Valley Basin Fanglomerate (no boreholes drilled). Basin-fill in the 
North Vekol Valley Basin can be divided into three units (Wilson, 1979, USGS 
unpub. well log data). The upper unit adjacent to Interstate Highway 8 is up 
to 200 feet thick and consists of gravelly sand, or gravelly silt further north 
in the basin. The middle unit is 700 feet thick and consists of silty gravelly 
sand. The lowermost unit is more than 875 feet thick and consists of Tertiary 
tuff, silty to clayey sand and gravel, and andesite. The two upper units are 
cemented by calcium carbonate. 

Bosque Basin Fanglomerate (Boreholes MA-4, MA-5, MA-6; wells Bosque 1 and 
Bosque 2). As much as 3,000 feet of basin-filling sediments in the Bosque Basin 
were laid down in lenses and discontinuous sheets. These sediments have been 
divided into three units (Wilson, 1979). The upper unit is from 700 to 900 feet 
thick and is composed of coarse to fine gravel and sand, silt, and clay. Reddish 
silty and clayey layers are common and increase to the southwest to comprise 
65% of the upper unit in the vicinity of Gila Bend, 25 miles from the Maricopa 
Site (Wilson, 1979). The middle unit thickens from 800 feet to 1,450 feet in the 
Bosque 2 Well, and is composed mainly of sand and gravel with a few reddish­
brown silty and clayey layers. The top of the lower unit is an erosion surface. 
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The lower unit consists of volcanic rocks interbedded with and underlain by 
moderately to weakly cemented conglomerate that are similar to the tilted Terti­
ary rocks of the volcanic assemblage, and to those present in the Sand Tank 
Mountains (Sell, 1968). Cementation in the upper two units is usually by calcium 
carbonate and varies from weak to strong with disseminated lime and coatings 
on individual clasts. Some cementation by clays also occurs. 

In summary, the fanglomerate in each of the basins consists of a wide range of 
materials from clays to gravels. In all cases the fanglomerate is moderately to 
strongly cemented within construction depths. Gravel occurs only in scattered 
layers and cobbles are rare. All evidence suggests that the fanglomerate offers 
two options for construction of the SSC tunnel: 

o 

o 

Machine tunneling. This method seems best suited for depths greater 
than 80 feet. A double shield TBM pushing off a segmented concrete liner 
can achieve advance rates of 200 feet of completed tunnel per day in 
the fanglomerate. The concrete liner will provide a clean environment 
for the 23.5 miles of tunnel constructed in this material. 

Cut-and-fm construction. This method is best suited for depths less 
than 80 feet. As is documented in Section 3.5.2.1, the fanglomerate 
possesses properties that allow it to stand stable for several years, un­
supported, at heights up to 80 feet with 600 slope. Advance rates are 
expected to be 100 feet of completed tunnel per day for the 11.9 miles 
of tunnel to be constructed by this method. 

3.5.1.2 Granitic Assemblage. The granitic assemblage has been found to be 
consistently strong and predictable in its rock mass properties (see Table 3-9). 
For rock support and penetration, geomechanics classifications rate these rock 
masses as "very good to excellent." These are favorable materials for machine 
tunneling, offering high advance rates and requiring very little or no support. 

For segments in the granitic assemblage constructed by tunneling through harder 
rock, strength assessments show that sidewalls will permit the high gripper 
thrusts needed to maintain high advance rates, yet the material strengths are 
not so high as to indicate low cutter penetrability and high cutter wear rates. 
Fracturing densities, condition of fractures, and a low incidence of significant 
faulting indicate that only localized pattern- or spot-bolting will be required for 
support. 

Granitic assemblage materials are ideally suited for the application of hard 
rock TBM methods. The rock types to be encountered are expected to be self­
supporting with local zones possibly requiring rock bolts. For the ten miles of 
granitic assemblage, tunnel advances rates are expected to be 120 feet of com­
pleted tunnel per day (see Table 3-18). 

3.5.1.3 Volcanic Assemblage. The segment traversing the volcanic assemblage 
will pass through massive, dense basalts, welded tuffs, and interbedded sandy 
conglomerates. The conglomerates are weakly cemented, containing lithic frag­
ments of metamorphic, plutonic, and volcanic rock types in a sandy matrix. Frac-
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turing is rare in the basalts, and almost nonexistent in the conglomerates; welded 
tufCs are moderately fractured, but of local extent. 

The measured compressive strength of the basalt is high, but conventional TBMs 
are not expected to encounter difficulties. The conglomerates have low to 
moderate strengths and will permit excellent tunneling adnnce rates. The 
strength of the welded tuff is high, but it is sufficiently fractured so as to 
permit rapid tunneling advance rates. 

The basalts are expected to stand without support, but locally they may require 
rockbolts. The conglomerate will require a segmental lining to permit rapid 
advance rates. The welded tuff may require pattern-bolting or a reinforced 
shotcrete lining. Overall advance rates in the volcanic assemblage are predicted 
to be 180 feet of completed tunnel per day (see Table 3-18) over the entire 
7.5 mile length of tunnel. 

3.5.2 PHYSICAL AND MECHANICAL PROPERTIES OF ROCK AND SOIL MASS 

As indicated earlier, details of rock mass characteristics (strength, fracturing, 
and groundwater) were classified by means of rock mass classification systems 
to simplify construction estimating. The classification schemes used were the 
Geomechanics System of Bieniawski (1973), the "Q" System of Barton et !l. 
(1974), and the RQD system of Deere (1968). Table 3-9 lists the values obtained 
and Figure 3-5A displays the constructability profile for the Maricopa Site. 
Fanglomerates were classified according to the Unified Soil Classification System 
(U.S. Army Corps of Engineers, 1960). 

3.5.2.1 Fanglomerate Assemblage. Because the Maricopa Site is in a relatively 
remote and undeveloped area, very little geotechnical data is available to charac­
terize the engineering properties of the fanglomerate at the site. Instead of 
embarking on a costly drilling and laboratory/field testing program, it was decided 
first to characterize the seismic properties of the fanglomerate and compare 
them to those of other fanglomerates in the region for which geotechnical data 
were available. Then, if the materials compared well seismically, a modest 
field and laboratory testing program including borehole drilling could be carried 
out to confirm the thickness and composition of the materials and to verify 
the existing engineering properties data. In this way the wealth of geotechnical 
data on fanglomerate properties accumulated over the past 20 to 25 years could 
be used to characterize the Maricopa Site. Most of the existing data on fanglom­
erate properties were obtained as part of the planning, development and operation 
of the Twin Buttes Mine located approximately 100 miles southeast of the Mari­
copa Site (Golder Associates, 1975, 1977, 1979; Omnes, 1976; Seegmiller, 1971). 

Table 3-10 presents the results of seismic surveys conducted at the Twin Buttes 
Mine and at the Maricopa Site (Sternberg, 1986; 1987). The results suggest 
that the fanglomerates along the entire ring alignment are similar to those 
found at the Twin Buttes Mine and may even have more beneficial engineering 
properties. Table 3-10 also contains an estimate of unconfined compressive 
strength based on modulus of elasticity as proposed by Hobbs (1974). To charac-
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TABLE 3-9 
TUN N E L H 0 R I l 0 N 

ROC Ie PRO PER TIE S 

c.., - INTACT 
FRACTURE3 4 AVERAGE ~ - CONSTRUCTION MILEAGE TUNNEL DESCRIPTION UNCONFINED FRACTURE FRACTURE ROD Q RMR COMMENTS ~ 

<::> UNIT DEPTH CCI4PRESSIVE SETS ROOGHNESS FREQUENCY (X) 
'-. STRENGTH x/ft 
ib. (I(SI) 
~ -. N 
<::> FAN G l 0 MER ATE ASS E M B LAG E :::: 
f:l 

~ 
1.0 170 Fanglomerate 0.3 See Note 1 

~ 2.0 90 Fanglomerate 0.3 See Note 1 -. n 
<::> 3.0 105 Fanglomerate 0.4 Se~ Note 1 "l:::I 
~ 

c.., 1 4.0 90 Fanglomerate 0.4 See Note 1 -. -~ 5.0 65 Fanglomerate 0.6 See Note 1 
c.., 
~ 53.0 260 Fanglomerate 0.3 See Note 1 

"l:::I 
;:; 

2 6.0 80 Fanglomerate 0.6 See Note 1 
~ 
Cl" 
~ 2 7.0 40 Fanglomerate 0.4 See Note 1 
~ 

!'V 2 8.0 40 Fanglomerate 0.4 See Note 1 
....... 
'0 2 9.0 30 Fanglomerate 0.3 See Note 1 00 
'-l 

2 10.0 40 Fanglomerate 0.3 See Note 1 

2 11.0 40 Fanglomerate 0.3 See Note 1 

2 12.0 50 Fanglomerate 0.3 See Note 1 

3 14.5 105 Fanglomerate 0.1-0.3 See Notes 1, 2 

4 17.0 160 Fanglomerate 0.2-0.4 See Note 1 

~ 5 25.7 340 Fanglomerate 2-3 See Note 1 -;:: 5 21.0 310 Fanglomerate 1-2 See Note 1 
~ 
~ 

~ 5 28.0 310 Fanglomerate 1-2 See Note 1 

"" 6 29.0 310 Fanglomerate 1-1.5 See Note 1 ~ 
()Q 
~ 6 30.0 290 Fanglomerate 1-1.5 See Note 1 
~ 
t-..J 

6 31.0 260 Fanglomerate 1-1.2 See Note 1 

6 32.0 220 Fanglomerate See Note 1 

6 33.0 160 Fanglomerate 0.8-1 See Note 1 



TABLE 3-9 
TUN N E l H 0 R I Z 0 N 

ROC K PRO PER TIE S 

V, INTACT 
FRACTURE 3 4 AVERAGE - CONSTRUCTJOI MILEAGE TUNNEL DESCRIPTION UNCONFINED FRACTURE FRACTURE RCID Q RMR COMMENTS ~ 

~ UNIT DEPTH C~PRESSIVE SETS ROOGHNESS FREQUENCY (X) 

c STRENGTH x/ft 
'-.., (1(51) 

~ .... -. 6 34.0 130 Fanglomerate 0.8,1 See Note 1 1'1 
C 
~ 

6 35.0 Fl 105 Fanglomerate 0.7'0.9 See Note 1 
':;:w 

~ 6 36.0 1D5 Fanglomerate 0.7 See Note 1 
.... -. 6 37.0 90 Fanglomerate 0.7 See Note 1 ~ 
c 
'I::l 7 38.0 90 Fanglomerate 0.5-0.7 See Note 1 ~ 

V, 
7 39.0 80 Fanglomerate 0.4-0.5 See Note 1 -. -!I> 

V, 7 40.0 80 Fanglomerate 0.4 See Note 1 
n. 
'l::I 8 41.8 105 Fang l omerllte 0.3-0.4 See Note 1 -n. 
~ 9 52.0 340 Fanglomerate 0.3 See Note 1 C)o 
n. .... G RAN I TIC ASS E M B LAG E 
~ 
..... 2 12.8 65 Quartz Diorite 28-32 801250 Sm. (2-5) 5 30-60 Very Good Very Good See Note 5 
'0 60/340 Sm. (2-4) 00 

'" CAL (1) 

4 16.3 130 Quartz Diorite 28-32 80/250 Sm. (2-5) 5 See Note 5 
60/340 Sm. (2·4) 

CAL (1) 

4 20.5 220 Porphyritic 30-35 801250 Sm. (2·4) 80-100 Extr. Good Very Good 
Granite 60/340 Sm. (2-4) 

8 42.0 120 Porphyritic 28-30 40/330 Sm. 4 1.5 70-90 Very Good Very Good See Note 1 
Granite 90/275 Sm. 4 

~ 30/120 Sm. 1 
...... Cl (1) 
l:: 
~ 8 45.0 290 Porphyritic See Note 2 n. 
~ Granite 

'" 9 46.0 1065 Porphyrit i c See Note 2 ~ 
~ Granite 
n. 
-I>.. 9 47.0 1170 Porphyritic See Note 2 v... 

Granite 

9 48.0 780 Porphyritic 14-30 40/330 Sm. 4 2 50-80 Good to very Good to very See Note 2 
Granite 90/275 Sm. 4 good good 

30/120 Sm. 1 
CL (1) 



V, -l:) -(1) 

c ....... 
~ ., -. t-l 
C 
:::t 
? 

~ ., -. 
~ 
c 

'1::s 
l:) 

V, -. -~ 
V, 
(1) 

'1::s -(1) 

~ 
CJ-
(1) ., 
~ 
...... 
'0 
00 
~ 

~ 
"-::: 
~ 
(1) 

~ 

'" l:) 
OQ 
(1) 

~ 
~ 

CONSTRUCTla.! MILEAGE TUNNEL DESCRIPTION 
UNIT DEPTH 

9 49.0 780 Porphyritic 
Granite 

9 50.0 550 Porphyritic 
Granite 

9 51.0 420 Porphyri tic 
Granite 

VOLCANIC ASS E M B LAG E 

5 22.5 415 Basal 
Conglomerate 

5 23.6 340 Middle 
Conglomerate 

5 25.0 310 Upper 
Conglomerate 

5 23.0 440 Basalt 

5 24.5 310 Welded Tuff 

TABLE 3-9 
TUN N E L H 0 R I Z 0 N 

ROC K PRO PER TIE S 

INTACT 
FRACTURE3 FRACTURE

4 AVERAGE 
UNCONFINED FRACTURE RQI) Q RMR C(JI4ENTS 

COMPRESSIVE SETS RIXJGHNESS FREQUENCY (X) 
STRENGTH x/ft 

(KSI) 

See Note 2 

See Note 2 

See Note 2 

4-5 See Note 1 

4-5 See Note 1 

4-5 See Note 1 

10-15 30/250 CAL (2-8) 2 90-100 Good Good 
30/340 Q(l) 

23-26 30/250 Sm. (2-4) 80 Very Good Very Good 
30/340 



~ 

TABLE 3-9 
TUN N E L H 0 R I Z 0 N 

ROC K PRO PER TIE S 

CONSTRUCTION MILEAGE 
UNIT 

TUNNEL 
DEPTH 

DESCRIPTION 
INTACT 

UNCONFINED 
COMPRESSIVE 

STRENGTH 
(KSI) 

FRACTURE 
SETS 

AVERAGE 
FRACTURE FRACTURE 

ROUGHNESS FREQUENCY 
x/ft 

NOTES: (1) The fanglomerate has a texture and strength similar to weakly cemented sandstone. 
Strengths have been derived from empirical relations between modulus and strength 
using the data on sandstones collected by Deere, et al. (1974). Confirmatory 
data has been obtained from limited undisturbed specimens. No discontinuities 
occur in the fanglomerate or conglomerate. 

(2) The data shown are the range of values representative of this rock unit. Some of 
the lower strengths may have been obtained from weathered samples. It is unlikely 
rock quality will ever be less than good. 

(3) Fracture sets are quoted as dip/dip direction. ~here there is more than one set 
all are listed. Joint set information was obtained from field measurement. 

(4) Fracture roughness symbols: Sm.' 
Sm.2 
Sm.3 
Sm.4 
Sm.5 

PF (1) 
Filling type: 

CAL 

- smooth 
- slight roughness 
- medium roughness 
- rough 
- very rough 
- partly filled (openness in mm) 

Give width of filled fracture and indicate filling, i.e., 
- Calcite; CL - Clay. 

(5) The fractures in this material were mainly healed with calcite. Many others have been 
induced by drilling. The very good quality is a subjective assessment of a strong rock. 

See Figure 3-5A for Graphic Presentation of the Assemblage Distribution. 

ROD 
(X) 

Q RMR 

.,,~-~ 

COMMENTS 
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TABLE 3-10 

SUMMARY OF SEISMIC REFRACTION RUNS 
INDURATED FANGLOMERATES - GEOTECHNICAL DATAl 

Average Seismic Estimated 
Location Thickness Velocity E qu 
Mileage ft. ftjs ksi psi 

2.0N 250 3256 152 434 
2.0E 300 3276 153 439 
3.5 270 3958 224 641 
8.0 240 3048 133 380 
9.5 230 2899 120 344 

12.02 80 3897 215 615 
12.02 70 2500 89 256 
12.02 130 3768 203 581 
12.7 160 2988 128 365 
13.2 70 2643 103 297 
15.6 110 3143 141 404 
16.0 60 2085 62 178 
17.5 70 2459 87 247 
25.23 260 7775 866 2476 
34.4 70 5185 385 1101 
38.2 270 4323 267 765 
41.0 100 3185 145 415 
51.24 60 2741 107 308 

Twin Buttes Pit 5 250 3168 143 408 
Twin Buttes Pit5 100 1912 52 150 
Twin Buttes Pit 5 60 1997 57 162 
Twin Buttes Pit6 280 1800 46 132 
Twin Buttes Pit6 80 3500 174 498 

1 Data from Sternberg and Esher (1987). 

2 These seismic refraction lines are located 0.5 miles west of mile 
12.0. 

3 This seismic refraction line is located two miles north of mile 25.2. 

" This seismic refraction line is located one mile north of mile 51.2. 

5 Data from Sternberg (1986). 

6 Data from Omnes (1976). 
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terize the geotechnical properties, a four-phase program was conducted. The 
first phase consisted of a literature review and a visual survey of the Twin 
Buttes pit; the second phase consisted of a comprehensive program of standard 
and specialized laboratory testing performed on samples retrieved from boreholes 

. drilled at the Maricopa Site; the third phase involved a comparison of the results 
of the second phase with the results of similar" tests run on materials retrieved 
from the Twin Buttes pit; the fourth phase involved supplemental field tests to 
verify the results of the laboratory strength tests. 

The visual survey of the Twin Buttes pit confirmed the observations of Beckwith 
and Hansen (1982) that the fanglomerate is essentially continuous and is not 
appreciably affected by fissures or other discontinuities. As shown in Figure 
3-13, the material is a mixture of coarse- and fine-grained particles with mod­
erate to very strong calcareous cementation. The views of pit slopes shown in 
Figures 3-14 and 3-15 indicate that the fanglomerate is extremely strong and 
quite stable. Pit benches 50 to 60 feet high have near-vertical side walls. In 
some areas "double benching" has resulted in near-vertical slopes standing to 
twice those heights. Locally, the slopes exceed 90°. At several locations within 
the pit, massive circular crusher/conveyor foundations were built on the edge 
of the benches (Figure 3-16). The fanglomerate beneath these foundations has 
not deteriorated in over a decade despite having been subjected intermittently 
to significant static and dynamic loads. In addition, scraper marks can still be 
seen on the pit walls that are more than ten years old, as revealed in Figure 
3-17. There are some occasional horizon tal gravel lenses and localized pockets 
of uncemented silt, but even these resist extensive ravelling, as shown by Figure 
3-18. These observations suggest that the fanglomerate is sufficiently strong to 
maintain slope stability over many years and yet will yield readily to standard, 
low-cost excavation techniques. 

Classification Tests. The gradation curves shown in Figure 3-19 were established 
by standard sieve and hydrometer analyses (ASTM D-421, ASTM D-422, 1985) 
performed on deaggregated samples taken from various depths in two different 
boreholes. The curves appear to vary considerably; however this variation occurs 
only within the "sand" range of particles and is more indicative of differences 
in uniformity than in material type. The results of the grain-size distribution 
analyses for both the Maricopa Site and the Twin Buttes pit are summarized in 
Table 3-11. 

Atterburg limits tests (ASTM D-4318, 1985) and x-ray diffraction analyses were 
also performed. These tests indicate that the fine-grained fraction is slightly 
plastic (PI = 3-30) and may contain some expansive clay minerals. The results 
of these tests are found in Tables 3-12 and 3-6, respectively. 

On the basis of these tests, the deaggregated material is classified as an "SC" 
soil according to USCS, i.e. a well-graded sand with plastic fines. 

Compaction Characteristics. Standard (ASTM D-698, 1985) and modified (ASTM 
D-1557, 1985) compaction tests were performed to establish the deaggregated 
materials compaction characteristics. The resulting compaction curves are shown 
In Figure 3-20. The standard test yielded a maximum dry density of 124 pcf 
and an optimum water content of 11.2%. The modified test produced a maximum 
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Figure 3-14 
An Oven-iew of the Twin Buttes Open-Pit Mine 
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Figure 3-15 
A Closer View of the Excavation Profile at Twin Buttes 



Figure 3-16 
Conveyor Foundations Built on the Edf,te of Pit Benches at the Twin Buttes Mine 
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Figure 3-17 
Scrapper Marks on a Ten-Year Old Slope Face 
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Figure 3-18 
Gravel Lenses an Uncemented Pockets of Silt 
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TABLE 3-11 

SUMMARY OF CLASSIFICATION TESTS 

Maricopa Site 

Sample % Gravel % Sand % Silt % Clay Cul Cco2 LL PL PI USCS3 

MA 2 
50-50 7 73 18 2 46 3 Not Run 

MA 5 
60-65 17 59 22 2 60 2 37 28 9 SM 

MD 7 
0-15 2 60 34 4 50 3 34 22 12 SC 

25-30 7 73 18 2 66 2 39 23 16 SC 
40-45 7 73 18 2 41 2 32 24 8 SC 

MD 6 
25-30 <1 84 13 2 7 1 42 21 21 SC 
50-55 <1 79 12 8 42 7 44 20 24 SC 
75-78 <1 94 4 1 10 1 51 22 29 SW-SC 
248-253 <1 67 24 8 53 9 29 26 3 SM 

Twin Buttes Pit 

Sample % Gravel % Sand % Silt % Clay Cul Cco2 LL PL PI USCS3 

Upper Adit 
Sample #1 19 76 5 
Sample #2 21 74 5 

Lower Adit 
Sample #1 25 68 7 
Sample #2 25 70 5 

1 Coefficient of Uniformity. 
2 Coefficient of Concavity. 

Tr 4 

Tr 

<1 
Tr 

11 1 Not Run SW 
12 1 21 20 1 SW 

12 1 Not Run SW 
15 1 Not Run SW 

S Classification according to the Unified Soil Classification System 
(U.S. Army Corps of Engineers, 1960). 

4 Tr = Trace. 
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dry density of 132 pcf and an optimum water content of 8.3%. The in situ 
material was found to have a dry density of 125 pcf at an average moisture 
content of 4%. The solids were found to have a specific gravity of 2.65. The 
zero air voids (saturation) curve is included in Figure 3-20 for reference. 

Permeability Tests. The falling head method was used to establish the material's 
permeability. Sample preparation and testing procedures are described by 
DeNatale and Nowatzki (1987). It was found that the relation between perme­
ability, k, and void ratio, e, is essentially linear over the range 
0.65 < e < 0.82. A least-squares fit to the experimental data yielded the relation 
k = (53e - 33.45)(10-3 cm/sec). Since the material has a field void ratio of 
e = 0.35, which falls below the range of void ratios used in the lab permeability 
testing, its in situ permeability is less than k = 1 x 10-4 cm/sec (k = 0.3 
feet/day). 

Consolidation Tests. The consolidation testing was done on a saturated specimen 
of the deaggregated material. The void ratio versus log effective stress curve 
is shown in Figure 3-21. As may be seen, the virgin compression curve is 
essentially linear over the entire range of applied pressures. As would be ex­
pected from a remolded sample, there is no observable maximum past pressure. 
A summary of the results is presented in Table 3-12. 

Strength Tests (Laboratory). A program of laboratory testing was performed 
to identify the fanglomerate's cohesion and internal friction angle. The details 
of this program are described by DeNatale and Nowatzki (1987). Because of 
the cemented nature of the material and the presence of interspersed, large 
diameter grains, undisturbed specimens for direct shear tests and unconfined 
compression tests could not be obtained. Therefore, specimens for these tests 
were prepared by statically recompacting de aggregated material to densities 
corresponding to maximum "standard" and "modified" Proctor densities. The 
results of the direct shear tests shown in Figure 3-22 indicate that the friction 
angle varied slightly from 37° to 40°. This suggests that the friction angle is 
essentially independent of density and water content, at least within the ranges 
normally encountered in the field. In addition, the values obtained from these 
tests are probably a lower limit for the in situ value since coarser particles 
which would result in a greater degree of particle interlock were removed during 
specimen preparation. Since deaggregation during specimen preparation destroyed 
the cementation characteristics of the in situ material no significant cohesion 
was measured in either series of direct shear tests. 

In order to obtain a conservative estimate of the material's in situ cohesion, 
unconfined compression tests were performed on two "undisturbed" cylindrical 
specimens that could be retrieved from boreholes. These specimens appeared 
to be intact and were very stiff to the touch. Surprisingly, when tested in 
unconfined compression, these specimens yielded strengths of qu = 2520 psf and 
qu = 2180 psf. Such anomalously low values are attributed to sample disturbance 
and the probable creation of microfractures within the specimens induced by 
the sampling procedure. These values yield a conservative value of cohesion 
c= 1200 psf. A summary of the laboratory test performed on the fanglomerate 
at the Maricopa Site is found in Table 3-12. For comparison, a summary of 
the results of similar tests performed on fanglomerate material obtained from 
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TABLE 3-12 

Summary of Geotechnical Engineering Properties of Fanglomerate 

Maricopa 
Test and/or Parameter Site 

1. Compaction Characteristics 
a. Maximum Dry Density 

• Standard Proctor 124 pcf 
• Modified Proctor 132 pcf 

b. Optimum Moisture Content 
• Standard Proctor 11.2% 
• Modified Proctor 8.7% 

2. Specific Gravity of Solids 2.65 

3. Consolidation Characteristics 
a. Compression Index (Cc) 0.229 
b. Decompression Index (Cs) 0.015 
c. Recompression Index (Cr ) 0.013 
d. Coefficient of Consolidation Not significant 

4. Coefficient of Permeability 
a. Void ratio e = 0.64; 

k=1 x to-4 cm/sec 
b. Void ratio e = 0.70; 

k=3 x to-4 cm/sec 
c. Void ratio e = 0.82; 

k=9.7 x to-4 cm/sec 
d. In situ void ratio e = 0.33; 

k<1 x 10-4 cm/sec 

5. Unconfined Compressive Strength 
a. Specimen #1 2520 pst 
b. Specimen #2 2180 pst 
c. Standard Proctor Specimen 
d. Modified Proctor Specimen 

6. Coulomb Shear Strength Parameters 
a. Angle of Internal Friction 

• Standard Proctor 360 

• Modified Proctor 400 

b. Cohesion 
• Standard Proctor Direct Shear 100 pst 
• Modified Proctor Direct Shear 300 pst 
• Specimen #1 Unconfined >1260 psf 
• Specimen #2 Unconfined >1090 psf 
• Standard Proctor Unconfined 
• Modified Proctor Unconfined 

State of Arizona, Maricopa Site, September 2, 1987 

Twin Buttes 
Pit 

127 pcf 
132 pc! 

9.8% 
8.3% 

2.69 

0.130 
0.007 
0.017 

Not significant 

e = 0.48; 
k=1.4 x to-5 cm/sec 
e = 0.52; 
k=7.8 x 10-4 cm/sec 
e = 0.86; 
k=43 x to-4 cm/sec 
e = 0.35; 
k<1.5 x to-5 cm/sec 

2000 psf 
2275 pst 

>1000 psf 
>1138 pst 
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TABLE 3-12 (Continued) 

Summary of Geotechnical Engineering Properties of Fanglomerate 

Test and/or Parameter 
Maricopa 

Site 

6. Coulomb Shear Strength Parameters (Continued) 
b. Cohesion 

• Slope Stability Failure 
(Field Test) 

7. In Situ Moisture and Density Conditions 
a. In Situ Density 

• Specimen #1 123 pcf 
• Specimen #2 133 pcf 

b. In Situ Moisture Content 
(Average of 5 specimens) 5% 

State of Arizona, Maricopa Site, September 2, 1987 

Twin Buttes 
Pit 

>3200 psf 
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various levels in the Twin Buttes pit is also shown in Table 3-12. The two sets 
of results suggest that the materials, although not identical, are similar and 
can be expected to exhibit similar engineering behavior. 

Strength Tests (Field). Because of sampling difficulties, there were no suitable 
means of estimating the fanglomerate's in situ cohesion accurately by lab testing. 
Thus a simple field test was conducted at the Twin Buttes pit from which a 
value of cohesion could be back-calculated. The test involved inducing slope 
failures by applying a surface load to the top of several existing vertical slopes 
at the Twin Buttes pit. The details of the testing program are described by 
DeNatale and Nowatzki (1987). Figure 3-23 shows the test set-up and Figure 
3-24 depicts a typical failed slope. Since failure implies a safety factor FS = 
1, and since the material's internal friction angle was measured by lab tests to 
be 37° (conservatively), the material's cohesion could be back-calculated using 
any of the standard methods available for slope stability analysis. Bishop's 
Modified Method (Bishop, 1955) with a correction for three dimensional "end 
effects" developed by Azzouz et al. (1981) was used. The back-calculation yielded 
a cohesion of c = 3200 psf for the in situ fanglomerate. Because the cohesion 
of the fanglomerate is due to cementation and because the field tests were 
performed on bench slopes that have been exposed to weather and subject to 
surcharge from mining operations for at least ten years, factors that tend to 
destroy cementation, this value of cohesion should be regarded as a conservative 
estimate of the actual value that can be expected in situ. 

In summary, the fanglomerate provides an excellent opportunity for flexibility 
in construction. It is uniquely suited for deep cut-and-fill operations and has 
excellent machine tunneling characteristics. Where encountered in CUs 1, 2, 6, 
and 7 (wholly) and 3, 4, 5, and 8 (partially), seismic velocity data suggest that 
it will tunnel like a soft rock. Ground water is not expected to be encountered 
in the fanglomerate in either cut-and-fill or machine-tunneling CUs; if it is, 
the in situ permeability of the material is low enough to allow for water control 
by conventional methods. 

3.5.2.2 Granitic Assemblage. Approximately 19% of the tunnel alignment crosses 
the granitic assemblage in CUs 3, 4, 8, and 9. This assemblage consists primarily 
of Precambrian porphyritic granite, quartz diorite, and local xenoliths of gabbroic 
intrusive rocks and Pinal Schist. Sections 3.2.2 and 3.2.3 provide a discussion 
of the geology and composition of these rocks, and the current interpretation 
of their genesis. 

As Section 3.2.2 shows, the granitic rocks present at the site are among the 
oldest rocks known in Arizona. Most have experienced multiple episodes of 
tectonic activity that are evidenced by mineral recrystallization and minor intro­
duction of calcite, quartz, and epidote veinlets; development of weak to moderate 
foliation; and several different suites of fracturing. There is a noticeable absence 
of strong mineralization and alteration. Changes in rock composition and struc­
tural fabric that determine the strength and other engineering properties appear 
to be largely the result of near-surface weathering. 
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Figure 3-23 
Typical Field Slope Loading Test 
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Figure 3-24 
Typical Slope Failure in Fanglomerate Assemblage Materials 
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These rocks tend to be high in strength, except where the strength is lessened 
by fracturing, weathering, or weak hydrothermal alteration. Laboratory uncon­
fined compressive strength in the porphyritic granite was found to be near 
20,000 psi, and the strength of the Booth Hills quartz diorite was found to be 
near 25,000 psi. Locally, the unconfined compressive strength of either of 
these rocks can approach 30,000 psi. The consistency of these strength values 
throughout the rock mass is demonstrated by the results of point load testing 
that accompanied detailed geotechnical logging of recovered drill core. Rock 
compressive strengths estimated from point-load indices for the porphyritic 
granite average 19,280 psi with a standard deviation of 6,140 psi. For the 
Booth Hills quartz diorite, the average is 28,960 with a standard deviation of 
3,680 psi. 

Fracturing and jointing tend to occur in discrete zones. In the porphyritic 
granite, steeply-dipping joints are commonly found in groups separated by several 
feet of un fractured rock. The Booth Hills quartz diorite in the injector complex 
area appears to be more intensely fractured. In drill core, about half the joints 
logged are rough and relatively clean; most of the remainder contain clay or 
calcite, and are fairly smooth. Joints containing calcite may be partly open 
but all those seen that contain quartz or clay are completely filled. Overall 
fracture densities average 0.75 per linear foot of core for the porphyritic granite 
and 5.1 per foot for tile Booth Hills quartz diorite. It is not uncommon to 
recognize at least si x distinct join t orien ta tions in a fi \'e-f oot run of core. 
The net effect of the fracturing is to lessen the relatively high strength of 
these plutonic rocks. Fractures filled with clay may become softened and there­
fore weak if wet, although this is unlikely because the water table is considerably 
deeper than the tunnel horizon and because of the expected low permeabilities 
of the rock masses. The quality of the rock is likely to remain good for tunnel­
ing at the ring horizon, where many fractures are healed with calcite. 

Exceptionally weak zones, such as wide faults filled with gouge, or wide zones 
of crushed and deaggregated granite, or great depths of weathering are not 
expected from the surface exploration and were not indicated in drill core. 
The true width of faults and deep weathered zones, as measured in core, were 
typically not more than a few inches, and were never found to exceed 0.5 feet. 
The maximum depth of substantial weathering appears to be less than 100 feet, 
with weathering below that depth limited to slight discoloration of feldspars 
and joint in-fillings, ordinarily in discrete zones associated with minor faulting 
or an increase in the density of fracturing. At shallow depths, 0-50 feet below 
the bedrock surface, weathering can be intense and result in nearly complete 
disaggregation of the rock. Should such weathered zones occur in surface 
exca\'ations, they can be easily excavated by surface earthmoving equipment. 
Underground, the weathered material, should it be encountered, can be adequately 
restrained by the planned shield support system (see Section 3.5.4). 

Results from drill-hole data were confirmed by surface geotechnical mapping. 
This mapping consisted of detail-line (scanlines) and detail-area surveys oriented 
wherever possible in three orthogonal directions. Figure 3-7 shows the locations 
within the site where these measurements were conducted. The surface mapping 
data were processed and analyzed according to accepted practices, namely, frac­
ture spacings were computed from line intercepts as well as estimated in the 
field, and Schmidt equal-area plots of poles to planes were computer-generated. 
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Although the drill core was not oriented to provide absolute orientation measure­
ments for all fractures logged, the generally excellent condition of the recovered 
core allowed determination of relationships between trends of fractures of various 
dip angles and therefore the number of fracture sets represented, according to 
amount of dip angle. When these data were compared with the data from the 
surface measurements, it was found that the numbers of joint sets and their 
respective prevalences did not differ substantially from place to place along 
the ring alignment, for each rock type studied (Cummings et aI., 1987). It is 
therefore surmised that the tunneling conditions as interpreted from drill core 
will be broadly representath'e of all the granitic rock masses expected to be 
intercepted by the tunnel. 

Rock stress conditions are unknown. No condition indica the of unusual stress 
conditions, such as core discing, was noted in drill core. In most cases, the 
shallow depth of tunneling and the intensity of the fracturing make encount­
ering difficult stress conditions unlikely. Furthermore, major tectonic influences, 
such as regional thrust faults, that could suggest a potential for high residual 
stress fields, are unknown in the area. 

In summary, the granitic assemblage may be characterized as uniformly strong 
but variably fractured, with little weathering or alteration occurring at tunnel 
depths. Because of the fracturing, excavation should not be difficult and excel­
lent progress with a tunnel-boring machine is expected. Jointing intensity 
ranges from low to moderate and most fractures are moderately strong. The 
tunnel should be dry and complications arising from the influence of water 
should be absent. Rock stress is likely to be less than 20% of the compresshe 
strength and therefore of little influence on stability. Such rock masses are 
almost always free of serious stability problems and are normally self-support­
ing at the. tunnel diameters under consideration. It is possible, however, that 
localized blocks and wedges will be occasionally encountered that will require 
rock bolt support. Rock conditions are therefore considered to be "very good 
to excellent." 

3.5.2.3 Volcanic Assemblage. The volcanic assemblage occurs in the southeastern 
portion of the ring alignment in CU 5 and constitutes 14% of the rock to be 
tunneled. As described in Sections 3.2.2 and 3.2.3.4, this assemblage consists 
of thick basalt flows interbedded with thick sequences of conglomerate. Locally, 
rhyolitic welded tuff might be encountered. These rocks have been carefully 
studied in drill hole MD-1R. 

The basalt is strong and has low fracture frequency. It has a compresshe 
strength of near 18,000 psi. Joints are commonly irregular, rough to wavy, 
with calcite fillings, and will provide little reduction in strength. Vesicularity 
is low to moderate and tends to reduce the material's strength. As represented 
in core, this thick unit is quite homogeneous. No recognizable flow stratigraphy 
was noted above tunnel depth, such as flow-top breccia or buried ash, regolith, 
or cinder layers. 

The conglomerates are unjointed but may be fairly weak. Detailed logging 
indicates an average of 40% sandy matrix and 60% lithic fragments, which may 
range up to six inches in diameter. The matrix is poorly cemented but lithic 
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fragments, which include a wide variety of igneous and metamorphic rock types, 
are generally quite strong. Laboratory testing of fresh, saturated conglomerate 
yielded a strength of only 3,900 psi. The moisture content was preserved for 
testing but probably was only due to drilling fluid. The material yielded a 
strength of 6,000 psi when dry. 

There is a possibility that the tunnel will encounter thin layers of rhyolitic 
welded tuff. These rocks were not intercepted by the drilling completed to 
date. However, surface exposures and experience with similar rocks elsewhere 
in Arizona lead to expectations of low to moderate spacings of rough to irregular 
joints, and rock strengths in the range of 15,000-25,000 psi. 

Attempts to measure depth to the water table in the volcanic assemblage in 
MD-1R were unsuccessful because the depth to water exceeded the 500-foot 
reach of the cable. This depth also exceeds the depth of the tunnel by about 
150 feet at this location. Thus the volcanic rock units are expected to be dry 
when tunnelled. In particular, the moisture content of the conglomerate should 
be low, which will enhance strength. 

In summary, the volcanic assemblage will be an excellent medium for tunneling. 
The contacts between various rock types are clear and should be easily locatable 
for tunnel design. The basalts should stand without any support except occasional 
rock bolts. Welded tuffs may require pattern-boIting at places or a light, rein­
forced shotcrete lining. The conglomerates may require a segmental liner, par­
ticularly if the transition to a more competent unit is to be made. Excellent 
exca)'ation progress is expected in the conglomerates and welded tuffs. Basalt 
strengths are not high for modern TBMs and good progress can be expected. 

3.5.3 SITE ADV ANT AGES AND DIFFICULTIES 

3.5.3.1 Advantages. The greatest advantage for construction of the Super 
Collider at the Arizona Maricopa Site is its flexibility. The geologic setting of 
the nearly flat and near surface collider ring allows both cut-and-fill and TBM 
techniques to be used (see Section 3.5.4). The fact that this site can make 
use of different construction techniques simultaneously permits the fullest use 
of local resources. These resources include: 

o 

o 

o 

o 

o 

A superb climate offering virtually 365 days a year construction time 
(Volume 7, Section 7.3). 

A)'ailable labor trained in the proposed construction methodologies 
(Volume 4, Section 4.5). 

The infrastructure necessary to complete a construction project of this 
size (Volume 4, Section 4.4). 

No negative effects on the natural environment (see Section 3.5.5). 

Geologic simplicity and sufficient geotechnical information to permit 
low overall geotechnical contingencies (Sections 3.2.3, and 3.5.4.6). 
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Cut-and-Fill Construction. Approximately 20% of the ring at the Maricopa Site 
is less than 60 feet deep and ideally suited for construction using rapid, econom­
ical, and reliable cut-and-fill techniques. The ability to use cut-and-fill methods 
is a direct result of geologic setting and infrastructure. Cut-and-fill CUs are 
confined to stretches of fanglomerate. Central Arizona Project (CAP) construc­
tion, the operation of nearby open-pit mines, and geotechnical investigations 
all document that fanglomerate is an ideal material for the application of cut­
and-fill technology (see Sections 3.5.1.1 and 3.5.2.1). The aforementioned con­
struction projects have also provided an experienced labor force that will not 
require time-intensive training. In addition, the CAP has pioneered many tech­
niques in high-production excavation for its canals and cut-and-fill construction 
for its siphons and other buried facilities. New technologies for construction 
of buried tunnels have been developed and proven in Arizona. This experience 
is documented in Section 3.5.4. These new technologies will result in substantial 
cost-savings and accelerated construction schedules for the Maricopa Site. 

Geotechnical investigations at the Maricopa Site demonstrate that the cut-and­
fill CUs will not be affected by ground swelling, liquefaction, or collapsing 
soil. Furthermore, land disturbances will be minimal because the fanglomerate's 
engineering properties allow a 60° profile for excavations. Section 3.5.2.1 and 
Table 3-4 document fanglomerate excavation stability to heights of 100 feet or 
greater at slope angles from 60° to 90°. 

The water table is well below the tunnel depth at all locations of cut-and-fill 
construction. Therefore no problems are expected from ground water infiltration 
into surface excavations. Streams are dry more than 95% of the year. The 
seasonal nature of the surface flow events that do occur allow for a schedule 
that virtually assures no surface water disturbances during construction. Ari­
zona's climate also permits virtually full-year construction with very few delays 
related to inclement weather. Since average total rainfall at the Maricopa Site 
is less than 12 inches, rainfall will not complicate spoil storage or cause road 
degradation. 

In summary, the Maricopa SSC Site is ideally suited for the use of cost-saving 
cut-and-fill construction techniques. In addition, such construction allows future 
additions to the facility to be built in the fanglomerate at shallow depths rapidly 
and cost-effectively, without interrupting operations at the existing facilit),. 
When compared to DOE generic site models, the Maricopa Site offers an oppor­
tunity to construct substantial portions of the SSC collider ring, injector complex, 
experimental chambers, and future expansions using cut-and-fill at substantial 
savings (see Section 3.5.4.6 and Appendix 3-B). 

Tunnel Construction. The tunnel alignment will also pass through rock and 
fanglomerate materials that are ideal for machine tunneling. Geotechnical evalua­
tions indicate that rapid advances are possible and that no major problems are -
anticipated in CUs using TBM technology (see Sections 3.5.1 and 3.5.2). There 
also is no hazard from naturally occurring hydrocarbons (see Section 3.2.4.3), 
and the tunnel alignment will be entirely above the water table (see Section 
3.3.1.3). 

There is a history of successful TBM construction in the rock types characteristic 
of the geologic assemblages of the Maricopa Site. For example, the Papago 
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There is a history of successful TBJ\1 construction in the rock t)'pes characteristic 
of the geologic assemblages of the Maricopa Site. For example, the Papa go 
Freeway Drainage Tunnels constructed in the metropolitan Phoenix area between 
1984 and 1986 provide examples of local tunnels driven in the fanglomerate 
assemblage. In this case, the tunnels were driven through poorly cemented 
aJlul'ium of less strength and stability than the fanglomerates present at the 
Maricopa Site. Despite the weaker character of the material in Phoenix, advance 
rates of up to 220 feet/day were achieved. This experience is discussed further 
in Section 3.5.4.2. Extrapolation to the Maricopa Site suggests equal or higher 
advance rates and reduced o\'erall construction costs. Also, the CAP Buckskin 
Mountains Water Tunnel in western Arizona demonstrated that materials similar 
to the \'olcanic assemblage at the Maricopa Site can be TBM excavated with 
little difficulty. The Sandbar Tunnel in California is dramatic evidence of a 
successful high-speed machine-bored tunnel in granitic rocks similar to those 
present at the Maricopa Site. 

In summary, in the last ten years, civil works projects in Arizona have made 
increasing use of machine tunneling. Additional tunnels are planned in several 
areas. The U.S. Bureau of Reclamation (USBR) plans to construct several diver­
sion tunnels in connection with the New Waddell Dam construction in a volcanic 
terrane northwest of Phoenix. To complete the Central Arizona Project in the 
Tucson area the USBR has a design for nearly two miles of 10-foot diameter 
machine-bored water tunnel through volcanic rocks similar to those found at 
the Maricopa Site. These projects coupled with Arizona's extensil'e underground 
mining experience are evidence that a favorable technical, economic, and labor 
environment for large tunnel projects already exists and is growing in the area. 

Reliability. The Maricopa Site's greatest asset is its geologic simplicity. Prior 
to work conducted for the Arizona SSC Project only regional geologic studies 
had been conducted in the area. A search of government, university, and industry 
files for data did not reveal any site-specific information. Site-specific geologic 
and geotechnical investigations were conducted by the Arizona SSC Project. 
These studies included 42,000 feet of seismic line data, 750 gravity measurements, 
3,000 feet of dri11-hole data, and extensive field and laboratory testing of mater­
ials (see Sections 3.2.3, 3.5.1, and 3.5.2). It is unlikely that conditions significantly 
different from those already identified wi11 be encountered. This information 
allowed the Arizona SSC Project engineers to develop geotechnical contingencies 
based upon specific construction methods and ground conditions for each CU. 
The weighted average geotechnical contingency of 10% demonstrates the reliability 
of the Maricopa Site. 

Several different rock types will be encountered by the SSC construction. Geo­
logic diversity does not, however, imply construction problems. From an engi­
neering perspective, the rock may be characterized as "hard," or "medium." The 
fanglomerate is best characterized as a "weak" rock. Contacts between rock units 
can be gradational or clean and predictable. Furthermore, the machine tunneling 
and liner placement techniques proposed are both economical and unaffected by 
geologic discontinuities or rock weakness when compared to conventional tunnel­
ing techniques. A 10-foot diameter, machine-excavated tunnel can be reliably 
driven and wi11 remain stable under all conditions present at the Maricopa Site. 
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Rock Conditions. Two conditions might pose problems for construction in 
the fanglomerate. They are the presence of water in quantities sufficient to 
saturate the material, and a mixed face of fanglomerate and "hard rock." Al­
though construction in the fanglomerate will be aboH the water table, perched 
water horizons can occur (see Section 3.3.3.1). Such occurrences are rare and 
limited in extent. The use of expanded pre-formed concrete segments for ground 
support and a full-face shield TBM wiII allow tunneling to continue without 
interruption. If similar conditions are encountered in cut-and-fill excayations, 
the water wiII be allowed to drain into the cut where it can be pumped out. 
Experience at the Twin Buttes Mine documented this approach successfully. An 
alternative approach is to install a local system of well points to intercept the 
water and not allow seepage into the excavation. This procedure is more desir­
able when considering possible slope stability problems. 

The TBM design assumed for mixed-face conditions at the Maricopa Site is a. 
double-shielded machine with a domed cutterhead. A similar machine is currently 
successfully drhing an 18-foot-diameter tunnel in Melbourne, Australia, through 
mixed-face conditions of basalt and clay beneath the water table. Advance 
rates exceeded those projected by the design team after only 20% of the tunnel 
had been completed (Hunter, 1987). It is clear from this experience and from 
similar operations at the River Mountains Tunnel in Nevada (Sperry, 1987) that 
mixed-face conditions should not cause excavation problems. 

If presently unknown structural features such as major faults or stratigraphic 
discontinuities are intercepted by the tunnels, the recommended tunneling methods 
for oyer 90% of the project wiII not be affected by such features. For the re­
maining 10%, drill-and-blast methods wiII be used to build machine staging areas 
and crosscuts to the shafts. A conservative view is that these areas may require 
steel sets or reinforced shotcrete for long-term support. Although such pro­
cedures are costly, they are not expected to have a major impact on the project. 

3.5.4 RECOMMENDED CONSTRUCTION TECHNIQUES 

The construction methods recommended for the Maricopa Site are basic high-pro­
duction excavation and tunneling techniques that wilI: 

o 

o 

o 

o 

o 

o 

o 

provide a safe working environment, 
be geotechnicaIly correct for the site, 
aJIow immediate construction start-up, 
maximize flexibility, 
sal'e time and money, 
make use of the weIl-established excavation and tunneling expertise of 
Arizona construction and mining firms, 
benefit from the skills of the 10caJIy available labor pool. 

The two methods recommended for the Maricopa Site are (1) cut-and-fm for 
depths less than 80 feet, and (2) tunneling with a TBM in deeper areas. Occa­
sionalJy, conventional driIJ-and-bIast tunneling may be need,ed in short tunnel 
sections for drhing crosscuts to shafts and for making portals or shaft-bottom 
staging areas. 
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sections for drhing crosscuts to shafts and for making portals or shaft-bottom 
staging areas. 

Cut-and-fill will be used extensively at the Maricopa Site. The geotechnical 
properties of the fanglomerate (Section 3.5.2.1) ,and the great depth to ground 
water (Section 3.3.1) permit safe and efficient uses of this technique to depths 
of 80 feet. Section 3.5.2.1 provides a thorough review of prHious local construc­
tion experience in fanglomerate. The flexibility to use cut-and-fill methods 
guarantees low cost, high advance rates, and reliable construction. 

Cut-and-fill is the best construction method for CUs 2 and 7, and the injector 
complex. For CUs 1 and 6, weak rock TBM is best, and for CU 9 hard rock 
TBM methods are recommended. Mixed-face TBM methods are needed for CUs 
3, 4, 5, 8, and 10. Cut-and-fill methods may be used to excavate the injector 
complex tunnels in cuts less than 80 feet deep. Stacking the injector components 
can further reduce the depth of cut and improve construction efficiency. The 
LINAC would be constructed at the surface. 

The following sections detail the recommended construction methods for the 
ring and injector tunnels, the experimental chambers, and the shafts. Where 
appropriate, unconventional techniques that may save time and money are in­
troduced as alternatives. 

3.5.4.1 Ring and Injector Complex Cut-and-Fill. The most economical way to 
construct a tunnel at shallow depths in fanglomerate is by cut-and-fill, using 
either precast cylindrical concrete tunnel segments or cast-in-place segments. 
The cut-and-fiJI method becomes more cost-effective as sideslopes become steeper 
because smaller volumes of material are handled. The feasible depth for cut­
and-fill depends on equipment performance, material handling costs, and safety. 
Recent improvements in equipment, coupled with the strength and stability of 
the fanglomerate, suggest that excavation depths up to 80 feet are practical 
and safe. 

As indicated in Section 3.5.2.1 and Table 3-4, theory and practice show that it 
is possible to excavate vertically to a depth of 100 feet and stilI have a safety 
factor greater than 2 against slope failure. However, a conservative depth 
cut-off of 60 feet with a 60° average slope angle was used for all cost and 
schedule estimates. Additional reductions in time and cost, using a cut-off 
depth of 80 feet, are discussed in Section 3.5.4.6. Approximately twelve miles 
of the ring alignment is amenable to construction by this method, using a 60-foot 
cut-off and 60° slope angle. 

Sel'eral mass excavation systems are available for digging a trench in the fan­
glomerate. Two of these are discussed here in detail because they are ideally 
suited for the material handling needs of the Maricopa Site. 

Scrapers. The mining industry has long used large volume scrapers for excavation 
in open-pit operations. Scrapers were used to remove the fanglomerate from 
the Twin Buttes and Sacaton mines, and were also used on the CAP canal. 
Major portions of all three projects were excavated in fanglomerate that had 
geotechnical properties similar to those present at the Maricopa Site. 
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that carries the muck out of the excavation. The Holland Loader is a modified 
scraper that fits into this category. For example, the Holland 700 Loader used 
on the Red Rock section of the CAP northwest of Tucson consisted of a bottom­
cutting loader propelled by two large Caterpillar D10 tractors placed in tandem 
(see Figure 3-25). A large diesel engine mounted on the loader frame droH a 
belt conveyor which was also supported b)' the frame. For the 45° side slopes 
of the CAP canal, a bridge conveyor was suspended between the rear tractor 
and a third tractor at the top of the excavation. When weathered or fractured 
rock was encountered a ripper tooth, mounted on the front tractor, allowed the 
Holland Loader to excavate materials that would have been impossible for COOl'en­
tional scrapers to handle. Production le\'els using this system reached 3,400 
tons/hour in fanglomerate similar to that found at the Maricopa Site. The 
modified Holland Loader used on the Red Rock section of the CAP proved so 
effective .that the most recent section of the CAP was bid and won on the 
basis of projected production rates of 7,800 tons/hour (Cockran, 1987). 

In general, Holland Loader systems are modified for specific applications. Com­
ponents such as cutter teeth, the spacing between them, and cOOl'eyor belt 
widths are selected according to the rock and soil materials at the construction 
site. For example, the contractor of the Red Rock section of the CAP rigged 
the conveyor system described above specifically for that project. For steeper 
cuts the top of the bridge conveyor could be supported over the open cut at 
the end of a short stacker conveyor. With this system even vertical cuts could 
be made by adapting conventional conveyor systems to the Holland Loader. 
Another adaptation that has been proposed for steeper cuts in open-pit mines 
is to use the loader's feeder belt to load a sandwich belt high-angle conveyor 
system (Figure 3-26). Such systems allow shorter conveyor length and permit 
muck removal from excal'ations having steeper slopes, both of which result in 
construction savings. This system seems ideally suited for the 60° slopes pro­
posed for the Maricopa SSC cut-and-fill construction segments. 

In summary, since the Holland Loader was the most productive and least expenshe 
of the excavation systems used in fanglomerate along the CAP route, it is an 
excellent candidate for use at the Maricopa Site where similar fanglomerates 
exist. Accordingly, the Arizona SSC Project prepared a contractor's estimate 
to document the cost and scheduling benefits that could be realized by using 
the Holland Loader for cut-and-fill sections of the ring. This estimate, as pre­
sented in Appendix 3-B and summarized in Section 3.5.4.6, is based on the follow­
ing construction procedures: A Holland Loader wiII make successive passes 
along the trench line and dig a 20-foot wide trench graded to an angle of 60°. 
Muck spoils will be conveyed to one side of the excavation over the rear loader. 
Tunnel sections will be cast in place, and liner construction will proceed at a 
rate of 300 feet per day. 

A small rotary separator will sort the excavated materials for select backfill 
that will be tamped into place around the tunnel sections with a sheepsfoot 
roller at 2,000 yd 3/hr. The Holland Loader will replace regular backfill at a 
rate of 6,000 yd 3/hr. Leftover materials wiII be spread over the disturbed 
area, contoured by a grader, and reclaimed by hydroseeding. 
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FIgure 3-26 
A Sandwich Belt High-Angle Conveyor System 
State of Arizona, Maricopa Site, September 2, 1987 
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Alternath'e System. The continuously excavating, cast-in-place pipe laying and 
backfilling system denloped by the R. A. Hanson Company, Inc. (RAHCO) for 
the U.S. Air Force provides a yiable alternative to either of the systems discussed 
previously. The system was used to construct a test tunnel near Yuma, Arizona 
in fanglomerates similar to those present at the I\Jaricopa Site. 

The three-machine cast-in-place system consists of a mobile truck unloader. a 
slipform work jumbo, a form transporter, and collapsible innerforms. The equip­
ment, which operates with a crew of 14, laid 5,089 feet of 6,000 psi concrete 
pipe during the test. The three-machine system placed nearly 700 feet of con­
crete pipe with an inside diameter of 14 feet 4 inches and a wall thickness of 
eight inches in eight hours. 

This system could be coupled with existing RAHCO excayating equipment or 
with a Holland Loader to provide a continuously excayating, pipe laying, and 
backfilling system operationally capable of producing up to 1000 feet of finished 
concrete-lined tunnel per day. 

3.5.4.2 Ring and Injector Complex Tunneling. In this proposal CUs with substan­
tial segments lying deeper than 60 feet are assumed to require excavating by 
machine tunneling. Materials encountered at the Maricopa Site range from 
fanglomerate ("weak rock") in CUs 1 and 6, to plutonic and ,'olcanic rocks 
("hard rock") in CU 9. CUs 3, 4, 5, 8, and 10 haye mixed conditions with 
both weak rock and hard rock sections. 

Tunneling in Fanglomerate. Fanglomerate as a tunneling medium was field­
tested for the Arizona SSC Project by the ANAMAX Mining Company which dug 
two short tunnels in the fanglomerate at the Twin Buttes open-pit mine on 
October 18, 1985 (Figure 3-27). A Gradall excavated two unsupported tunnels 
of 12 to 15 feet in diameter, 15 feet deep, to test the stand-up time, i.e., the 
amount of time that the ground can remain unsupported after excavation without 
local or general failure. The longer the stand-up time, the less chance that 
ground failure will cause problems during construction. In the more than 18 
months since the test tunnels were dug, the fanglomerate has stood up remarkably 
well. Teeth marks of the Gradall are still visible in the back, face, and ribs 
of the openings. This test confirms what is clear from an examination of the 
miles of pit wall at the Twin Buttes Mine and from the measured physical pro­
perties of the material (see Section 3.5.2.1). Stand-up times of months to years 
are characteristic of fanglomerate. 

As indicated in Section 3.5.3.1, the Papa go Freeway Drainage Tunnels in Phoenix 
provide an example of successful tunneling in fanglomerates within Arizona. 
One tunnel has an excavated diameter of 17 feet, the other two have excavated 
diameters of 25 feet. ,All were excavated with backhoe diggers inside a shield, 
not the shielded TBl\fs with rotary cutterheads proposed for the Maricopa Site. 
The initial supports for all the Papago tunnels were precast segments similar 
to those proposed for the SSC tunnels bored into weak rock. 

Although overall production comparisons between the SSC soft rock tunnels 
and the Papago Tunnels are not instructive because of the differences in tunnel 
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Figure 3-27 
Gradall Excavated Tunnel Within Fanglomerate Assemblage Materials at the 
Twin Buttes Pit 
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size and engineering qualities of the materials, comparisons of the time for 
excaYation and the set up of initial support systems of the Papa go Tunnels with 
anticipated SSC systems is meaningful (see Table 3-13). The Maricopa figures 
may be calculated from the TBM Excavation Progress sheets for Maricopa CUs 
1 and 6 (see Appendix 3-B). 

Hard Rock Tunnels. A conventional hard rock TBM will be used for the hard­
and medium-rock at the Maricopa Site. Currently, use of a full-face TBM using 
17-inch disc cutters with thrust provided by a gripper system bearing on the 
rock walls is envisioned. This system will permit high advance rates, and allow 
the ground support to be tailored to the ground conditions (Figure 3-28). Recent 
use of TBMs similar to those proposed for the Maricopa Site have consistently 
averaged 145-feet-per-day (FPD) adYances from start-up to hole-through in 
hard rock similar to that present at the Maricopa Site (Table 3-14). The South­
western region has also experienced positive results from the appJica tion of 
TBM techniques in medium-rock conditions (Sperry, 1987). In 1972, the 20.5-
foot diameter Navajo 3 tunnel advanced at 194 FPD over an ll-day period. In 
1982 the 8.5-foot diameter McDowell Tunnel was completed at an overall advance 
rate of 209 FPD while working only two shifts per day. In 1983 a 700-foot­
long 18-foot diameter tunnel was built, excavating one shift per day, at the 
Nevada Test Site. This tunnel was excavated in only three weeks; although 
the short length kept crews from reaching maximum efficiency, the last 250 
feet were excavated in three shifts. 

In the hard-rock tunnels ground support will include spot rock bolting, rock bolts 
with wire mesh and shotcrete and, in the most highly fractured zones, steel 
ribs and lagging. A total of 84 sets of steel ribs and lagging are expected to 
be required in CUs 3, 4, 5, and 8. All other ground conditions will require 
only rock bolts and mesh. Most reaches will require no support. 

Based upon tests of rock samples representative of Maricopa Site lithologies, 
the Robbins Company determined cutter usage rates. TBM production is calcu­
lated using delay factors based on previous experience, the Robbins data, and 
analysis of published data (Sperry, 1987). Ground water inflow is assumed to 
be one gpm per 100 feet of tunnel in medium and hard rock. The inflow is not 
sufficiently concentrated in anyone area to require grouting. 

Other Conditions. The first 300 feet of each tunnel at the Maricopa Site will 
be excavated by drill-and-blast methods to pro\'ide a starting chamber for the 
tunneling machine. When tunneling is begun from a shaft, a 200-foot tail tunnel 
will also be excavated by drill-and-blast techniques. 

3.5.4.3 Experimental Chambers. In order to keep costs down and to facilitate 
construction, the collision halls at the Maricopa Site are located close to the 
existing ground surface. Floor levels of chambers on the east side of the ring, 
near the injector complex, are 150 deep. Chambers on the west side are 100 
feet deep with future chambers at 110- and 120-foot depths. 

Drill-and-blast excaYation will be required for the eastern chambers Kl and K2 
which will be founded in small hills of granite. The excavations will be benched 
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TABLE 3-13 

CO~lPARISON OF TB~I UTILIZATION 
PAPAGO FREEWA Y DRAINAGE TUNNELS vs. SSC WEAK ROCK TUNNELS 

Papago Tunnels 
SSC Weak Rock Tunnels 

TBM 
Utilization l 

% 

47 
34 

Segment 
Erection Delay2 

% 

19 
20 

1 TBM utilization is the time of actual TBM operation 
dh'ided by the total calendar time. This table shows 
that the utilization factors used in the Sierrita Site 
estimates are consenative when compared with recent 
experience in similar conditions. 

2 Segment erection delay is the time required to erect 
a ring of segments divided by the total calendar 
time. Segment erection delays used in the Sierrita 
Site estimates are thought to be reliable based upon 
the Papa go Tunnels construction experience. 

TABLE 3-14 

ADV ANCE RATES ACHIEVED BY RECENT AMERICAN TUNNELS 

TUNNEL DIAMETER ADVANCE YEAR 
Feetjda)' 

Chicago 73-162-2H, #1 14 145 1980 
Chicago 73-162-2H, #2 14 179 1981 
Sultan 14 138 1982 
Sandbar 12 128 1985 
Milwaukee 17 140 1987 

Maricopa Hard Rock Tunnels! 10 132 
Maricopa Weak Rock Tunnels l 10 202 

1 Estimated al'erage advance rates from Tables 3-18 and 3-24. 
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Figure 3-28 
Tunnel-Boring Machine Proposed for Use at the Maricopa sse Site 
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and require the limited use of rock bolts as necessary. Caterpillar 988-type 
front-end loaders with rock buckets will be used to load the muck onto crane 
hoists or a high-angle conYeyor system. These chambers also could be excayated 
from short tunnels driYen into the side of the hill. Because this approach 
would effecth'ely place the chambers at the surface, it would decrease the 
total depth of the chambers by approximately 50 feet and lower operational 
cos ts. 

Western chambers 1\-3 and K-4 will be founded in fanglomerate. Caterpillar 
988-type front-end loaders will excavate the chambers in conjunction with the 
Holland Loader system suggested for ring excavation. Sixty-fiye ton trucks 
will remove muck l'ia ramps located at the chamber site. The excellent stability 
and ease of excavation of the fanglomerate allows rapid, low-cost construction. 
Excavation walls are assumed to be stable with a slope angle of 60°, and no 
special ground stabilization will be required. The site can be excavated for 
construction of the experimental chambers in less than a month. An alternate 
method of construction is to install a tied-back, soldier pile/wale lateral support 
system. This system would provide lateral support while the excayation is being 
advanced vertically. This system could be made part of the permanent walls of 
the structure. 

3.5.4.4 Shafts. Key information on the Maricopa Site shafts is provided in 
Table 3-15. Included are the location of each shaft by mile number, the con­
struction unit in which it is located, the type of shaft, the depth of the shaft, 
and the major rock type to be encountered. Three of the shafts (Mile 5, 13.3, 
and 36.5) are to be box-trenched for tunneling purposes. 

The shafts are 20 to 30 feet in inside diameter with depths ranging from 50 to 
810 feet. An impact breaker mounted on a tractor base (see Figure 3-29) is 
recommended for the shafts collared in fanglomerate. The drill-and-blast method 
is recommended for excavating hard rock shafts. 

The method of mucking out is an individual choice and can be based on the 
equipment already owned by the contractor. The estimated costs in this proposal 
were based on using a front end loader for mucking the 30-foot-diameter shafts 
and an Eimco 630 for the 20-foot-diameter shafts (Figure 3-30). 

For the five shafts in fanglomerate less than 120 feet deep, an auger drilling 
method is recommended as possibly a less costly alternathe. Since the water 
table is several hundred feet deep in these areas, it will not hinder the applica­
tion of this technique. In Arizona, this method was effectively used to construct 
Titan II missile silos in fanglomerate similar to that present at the Maricopa 
Site. If the method is cost-effectin large-diameter auger drilling methods 
would greatly increase safety when sinking these shafts. 

A type of finish used in mines is considered suitable for the shafts and drifts. 
The recommended method is lining with welded wire mesh, rock bolts and shot­
crete (Figure 3-31). 
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TABLE 3-15 

( 
MARICOPA SHAFTS 

Construction Hoist Cos ted Actual Rock 
Mile Unit Type! Method Depth 2 Depth 2 Assemblage 

0.0 1 E3 Crane 250 260 Fanglomerate 
2.5 1 F 2 Crane 100 120 Fanglomerate 
5.0 1 E2 Crane 80 80 Fanglomera te 
7.5 2 F 1 Crane 60 55 Fanglomerate 

10.0 2 E 1 Crane 60 50 Fanglomerate 
13.3 3 F 10 Crane 240 110 Granitic 
16.5 4 E 10 Crane 180 150 Granitic 
18.9 4 F 9 Crane 210 185 Fanglomerate 
21.45 5 E 9 Crane 330 300 Volcanic 
24.0 5 F 8 Headframe 380 340 Volcanic 
26.5 5 E8 Headframe 350 335 Fanglomerate 
29.0 6 F 7 Headframe 400 380 Fanglomerate 
31.5 7 E 7 Crane 270 250 Fanglomerate 
34.1 7 F 6 Crane 160 150 Fanglomerate 
36.5 7 E 6 Crane 110 115 Fanglomera te 
39.7 8 F 5 Crane 70 80 Fanglomerate 
42.8 9 E 5 Crane 120 145 Fanglomera te 
45.2 9 F4 Headframe 370 460 Granitic 
47.8 9 E 4 Headframe 800 810 Granitic 
50.3 9 F 3 Headframe 470 480 Granitic 

1 E shafts are 20 feet in diameter. F shafts are 30 feet in 
diameter. 

2 Costed depth is the depth used to estimate the cost of con-
struction, an adjustment to the ring tilt changed the shaft 
depths to the listed actual depth. 

No shafts are in Construction Unit 10. 
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FIgure 3-29 
Tractor-Mounted Impact Breaker Proposed for Use at the MarIcopa sse Site 
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Figure 3-31 
Typical Shaft Finish Proposed for Use at the Maricopa sse Site 
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Since 1978 at least ten major shafts have been constructed for the mining in­
dustry in southern Arizona. The diameters of the four shafts listed in Table 3-
16 are between 20 and 30 feet. The depths of these mining industry shafts 
ranged from 1.600 feet to 4,800 feet. The two shafts listed in Table 3-16 for 
Magma Copper Company's San Manuel Mine, 100 miles southeast of the Maricopa 
Site, were sunk through approximately 1,500 feet of Gila Conglomerate. a fan­
glomerate material present in the San Manuel region, and the San Manuel Fault, 
a low-angle normal fault of regional extent. From 2,000 to 4,000 feet below 
ground surface, continuous grout covers were used to bring water inflows down 
to manageable amounts. The Maricopa Site shafts have conditions much less 
severe than do these successfully constructed deep mining shafts. There is no 
doubt that the shafts at the Maricopa Site can be reliably constructed without 
impacting the project's schedule. 

Heavy construction estimates were made for each of the Maricopa Site shafts. 
These estimates consider the geologic setting and depth of each shaft. Construc­
tion cost estimates are presented in Section 3.5.4.6 and Appendix 3-B. Experience 
gained from Arizona's deep underground mines demonstrates that l\laricopa Site 
shaft depths will not restrict or add costs to the operation and maintenance at 
the sector service areas or exit shafts. 

3.5.4.5 Safety. The Arizona Division of Occupational Safety and Health 
(ADOSH) has deyeloped an innovative program of safety and health consulta­
tion senice for the construction industry. ADOSH consulting personnel offer 
only information, advice and on-site inspections to help employers protect their 
workers at no cost to the contractor; they do not enforce standards or issue 
citations. ADOSH safety regulations meet or exceed Federal safety standards 
(ADOSH, 1986). The following senices are aYailable: 

o 

o 

o 

o 

o 

o 

On-site suneys to identify hazardous conditions. 
Advice on how to eliminate or reduce these hazards. 
Assistance in establishing safety programs. 
Advice on interpreting and applying the standards to specific situations. 
Assistance on specific safety or health problems during the planning 
and construction of the SSe. 
Training programs for employers, supenisors, and employees. 

Several benefits will be realized from this program: 

o 

o 

o 

o 

Increased safety awareness. 
Reduced accident rate and less severe injuries. 
Reduced premiums for workman's compensation. 
Greater productivity. 

ADOSH has committed to providing an on-site safety consultant full-time for 
the construction of the sse at the Arizona Maricopa Site. 
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Mine 

Magma Copper 
Superior #9 

Magma Copper 
San Manuel #5 

Magma Copper 
San Manuel #3D 

Phelps Dodge 
Safford #2 

TABLE 3-16 

RECENT LARGE SHAFTS IN ARIZONA 

Diameter 
Ft. 

22 

22 

Depth 
Ft. 

4825 

4200 

3740 

1600 

Wall 
Inches 

12 

24 

24 

12 

Excayation 
Ft./wk 

77 

46 

77 

70 

Total Geologic 
Ft./wk Setting l 

52 Volcanic 

Fanglom-
28 erate/ 

Granitic 

Fanglom-
60 erate/ 

Granitic 

55 Volcanic 

1 The geologic setting is described in terms of the assemblages present 
at the T\laricopa Site. The materials present at these shafts are 
correlatiH with those present at the Maricopa Site. 
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3.5.4.6 Proiect Costs. Several significant construction advantages at the rvlaricopa 
Site will reduce construction costs and shorten construction schedules. The 
presence of fanglomerate Ol'er much of the site with its excellent properties 
for rapid construction of both deep cut-and-fill and TBM tunneling means that 
construction will occur on a shorter schedule than that proposed by DOE. 
This adl'antage is reinforced by the al'ailability of all lands necessary for critical 
path construction by April 1, 1989 (see Volume 6, Section 6.2). The mining 
industry and the Central Arizona Project hal'e stimulated the del'elopment of 
fast low-cost construction techniques relel'ant to SSC facility construction, and 
the recent closing of nearby mines together with the completion of the Central 
Arizona Project make available a large and skilled work force in the immediate 
"icinity of the project. 

Spoils from the SSC project construction will be used to reclaim existing mine 
waste dumps (see Section 3.5.5), affecting the natural em'ironment only in bene­
ficial ways. In addition, the ability to build the ring in a single, almost level 
plane will simplify magnet design, construction, initial tuning, and long-term 
operation, with consequent sayings in cost and time. 

Cost Estimating and Modeling Process. In 1985 the Arizona sse Project assem­
bled a site el'aluation team to define the geotechnical studies required to locate 
the SSC in Arizona. The evaluation team recommended that a heal'Y construction 
estimate be del'eloped to quantify the site's adl'antages using the appropriate 
site-specific geotechnical data. Data described in Sections 3.1 through 3.5 were 
gathered to produce accurate cost and scheduling estimates. 

Heal'y-construction cost and scheduling estimates were used for cut-and-fill 
and TBM tunnels and shafts. Building estimates were used for surface facilit~· 
construction. This method was recommended by the Central Design Group in the 
Conl'entional Facilities Report. 

The SSC Project is dil'ided into ten CUs. As described in Section 3.2.3, a CU 
may include sel'eral different rock types with varying ground-support requirements 
but uses a single construction method. During screening studies aIternathe 
construction methods were evaluated for each of the CUs. Alternative configura­
tions for the CUs were also el'aluated. This earlier work defined the CUs and 
construction methods used to develop costs and schedules for this proposal. 
The Work Breakdown Structure (WBS) identifies costs by sector, and separates 
costs of cut-and-fill and TBI\1 tunnels, shafts, and experimental chambers. 

The most economic length for a tunnel construction contract is that which 
attracts tenders from a large number of qualified contractors and which is not 
so long that the excavation is delayed waiting for muck to be removed from 
the heading. Three subway tunnels in Los Angeles bid between January and 
June, 1987 have attracted eight or more bidders for contracts in the $30 - 70 
million range. Based on these results it may be concluded that there is adequate 
competition in the southwestern U.S. for tunnel contracts in this cost range. 
Because there may be high demand for tunnel construction while the SSC is 
being built, the Arizona SSC tunnel CUs are all sized so that the SSC project 
contracts may be limited to $30 million. 
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The Maricopa Site tunnel contracts are designed to be as long as possible. 
Lengths are determined b)' surface topography, material specific TBM production 
rates, initial ground support construction, and muck r~moval methods. There 
are four contracts greater than seYen miles each at the ~laricopa Site. 

Hea\'y-construction estimates for each construction method alternative in each 
CU were input into a computer model for evaluation of total facility costs, 
schedules, and resource requirements. The computer model used by the Arizona 
SSC Project is called a Decision Support System (DSS). The DSS permitted an 
unbiased evaluation of construction alternatives in sufficient detail to define 
project constraints. This evaluation allowed the examination of multiple interlock­
ing alternatives, and a flexible approach to minimizing costs and schedules. 

The DSS developed for Arizona's SSC program has eYolved over the past 10 
years on various mining projects (Miller and Milligan, 1987). Its basis is Pro­
ject/2 software developed by Project Software DeYelopment Incorporated (PSDI). 
The DSS was adapted specifically for Arizona SSC Project analysis requirements 
and compatibility with the Central Design Group's work breakdown structure. 
The level of detail for Arizona's site-specific estimates met or exceeded that 
required for the DOE generic models. 

Arizona's model allows total integration of cost and schedule with summation 
of cost and schedule by CU, by construction method, and sector. The mode] 
can monitor up to 99 geologic and geotechnical conditions for both ground 
support and instantaneous penetration rate of the TBM for each tunnel contract, 
regardless of the sectors that the tunnel crosses. This aIlows an accurate evalua­
tion of the impact of changing geotechnical conditions as weIl as a realistic 
definition of contract lengths by economic, geologic, and topographic considera­
tions. Another benefit of this approach is the reliable evaluation of the merits 
of alternative construction methods as they apply to individual construction 
units and to the project as a whole. The sensitiYity of the J\laricopa Site to 
innovations can be quantified to demonstrate accurately the benefits of Arizona's 
construction conditions. 

Construction costs can be entered in a number of ways, for example as simply 
as a unit price, or as complex as a detailed estimate. The program allows tile 
user to mix various estimating systems or methods in a single model. 

Site-specific heavy-construction estimates were developed for all facets of con­
struction except utility tie-ins and site infrastructure, which account for 19% 
of the total cost. These non-site-specific sections of the cost estimate are 
based upon the CDG Comentiona] Facilities Report. 

Contingency Factors. In accordance with sound practices, the contingency for 
the project is the sum of separate bid, design, specification, geotechnical, and 
competition components that may be added to a rational estimate. Rationa] 
estimates are used to describe the most realistic estimate of the cost of the 
work that can be made at the time. A rational estimate is based on detailed 
and valid assumptions of construction methods, materia] and equipment costs, 
wage rates, labor requirements, and rates of progress. The o\'eralJ contingency 
is applied as an umbrella surcharge. 

State of Arizona. AIaricvpa Site. September 2. 1987 Voilime 3. Page 88 



Estimating the cost of underground construction involves considerable judgment. 
In general, the best accuracy that a contractor expects in a tunnel bid is 10%, 
that is, a 10% gap between the low and next lowest bidder. A 5% bid contingency 
was used for Maricopa Site estimates. 

In the early design phases, before contract documents have been prepared. 
there is no specification basis for the estimate. The estimate is usually based 
upon specifica tions commonly used in the industry. If the owner agency is known 
to use specifications following the recommendations of "Better Contracting for 
Underground Construction," a publication of the U.S. National Committee on 
Tunneling Technology, no specification contingency need be added. Since the 
Department of Energy has used these specifications, no specification contin­
gency was added. 

The DOE and CDG have provided sufficient information to enable a contractor 
to make an intelligent and fair bid for SSC construction contracts; therefore, 
no design contingency was added. 

The geotechnical contingency is often the largest contingency added to the 
estimate of an underground project. This provides for the cost of handling 
unanticipated geotechnical problems discovered during actual construction. The 
cost of this contingency can often be rationally evaluated, especially in those 
instances where only the extent of a known construction procedure is subject 
to change. For the Maricopa Site, a panel of construction and geotechnical 
engineers rCYiewed the information available for each rock type and the construc­
tion method planned (Miller et !U., 1987). The geotechnical contingencies repre­
sent a consensus based on potential geotechnical ,'ariability, extent of charac­
terization, and sensitiyity of the construction method to the range of potential 
conditions. Contingency factors for each unit are given in Table 3-18. 

The last contingency results from bid competition in the tunnel construction 
industry. For tunnels to be bid in the next several years, market conditions 
may be forecast from current industry capacity and a review of planned con­
struction. A 1987 forecast suggests that a competitive contingency is not war­
ranted for this study. 

Inflation factors for wages, and cost of materials and equipment are added 
after the total contingency factor is applied. Table 3-17 summarizes the recom­
mended contingencies that should be added to the estimated costs. 

Cut-and-Fill for Ring and Injector Tunnels. Heavy construction estimates were 
deHloped for each of the cut-and-fill sections using methodology described in 
Section 3.5.4.1. Summations of this estimate are given in Tables 3-18 and 3-
19 and a representative estimate is presented in Appendix 3-B. Table 3-18 
summarizes the characteristics of the CUs in length, estimated daily production, 
and geotechnical contingency. Table 3-19 summarizes the costs of cut-and-fill 
construction at various depths. Tables summarizing cut-and-fill excavation 
details for the acceleration ring, high-energy booster, medium-energy booster, 
low-energy booster, and experimental chambers are provided in Appendix 3-B. 

TBM for Ring and Injector Tunnels. Estimates were developed for each of the 
TBM tunnels using the methods described in Section 3.5.4.2. Summations of this 
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TABLE 3-17 

CONTINGENCY FACTORS 

DESCRIPTION 

Bidding 
Specifica tion 
Design 
Supply and Demand 
Geotechnical 
Competition 

Total Contingency 

*NA = Not applicable. 

State of Arizona, Maricopa Site, September 2, 1987 

CONTINGENCY 
% 

5 
NA* 
NA 
5 

10 
NA 

20 
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TABLE 3-18 

CONSTRUCTIOi\ ~]ETHOD SU]\J]\JARY OF CONSTRUCTION UNITS 

Description Construction Predicted Geotechnical 
Unit A nrage Contingency 
Length Production % 

Feet/Day 

Unit 1 Weak Rock TBM 29,568 201 10 
Unit 2 Cut-and-Fill 41,184 97 1 5 
Unit 3 Mixed Rock TBM 13,200 145 15 
Unit 4 Mixed Rock TBM 31,680 185 15 
Unit 5 Mixed TBJ\J 39,600 182 20 
Unit 6 Weak Rock TBM 45,408 204 5 
Unit 7 Cut-and-Fill 21,648 95 1 5 
Unit 8 Mixed Rock TBM 18,480 168 15 
Unit 9 Hard Rock TBM 38,016 123 10 
Unit 10 Weak Rock TBM 42,600 201 5 

Weighted Average for TBM 180 11 
Weighted Average for Cut-and-Fill 96 5 

Weighted Average for Project 164 10 

1 Cut-and-fill advance rates vary with depth and length of cut. 
Rather than providing faster advance rates, cut-and-fill construc­
tion allows construction to begin sooner, and construction can proceed 
at several points along a contract length simultaneously. It is possible 
for cut-and-fill construction to be completed before a TBM can be 
purchased and installed, despite the apparent slower advance rates. 
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TABLE 3-]9 

ESTIMATED CUT -AND-FILL TUNNEL 
CONSTRUCTION COST PER FOOT l 

DESCRIPTION DEPTH OF CUT IN FEET 

60 70 80 90 100 

Excaya tion Volume cu. yd. 121 157 196 240 288 

Excayation $/ft. 49.61 64.37 80.36 98.40 114.80 
Regular Backfill $jft 57.02 75.02 94.52 116.52 140.52 
Select Backfill $/ft. 7.66 7.66 7.66 7.66 7.66 
Cast-in-Place Pipe Cost 253.47 253.47 253.47 253.47 253.47 
G & A + Tax @ 12% 44.13 48.06 52.32 57.13 61.97 
Profit @ 10% 36.78 40.05 43.60 47.61 51.64 
Total Sift. 448.67 488.63 531.93 580.79 630.06 

1 The tunnel excayation cost estimates assume using a Holland Loader 
system with a 60° slope profile. 

Cost estimates are in 1987 dollars. 
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estimate are presented in Tables 3-20 through 3-24. Table 3-20 summarizes 
the TBM costs for CU 3 which is typical of the Maricopa Site, Table 3-21 the 
direct cost calculations for CU 3, Table 3-22 the plant and equipment cost calcu­
lations for CU 3, and Table 3-23 the indirect cost calculations for CU 3. Table 
3-24 lists examples of unit costs for the three tunneling methods to be used at 
the Maricopa Site. A representative estimate is included in its entirety in the 
Appendix 3-B. 

Comparison of TBM versus Cut-and-Fill. For purposes of this proposal, use of 
a TBM was assumed for ring depths greater than 60 feet. The experience of 
local contractors with the fanglomerate demonstrates, however, stable open-cut 
excavations to depths of between 80 and 100 feet. Table 3-24 lists a cost of S 
640/foot for a TBM tunnel in fanglomerate. Table 3-19 lists a price of $630/foot 
for a cut-and-fill tunnel in fanglomerate at a depth of 100 feet. Considering 
construction cost alone, the breakeven point between cut-and-fill and TBI\I 
tunneling occurs at a depth of about 100 feet. Assuming an 80-foot depth, 
there are seven additional miles of cut-and-fill construction at the Maricopa Site, 
and 15 additional miles at a 100-foot depth. The injector complex, by-pass 
tunnel, and 63% of the collider ring may be constructed with cut-and-fill methods 
by deepening the cuts. To be conservative in the estimates, a depth of 60 
feet is assumed. However, experience shows there is significant increased flex­
ibility and reduced costs using cut-and-fill as an alternative to TBM tunneling 
up to a depth of 100 feet. 

Experimental Chambers. Heavy construction estimates were developed for the 
experimental chambers and injector complex using methods described in Section 
3.5.4.3. Summations of this estimate are presented in Table 3-25. 

Shafts. Heavy construction estimates were developed for the shafts using methods 
described in Section 3.5.4.4. Table 3-16 summarizes the CUs for shafts. Table 
3-26 compares the unit cost of shaft construction at the Maricopa Site. The 
projected total cost of an "average" shaft is presented in Table 3-27. A complete 
representative estimate is included in Appendix 3-B. 

Total Facility Cost. The total facility cost estimate for the Maricopa Site is $709 
million (Table 3-28). Contingency factors are based upon Arizona conditions; 
estimates of AE/CM services are based upon percentages for the total project 
developed by the CDG and presented in the Conventional Facilities Report. 
Cost estimates for the Maricopa SSC Site are contrasted with the DOE's Projected 
SSC Construction Funding Profile for generic model "c" in Figure 3-32. 

Schedule. Figures 3-33 to 3-37 summarize the Maricopa Site schedule and typical 
schedules for cut-and-fill, weak-rock TBM, hard-rock TBM, and shaft construc­
tion. The Maricopa Site schedule takes advantage of the fact that all the lands 
required for critical path construction will be available at the time of awarding 
the first contract (see Volume 6, Section 6.2). It also follows the basic premises 
used by the CDG schedules. The project can be completed in 2.5 years according 
to the DSS analysis. 
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TABLE 3-20 

SUMMARY OF TBM COSTS! 

COST TOTAL COST COST jFOOT OF TUNNEL 

Direct 2 

Plant & Equipment3 

Indirect4 

$9,672,893 
$5,225,393 
$4,618,710 

$327 
$178 
$156 

TOTAL $19,546,996 $661 

1 The displayed costs are for Construction Unit 1 
which is typical of the Maricopa Site TBM Construction 
Units. The tunnel length is 29,568 feet in weak rock. 

2 See Table 3-21 for a detailed listing of Construction 
Unit 1 direct costs. 

3 See Table 3-22 for a detailed listing of Construction 
Unit 1 plant and equipment costs. 

4 See Table 3-23 for a detailed listing of Construction 
Unit 1 indirect costs. 
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902343031 SHAFT SET tIP 

23430.31 ··TOTAL.· SIUFT SZT UP 
892343033 SH.U"1" CO%,.l..A.R 

.23430.)3 ··'%'OTU.· all&F1' COl.~ 

1" .... '0 TO 31D1;CiO 

l"AlUO TO .,lPEcao 
lJa.tUl TO llOE-Cil 

2',63i6 

o 

o 

355965 

450593 

450!i3 

417524 

40ge20 

o 

233475 

4'U5 
o 

143091 

1430'1 

o 

o 

'03"0 

,O)6tO 

588343 
"'6'45 

'34988 

nO'3 

1015 
'7436 

,.,.5) 

314782 

)5'" 

189)90 

189390 

1550":'7 
8112 

163'189 

934:6 

280l"la 

54)504 

101C"O"'9 
2a251" 

12 il25;' 0 

1551629 

10e54~5 

12Z49H· 

TCTAL 
OO:.u.P..:i 

3110844 

)110dH 

406886 

406888 

13'1~li 

118864 

1186'" 

2U63-" 

1062S20 

1174339 
11 iill1 

14:94256 
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&!\t:ONA sse PI\OJE.CT 
IGJ\Icc.oA SITE 

FACILITIE.S ~STIMATE 
YUJU. Y COST SlJHoU.J\Y 

""S 
NUHBEP. DESC1\IPTION 

U234303( SH.AET SINlCING 

23430.34 "-rcrr..x. •• SHAFT SIlf]I;:ING 
U234J035 $H.U"'T FURNISHING 

23430.35 •• TOTAL·· SHAFT FUJI'.NISJUNG 
19234303' sHAFT ClZ.AN UP , OEM 

Ace PEP. 

IJA1UO TO 31D£CtO 
IJA.N91 TO ]IOECH 

IJA.N90 TO 31D£.I:90 
IJAH91 TO llDECH 

IJAJ-I90 TO 310EC90 
IJIJHl TO 3lPECH 

23430.3fi "'TOTA..L"· SKAFT Cl..E..IJoI UP , DD«>8 
912343031 s:tU.FT HANM'AY/ORlf7 

234)0.3"'; .·TOTAL·· SHAFT HANWAY IOIUFT 
"2344101 HEll EJUT BUILD .. COH 

IJ.uf90 TO 310EC90 
IJA.N91 TO llOEcn 

13AN~0 TO llOEC90 
IJA.Hil TO 31:>ECn 

23441.01 ··TOTU·· REB EXIT ItUIU> .. CQoGI'OSIT'£. 
992346016 HE.B ELE.CTRlCA.l. ... ELE. 

IJANe9 TO llDEeS' 

234 '0 .16 • ·TQTU·· HE.8 ELEC":"P.Xc..u. ... E1Z.CTRICA..L 
992347015 HE.B HECtWUCIt..L - HEC 

IJJ.N69 TO ) IDEeS ~ 

234"l'O.1! ·.TOTU·· HE8 KECJW-lIca.t. .. MECHANICAL 
102.(1,2314 N ARC SEC 8 SHAFT ... 

24123.14 ··TOTA.L·· N AJ\C SEC B SHAF'T' .. CONVEYING 

1+23 

SUP.FACE 
BUILD 

o 
o 

o 

o 
o 

o 

o 
o 

909637 
";':213 

1571850 

20716195 

.z076195 

870081 

8700el 

o 

LABO" 

465<1105 
287055 

752<11'0 

210504 
105.252 

1.271640 

666500 

ee6!OO 

110514 

110514 

144 60 

AJtIZONA SSC PROJECT 
to.RICOPA s:n: 

FACILITIES EST:MA':'E 
n:.AJU.l COST $ Ul+I.AJ\ Y 

"". 
NUMBER O~Sc\IPTIOH 

1240000 COLLIDER fUNG 
111200000 'rJNNEL ACCESS 

IJAN69 TO llOEC! 9 
13J.N 90 TO 310ECSI 0 

SURFACE 
8UIl.O 

o 
o 

112412.1. ·.TOTAL·· TUNH'EL ACCESS 0 
flI210000 TSH SET UP c:::HJUomEP. 

H2412B .. *"TOTAL··,..... SET UP CHA.HBEJ\ 
1112.0000 TaH TUNNEL &X.CI.VATIO 

13A.H90 TO 31DEC'0 

IJA.N90 TO 310EC90 

U2412C .·TOTAL"· TBH TU'N'NEL £,XCAVATION 
U12JOOOO mM T'U'H'N£l,. SUPPORT 

1JAl\Iil TO 31DEC'1 

o 

o 

1124120 •• TOTAL·· TBM TUKKEI. SUPPORT' 0 
tl124000a mM TUNNEL FIT AND C 

lJAN91 TO 31DEc91 

t12412Z •• T'C':U·. TaM TUNNEL FIT AND COMoCISSION 
tlll20000 'l"BH TUNNEL EXCAVATXO 

lJ.t.N90 TO J1D~C90 
IJAJHl TO llDEC91 

tl2413C -*'TOTAL·· TBH T'ON'NEL UCAv..TION 
tl1330000 TBH TUNNEL tWPPOP.T 

11241JD ·.TOTU •• TBH TUWNEt. SUPPORT 
1113400:'0 TaH TUNNE.L FXT AJ.,"D C 

lJAN t1 TO 31DEC91 

1..7AN91 TO llDECtl 

tI241)£. "·TOTU·· nH "fUNNEL FIT AND CQttiI5stoN 
U140000:: 1"t1NNE1. ACCESS 

IJJ...tIS9 TO 310~tU 
lJAN'O TO 310E.Ci'0 

o 
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LABOR 

101439 

101439 

23'3207 

23t3201' 

3'Hel' 

3"s.21' 

240030 
6~5" 

'370~ 

73'05 

43020 

43020 

1:.54' 

'0000 

'0000 

224U4 
290U9 

514". 

14e;o 
1 telS 

34.35 

90188 
45097 

135285 

55,1'50 
33cHIlO 

'95560 

o 
o 

732840 

732840 

14184 

14164 

HOOO 

1'000 

EOll:P~T MA.~IAL 
-_ .. &=-=-

o 

o 

o 

o 

l2U17' 
20!.;:eu 

o 

11401 

11401 

4'58':4 

3101te4 

3101U4 

23919 

2311' 

45"1 
1~28~ 

'0'.' 
3"'220~ 

372205 

2730 

2'130 

o 
o 

'570 
11'1204 

8"32 
h91 

U,U 
306.22 

71640 
75HO 

153200 

2UH 

9540 

9'40 

OVU.HE..A!:: 

" f'P.oFIT 

4123'44 

4123944 

)711S! 
123718 

414673 

TOTAL 
COLLARS 

1393898 

3b233~ 
1811 "'Il 

543501 

146ti350 
a40050 

23~i400 

90U31 
'fi2Z13 

3162401 

103'300 

100000 

100000 

TOTAl. 
OOLUP,S 

l269316 
205.!6'4 

~322l40 

112640 

112840 

7013025 

'70130.25 

3741616 

656645 
224569 

ISU15 

44sno 
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MIWNA sse P"OJEC'T 
to.1lICOPA. SITE 

FACILITIES ESTIMATE 
Y"E.AJ\L l' COST 5 t1t+lAA Y .... 

NUHllDI DESCRIPTl.OH 

112U4& ··TOTAL" TUNNEL t.Cass 
.114.20000 'rBH TUNNEL EXCA,VATIO 

,,0: PU 

IJAN90 TO 310£.ctO 

• 12414C ··TOTAL·· TBH 1'UNNE.1. IE.XCAVATION 
111430000 "I'BH Tt1H'NEL SUPPOR'%' 

1l2 .. l .. !> ··TOTU·· TBH TUNNEL SUPPORT 
t1144000Q TBH TtJNNE.L FIT AND C 

IJa.NSIl TO )lOECIl 

IJAN9Q TO )lOLCiO 
1.1A.H91. TO 310Ecn 

112414£ .. TOTAl. .. • TBH T'.J'NNEL FIT AND COM-tISSION 
112120000 '%'BH T1JNNEL E.XCAVJ.TIO 

IJAN90 TO )10ECao 
l,J'ANU TC 310E.C~1 

912421C -*'TOTU·· T8H T1J'NNEL E,XCAVI.TION 
812130000 TBM TtJHNEL SUPPORT 

1124210 ·--rOTAL"''' TSH TtJ'NttEL SUPPOP.T 
91':1"0000 'TBt1 TI.JNNEL FIT u:o C 

IJIJUl TO llOECU 

1,J'A.},I 91 TO 310Ecn 
IJIt.HU TO 310£C12 

912421£ ·*TOTAL·· T'&H T1J'NNEL FIT AND Cotol1ISSloN 
112200000 'TUNNEL ACCESS 

91242a • ·TOTAL-· TUNNEL ACCESS 
912:210000 TBH sa UP ou..HB~ 

IJAN8t TO llOEC8' 
IJANtO TO )10ECtO 

IJAJHO TO HOECDO 

o 

o 

o 

o 

106l3~ • 

Z6~33e 

""844 
124236 

17,,080 

223! 102 
171450 

2410352 

5i481. 

%338iO 

233810 

Altl:0NA SSC PP.OJ!:CT 
to..P.ICOPA. SI'IE 

FACUlTIES ESTDQn 
TE..LP.L'f COST S:Jtoti&.P,Y 

... s 
NUMB£!'. DESCI\IPTION 

IlZ220COO TBM 'fUNNEL UCAVATIO 

ACC PEP. 

1JAN90 TO 310EC'O 
IJAJUl TO 'lDEetl 

9l2422C ··TOTAL*· TBH TUNNEl. E.XCAVATION' 
t12230000 mH Tt.JNNEL St1fPOJItT 

.124220 ·*TOT.u." nH Tt.1'HN&L SUPPORT 
112240000 ftH TtnfNEL nT ANtI c 

1JANil TO )1DEetl 
1.1.AN.2 TO 3l0£C§12 

t1242Z£ .·TOTAL" ftH TU}."'N£1. FIT J.ND C0M4ISSION 
.12320000 TBM TUNNEL EXCAVA':'IO 

IJAN'O TO )1D£C'O 

'1242)<: *·TOTU*· ftH T1JNNE.I. £,XCAVATION 
.12330000 TBH TUNNEL SUPPORT 

912423D ··TOTU*" ftH Tt1NN&L StJPPOP,T 
112340000 DoH TUNlIEL rIT AND C 

IJA.H91 TO )lDEC91 

IJA.H91 TO 'lOE-ell 

t12423& • "TOTAL*· T'BH Tt.~I. FI'T AND CON-{l.S$ION 
tl2420000 T8H 't'UNNE.L Uc:&v"'TIO 

IJA1UO TC 31DEC90 
lJ1HU TO 31D£cn 

.12424C •• TOTA.Lu T8H T'\11'fNEI. EltC&VATXON 
t1243(\OOO 'tBH '1'1nffiE,l. SUPPOP:T 

112424:J ."TOTU"· nH Tt1NNE.L SUPP~T 
.1.2440000 'JBH TI..INNE.L FIT .&NO C 

lJ'ANtl TO 310ECH 

IJAH91 TO llD£C91 

'12424& .·TOTAL·" nH ~ FI'T AND COttiISSIOW 

SUPFACE 

o 
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18333"72 
14SC550 

328] '22 

182500D 

1825009 

""041 
144942 

UO'83 

4UI20 

158319 

15')19 

91978 

tt918 

501194 

501194 

33l.07 

33380., 

o 
o 

9049221 
56820' 9' 

14'31290 

o 

o 

o 

o 

o 

o 
o 

o 

o 

o 

o 

o 

211'03 

211U03 

136-4<178 

13,,,,,,8 

3108 
"HI12 

10920 

4~.400 
37':'64 

3099759 

lOUtS9 

21U' 
1953 

23919 

25285 

25285 

1120 D03 

!l4U5 
U14 

'4059 

1194.9 

11"8' 

'.3307 

681307 

6 ... 20 

'420 

331029 
'6151 

42",,10 

26"114 

21119 

2118' 

OYI:IU<UD 
, ,M)FIT 

20142'70 

3468455 
290-'05 

OVU.HE,>.D 
, PP.OF:T 

7039931 
)132":'81 

101 '2122 

'23'95 

,23tt5 

3440110 

TOTAL 
OOLl.A.P,s 

!09!>2 
IJ~(>4a 

183000 

36'7-:'34 
:!3012 

40074 , 

t04 ;'';;:21 
5'8.206;' 

14731.290 

259155 

2SUS5 

ii2023; 
4'~5"'3::'5 

1457i~46 

900H!6 
lS40H 

10S5042 

151,,404 

1512404 

84162' 

595';:U6 

316i308 
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IJUz.otU. S$C .",o.n.CT 
,GJUCOFA Sl1S 

FACILITIES E.STbiAT'E 
1'I.AJU. Y COST S IJI+LU\ 't 

ns 
M.-", DE~IPTtOti 

113100000 'l"t1NN'EJ.,. ACCESS 

t1l"JU .-TOTUu Tl1MtfEl. ACCESS 
t1314::0000 'TBH TtlNNEL I'.lCAVA.T!O 

IJAHe9 TO 310E-clt 
1JAN90 TO 31D&e90 

1J&.H90 TO 31DEC90 

,12431C .-TOTU4I4I TBH T'fJ)INE.L &XCA.VATIOH 
u')130000 'l'BH TUtlNEL SUPPORT 

1J~n TO llDEctl 

SUPFACE 
BUI1.O 

o 
o 

o 

,1:4310 "TOTU" TIIH TUNNEl. SuP.~T 0 
913140000 TBH Tt.nmEL FIT AND C 

1.1a.M90 TO '10E.C90 
IJa.Hil TO 31PttU 

9l~"3lE. '" 4IT"OTU4I· TaM TUJfN&.t. FIT AHD CCIt'I.11SSION 
113400000 NNN'EL .. cass 

,12"'41. --'tOTAL·· Tt..~ -.cass 
913410000 mH SJ:r UP QU.HBEJI.. 

9124348 • ·TOTAL"'. TBM SE.T tTP CHJ.HBEPl 
jl:H200QO TBH Tt»DlEL UCAVa.TIO 

IJAJte, TO :!1Dr.cS9 
IJ .... ~O TO llOE.C90 

lJA.H90 TO llDECtO 

IJAN90 TO 3l0E.C90 

tl24l4C "TCTU·· nH Tl1NN&L uca,VATION 
113430000 T!JH TUNNEL suppop.'%' 

9l.24340 ·.T'O'TU •• T'8H Tt1NNEL SUPP01\T 
91)440000 TeH TtrrmEL FIT AND C 

lJAH91 TO 31DE.C91 

IJAN91 TO ]1DE.C91 

o 
o 

o 

o 

239871 

239871 

58964 

119'1 
310~t 

430;:0 

101439 

101439 

422US 

15)191 

A.P.tZ.ON~ SSC PP.OJE.CT 
Hl.RICOSJA. S:";l: 

ra.Clt.ITIES :£s:'DiAn 
1"tAJU.! COST Stn+I.U\l' 

"". 
lIUKBER DESC1\IPTIOti 

914.100000 T'tINNEL Acass 

tlZ44U ·.TOTAL·· 't'tJJINE.L I,Cc::R.SS 
t14110000 TB.."'I SET W 0i.AHBJ2't. 

t12441.8 •• TOTAL·· TWt SET \JII ClP.MBEIl 
'14120000 'mH TUtlNEL EXc.a.v~·no 

1J&.N89 ~ 310£C89 
IJ&N.90 TO 310&.C90 

1.nH.O 'rO 31DE.C.O 

lJU90 TO 31D&C10 

11244IC ·.'to'TU·· TBH Tt7H'HEL UC&nTIOti 
914130000 '11lH Tt1WN£L sQPPon 

'124410 •• TOTAl.·· TBH 1"CJ'NJ«l. StlIPPOJ\T 
9141.40000 TBH Tt1NNEL FIT AND C 

13U:90 TO 31D£.C90 
IJ&.H91 'to 31D£C91 

13a.MtO TO 31.DEC90 
13»1'1 TO 31D&.C11 

'l.2·ua ··"tOTAL .... TBM 'f'l11fNEL FlT A.H1) c;ote4l.SSION 
n4220000 'mH ~L UCAVATIO 

l.:1AJi 90 "rO 31DEC90 

tl2442C "TO'!'AJ.·· TSH. nnn&L cxc:&Va.TtON 
114230000 'l'It.H Tt1N'N"EL SUPPOM 

'124420 ··TOTIt.l.·· TItoM TVNl&l. SUP.OJllT 
914240000 1'DM Tt1NNE.l.. FIT AND C 

13.uf90 1'0 11Dt:.C'O 

I.1AHtO TO :n.D£C90 
IJ&.N91 TO 31DE.C91 

912442E "'.'!'OTAL.· TBH 'f'ONKE.l. rrr I..ND c:a.fISSloti 
914300000 T'tJNNEL .a.ca.ss 
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LAJlop. 

10143.9 

101.' 9 

112531 

112531 

14'41 
24.'.18 

11961 
"393 

1013'54. 

10U644 

itl'3) 

191633 

358e3 
1282. 

118iO-' 

332HOO 

502080t 
3152601 

8173410 

o 
o 

49591 

4tSU 

llOOH 

310064 

", 
195) 

;:'130 

11401 

11401 

559631 

4B09 

480t 

E.QtUIP~T MA.:'£..'D.a.L -_ .... _-
510;:340 

12'1353 

11401 

11401 

144130 

144130 

8-'0". 

", 
'111 

,.ee 

17'211 

1 "211 

"2273 

.1'£2" 

%.331 
5201 

'753. 

o 

Ovt.NlUb 
" PP"OFIT 

o 
o 

4'71425 

'8024 t 

0VUJ!E.1D 
" PP.oFIT 

1,]'0023 

2239981 

22)'187 

o 

TOTAL 
OOLLAP.s 

2043360 
1263')40 

3],20400 

,,0881 

367028 

3, 9028 

1.2738 
33012 

45150 

50Z080 9 
31~2'01 

112840 

11916&'5 

i1U'85 

'712822 

712122 

10496 

10"'6 

3502866 
2199414 

5'702340 

112840 

112$40 

228"84 

,736Z 
1035-;", 

113313. 

12':')8 
10Z~O. 

115;'42 

3511842 

3511142 

111:nO, 

ne3iO' 

12'1353 
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.t.JU:OWA. SSC PROJECT 
to.P.ICOIPA SIn. 

FACILITIES r.STllU.n 
J'E,lJU..y COST Sl.1MiAJ'.Y .... 

"tlHBD< DESQlUPTION 

112443.. ..TOTAL'" 'nnnlEL ACCESS 
'14310000 ':'aM SET UP au.HB.D\ 

Jl24438 •• TO't.u.". TBH SET uP c:Ji.Uot8ER 
tl4320000 ,.... 'r'ONKI:.t. EXc.a.VATIO 

a.c:c PE.R 

lJAH90 T'O llor.c:IO 

lJAtUO TO 310r.c:10 

1 JAN 10 TO llDE-CIO 

91244lC ··TQTLL·· TBH Tt1NHE1.. £XCAV"TIOW 
.14330000 mH TUNNEl. SUPpO~T 

'124430 ··TOTAL·· 1'BH Tl.1tlNE.L suppop.r 
'14340000 TBH TUNNEL FIT AND C 

1JAH90 TO 310EC90 

1JAJ' 90 ro '3 lD&C90 
IJAIHl TO llDEcn 

912443E ··'f'OTAL ... "taM 'T'U'NNEL in AND CON(ISSION 
.21200000 £l.E.~N SHI£LOING N 

1JA.NU TO llo£.cn 

'22412.to • -TOTU-· £.L£.CTP.ON SHIELOING NICHE-
921300000 ~N SKIE.LDING N 

lJA.H91 TO 31CE-eU 

922413A, ··TOTU.· &1.£.C1"RON SHIEl..OING NICJi£ 
121400000 E.L£C'X'P;ON SHIELDING N 

lJAJUO TO 310EC90 
1J.&.N91 TO 310E-en 

'22414),. ..TOTU •• EI..EC"7"RON SHIEl.DING NICHE 
.22100000 El..LCTRON SHIE;LDI»G N 

1JAlU1 TO 310£C91 

,2242lA ·...,.OTll·· &l..ECT!'.ON SKIELOI.HG HI.CKE 
.22200000 E.I.EC'1'l'\ON SH.;:£Lot~ N 

lJA.N91 TO 31DEC91 

o 

o 

o 
o 
o 

lOU:!1 

101431 

ll12s,e 

331.l58 

392154 

392154 

499002 

UtO" 
295320 

4,3386 

392154 

1049082 

M.IZQN ... ssc PP,OJEct 
tQ.R:ICQt>A. SITE 

FACIl.:Tt&s ESTll1AT£ 
rEAP.LY COST StJlOtiA,P.Y 

DESOI.:tPTIOH .. 0: PER 

922422A. ··1"O'TU .. • lU.£C'T1\.ON SKIELOING .naa: 
.22300000 El..£.CTRON SHIE.:.OING N 

IJAN 91 TO 31DE'.CU 

t22423A ·*'fOTAL ..... ~Otf SR.I'ELOING NICK£. 
.224000CO J:[.£C'T1\ON SHIE.l.DING N 

IJAH91 TO llD&C9l 

12242..f.A ··TO'l'U" EL£C"TIII:ON SKIEl.DING NICHE 
'23100000 El.£CTROH SHIE.L.QIHG N 

IJANto TO 31cECiO 

'2243U ".TOTAL •• EI.ZC'TPlON S~lMG HICME 
.23400000 EI.£C"t'1'.OH SKIEJ.CI)JG H 

lJa.N91 TO llOEe91 

,22"f,1U, ·.T01'uu El.ECTJt.ON SH..IEl.DING Hlam 
.24100000 E%.EC11\OM Stt.IE.l.DIMG N 

1J.uno TO '310EC90 
l,:ANIl TO llDE-CIl 

.2244l..\ .-'t'01'U ... &t&CT'I\OM IHI.I:l..DING- MIOIE 
124200000 EI.£<:1'RON StlZELDING N 

IJ'AJrUO T'O 310£C90 

122442.A. 1"'I'O'fU"- EI.ECT1\OM SJU£L!)IllG NICHE 
U4)00COO E.1.E.C'n\OH SHIE.t.DING If 

IJ.t..Nto TO 310£(:90 

122 .. 43.&. ."TOTU" ELECTP.oH SKI.E.LJ)IHG NICKE 
131200COO p')M&p. u.cOVE 

,32412A, ·.'l'OTU .... POJiIER ~ 
.31300000 pOtfEJt ALCOVZ 

1JI.)tt1 TO 3101tC91 

IJaJU1 TO 31oEc91 
lJA.N92 TO 31cECt2 

S1JJ\FACE 
BUILD 

o 

o 

o 
o 

o 
o 

1049082 

51'810 

516810 

"8090 

lt8090 

133"0 

133""0 

74'9' 

130'18 

130'18 

130718 

37348 

2614'H 

209618 
123050 
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8146\1 

21119'0 

o 

o 

o 
o 

o 

11401 

11 ... 01 

~4331 

54331 

313S14 

313814 

717 
It53 

2130 

36'" 

43146 

15'14 
25212 

40ge6 

3Ui6, 

'6138 

442.2' 

37026 

1'730 

3492 
'''30 

12222 

12222 

12222 

3492 

40'734 
23030 

O~ 
, "~FIT 

o 

o 
o 

2111 .... 0 

11':'040 

10il55-a5 

108~H5 

426a:0 

183"eo 
3,zC5 ~..: 

4;::SlI20 

4;6ezo 

114!-Z20 

56;'036 

!C'::.JO 

8:':60 

e:. iBO 

4':640 
:c:.:.iJO 

.c08.c0 

3Z?880 
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n. 
''''H ... '' DC.tQIttPTtOM 

,3241lA "rroTAl..·. PC1lE.P. a..u;oVZ 
.,1400000 pOtlEJ\ Al..COVE 

.324141. ··TOTAL" p~ .u,cOVE 

.,2100000 POWU. A1.Cova 

tl242l.J. ··TOTAL". 10'IIIE0I' ).J.COVE 
'32200000 pOtfE.I\ .u.cO\:',£ 

U2422A uTOTU". POIIE,R a.tcOVE 
'32300000 POWEI\ .u.cO\"'£ 

.. .lUZON&. sse PJltOJECT 
MUtICOPJ. SITE­

FACILITIES &STniATE 
YU.fU.y COST S~'f 

Ace PEP. 

1.lA.H90 TO 31DEC90 
IJ'AH91 '1'0 )lOECH 

l"UUl TO 31DECU 

IJA.N91 TO 3lDECH 

IJ1UISil TO 3IDEC'l 

S1J'P.FACE 
.Ull.O 

o 
o 

13 O"t HI 
1"880 

32"75'8 

2427'2 

726554 

31U30 

'32423A .. 'TOTAL ... POME.R .u.cOVE 0 31U30 
'324 00000 pOWEJ\ A.l.COVE. 

'32424A ··TerrAL" PC'tIIER Al.COVE 
t33100000 ~ Al.CO\~ 

Il2 .. 31.&. •• TOTAL". POM[.P. Al.COVE 
933400000 POWER ALCOVE. 

'32434" • --roTAL·· POM&1\ A.1.COVE 
t341ooo0a pOWER ALCOVE. 

93244U ·.TOTAL". PetrER Al,COVE 
934200000 I'OWEl\ Al.COVE. 

.... 
."""',,.. D£,SClttp'1'ION 

"2442A .~T~" p~ &leOVE 
'34300000 p01lf"EJt a..x.cow 

'32443A .~.Al. •• PQ1lll:lt AU:OV& 
.41100000 $HATT MOBIl.X:'&.TIClt<l 

'24113.1. •• TOTAL'" Stt.U"1' MCaII.X:u.TION 
'41110000 $.IU.M SET UP 

'241l.38 ·""TOTA.I.-· SHAFT $&T UP 
t41130000 $IU.FT CO~ 

.241130 "TOTAL·· SHAFT COLUI\ 
'41140000 SKJ..n" SlllJCING 

'2411,.. ··TOT.u.-· SJUFT SXN1(;rNG 
141150000 SHA.FT FUNll.i1iING 

'2411". ·"'T'OT.u.·· S.tW"T ~ISH.ING 
14.11'0000 SJU.FT Cl..E.A): UP " DD1 

IJA.N91 TO 310EC91 

IJ,ul90 TO 31DE.C90 

IJa.N91 TO 310EC91 

IJ)..N90 TO llOEC90 
l.J'ANH TO llOEC91 

1.1A}l90 TO lICEC90 

o 
o 

.uu:Otu. sse P~on:C'T 
lQ.P.ICOPA. SUE 

FAClt.ITlES EST::HA.TE 
YE.A.RI.Y COST St1loti.\R'Y 

ACC I'D. 

1.,J"~90 TO 3lD£.C90 

laNe, TO 31D&Ce, 

1JANet TO llDECe9 
IJAN90 TO 3lD£eto 

1".~e9 TO 31DE-C'9 
IJA.N90 TO 31D£.C90 

l..TA.NiU TO )lDE.Ce9 
1.:r»l90 TO 3lD£ctO 

l.:rANet TO ]lDEC89 
lJ .. .tUO TO llD£CiO 

l.1ANiO TO 'lD£CJO 

SUP.FACE 
BUI1.O 

o 
c 

o 
o 

12(1131: ..... TO'tU.· SiUrCT C1.E.J,M UP " tlDtQB 
141170000 $KA.F'T MUfWA.Y/DJltln 

'24.1138 • ""TOTU-" SHAFT tc&H1IAY IDIll" 

1JANU TO 31DECe9 
13»190 TO llD£C90 

Slale of Arizolla, Maricopa Sileo Seplember 2. 1987 

2'''73''2 

26'3"72 

'134e 

31348 

933"'10 

'33'70 

833'0 

'''348 

3591 

35.1 

10elU 

UiIeeo 

o 
2'2417 

2'2411 

o 
32~e8 

325&8 

12157Z 

121572 

C 
]02745 

)02745 

EQUIPHEHT HA1'EJItUL ---.---
o 
o 

o 

.316" 

2,'722 
36&48 

59878 

59804 

16984 

13492 

8492 

212)0 

21230 

EOCIPHDlT HATE.P.:tAL 

o 

"390 

93390 

o 
o 

o 
o 

o 
o 

o 

o 
o 

o 

21230 

1492 

8492 

12141' 

121476 

o 
o 

o 

22&850 
182020 

4l.08'0 

15730 
42e350 

·U40eo 

4000 
1517 

12.51 ,. 

121000 
25U09 

'"71409 

OVD'.KEAO 
~ "POFIT 

O\l'E.PJlE..LZ 
, PP.or::T 

75'54 

i5156 

el09l 

)"2 
1",72.&' 

1000 
4214 

5214 

30122 

'0824 

30250 
72'76 

TOTAL 

39U3;: 

314168 

eeS816 

865a16 

3198v8 

liiBOS 

9Hi60 

45fHO 

.5640 

:a920 
'HBO 

1104600 

1.1<1600 

11460C 

4~'HC 

4.5e40 

2~4:1) 

~6064 
!.:oe·:) 

leetU 

'07098 
lH743 

'!l3641 

8;5211 

5000 
4!:31 j 

50319 

lHe;e 

1~12~O 

631832 

7e3082 
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..... 
MUHllEI\ DESCI'IPTION 

941300000 SH.AFT MO.ILIZATION 

.241331. .. TOTAL ... • SMAF'T MOeILl:.ATION 
,41310000 SlW7 SET UP 

.241338 'HTOTU*. SRAFT SET UP 
941320000 5.H..U7 PRE-GROUT 

9.? 413 3C .. -TOTAL.... SIUF'T FJII:I.-~OUT 
... 1330000 SJi..AFT COLlAR 

.241330 ··TOTAL·· SJiAF'T COL~ 
941.340000 SJi.AF'T SINXXNG 

,l.l3J£, "-YOTU·. SJiAF'T SINKING 
94~3S0000 SIUFT FUP.NISHING 

924133r .. '1'0'1'1>.1. ... SHIo.F'T FURNISIUNG 
941360000 SJ-UF'r Cl..E.A.N UP , OE.H 

&lU:ONA sse PROJE.CT 
~lCOFA. SIn: 

FACtLITl£..S ESTIM.\n 
Y'EAJU.'t COST St1I+LI..P.Y 

IJAN69 TO 31DE.C8, 

IJANU TO 310ZC89 

IJ~89 TO llCECSt 

IJAN8~ TO llD£Ce~ 

IJAN89 1'0 llOEce~ 
IJ,JUO TO llDE-eto 

IJlt..N8t TO llDECSt 
IJANiO TO llOE-eto 

IJ~e9 TO lIOE-CS' 
IJA}f90 TO llD£C5IO 

SUN"ACE 
.UILD 

'4115 

34115 

1'61 ,., 

920 

120 

1'1880 

U18eo 

123"7"786 
4SteOO 

,3'712 

924133G .·TOT)..1.·. SHAFT CL£A,N Ul' , DDtOB 
941310000 SlU.F'T HAN1U,Y/ORIM 

105252 

924133H ··TOTU·· sJi.AF'T HA,t."lf"Y!OP.IFT 
941400000 s.H.A.F'r HOBILI%."TION 

IJAN89 TO 310&Ce 9 
1 JAN 90 TO lloEctO 

IJaN89 TO 31DEC89 

o 
o 

AJ\IZONA ssc PP.OJECT 
tGJ\ICC5'A Sl~ 

FACI1.ITIE.S EST::H.\':"E 
tE.AlU.X COST SUHQRl' 

13.85 
1"1.50 

250935 

DESCRIPTION ACC PER LABOR 

'24143" "TOTAL·· SRAF'"T HOIJILtZATION 
941410000 SHAFT SET UP 

.24143a •• TOTU·· SHAFT st:r UP 

.41420000 SHAFT Pp.£-GR,O!J'I' 

,241-41C "TOTU·· SHIJ"T PU .. GP.ot1T 
"1430000 SJUFT COL~ 

9241430 - -TOTIo.1.-· SiU.FT COL..l...A.R 
141-440000 SJU.FT SIl.Q(ING 

.24143E. .-1'0"1'10.1." SIlAFT SINKING 
U1450000 SJU.FT FUP.NISHING 

'2414)F ""TOTU-· SHAF'I FUJUUSIliNG 
U14 ,oooe SHAFT C1.£.I.N UP , tlEM 

IJ.L~89 TO liDEce9 
1J»ItO TO 310E-CSO 

l.JAN89 'to llt>EC8' 
IJ).N'O TO 110E:CtO 

lJ.l.N89 TO llDEC!' 
IJA1UO TO 310EC'O 

IJ.l.N89 TO llDEcet 
IJ'A..NtO TO 310£CtO 

IJA)UO TO 31DEC'O 

IJ1NtO TO 31D£C'0 

.2414 3G • --rOTA.!.'" - stUtJ"'T C1.E.AN UP , OD1OB 
U1410000 SH.AFT KAHlfAY/OI\IFT 

.24143H • -TOTU"'''' SIlAF'T MAtJWAl' 101\1" 
'42100000 SK.A.Fl' H02ILIUTIotf 

IJ.l.NU ~o 31DE.C8, 
lJAN'O TO 31DZC90 

IJAN8t TO llDE.C89 

o 
o 

o 

o 
o 

o 

o 
o 

Stale oj Arizona, Maricopa Sile, September 2, 1987 

'6434 

'''0'6 130200 

'20 
120 

1'40 

10184 
142112 

2333"1' 

18se1' 

lesel' 

1S""8 

1341562 
12£1" 

~'l04' 

3591 

t33'O 

'33,0 

o 

o 

o 
o 

o 
o 

o 
o 

140085 

1400e5 

o 
o 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 

'3390 

,3390 

1"'''81 

141'81 

2'08'70 

9.28'90 

1'053 
36311 

5.2364 

250iO 
2~O'O 

501150 

3"7'121 

2..i7503 

221503 

o 
1.35495 
23e"1,e 

3142'2 

"710110 
1216477 

20071'7 

7'''1' 

7'416 

10ft7 

'70"'7 

1'0133 
3550'73 

51520' 

121." 

121.41' 

,13'8 

173te 

.'091 

.'091 
255496 

15316 

330&1:2 

.561 
16.'6 
,HS31 

19460 
5::.174 

71634 

152262 

Ovt:NIL>.D 
, PROFIT 

1'2262 

o 
o 

o 
o 

"04' 

215125 
3'~tOO 

6n025 

.3794 

341" 
541 i' 

IJU 1, 

1361'" 

910 

.20 

18':""'C6 

';31C'~: 
HiStiJi 

'rOTA!. 
DCL:.;..pS 

IU~H 
IJC:OO 

'20 
,20 

l!4C 

25;::-:'5 
4;!1i'70 

l'4Z;CS 
3C'a ~Oe" 

30i02' 

294':13 
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a. 
IIUH''',,,, OESC1\IPT'YOH 

942110000 SH.&.M: S'E.T UP 

'2421lJl .. "TOTAL" S~ SET UP 
142130000 SHAFT COLt..AJ\ 

'242130 .. -TOTAL'" SH.AFT COLLAR 
142140000 $.K.U"T SINJI:ING 

'24213£ ··TOTAL·· SHAFT STh"JtIHG 
'42150000 SHAFT F'UlUfIs.H.ING 

ARIZONA sse PP.OJECT 
to.P.ICC5'A SITE. 

FACILITIES ESTnD.n: 
YE.1JU.1' COST S~Y 

ACC StU 

IJ'J.Ne9 TO 310EC89 

IJAN89 TO )10ECe9 
IJ'AlI90 TO 31DEC90 

IJAN89 TO llDEC89 
l.n.lI90 TO )lO£C90 

IJ'AN89 TO 31DEC89 
IJ'AN90 TO 31DEC~O 

SlJ'P,FACE 
eUll.D LABOR 

1'02':4 

lU'S8 
t0384 

235172 

7756'5 
432212 

120"881' 

t,2f,213F ... T'OTA.L .... SHAFT FURNISHING 0 '1'54 

105252 
52626 

'421'0000 SllAFT Ct.Jt&.H UP "- D£.H 
lJAN89 TO 310'EcB 9 
IJAN90 TO lIDE-CiO 

'2421)G .. *YQTU*" SKA.F'T <:lL).N UP , DDiOB 
942170000 SIUFT ~AY/ORIM' 

'24213H ·*TOTU"· SHAM N»nt'AY/OI\Irr 
'42200000 SHAFT HOBILI:I.TtOH 

'24223A "·'t'OTAL". SHAFT MOSILI%.ATION 
142210000 SHA.FT SET UP 

'242238 "-TOTAL .... SHAF'T SET UP 
142220000 SHAFt' pp,£ .. ~tJT 

1J'AN89 TC 310£C69 
IJ'AN90 TO HO£cSlO 

IJAN69 TO 31DEC6t 

IJAN89 TO )10£e89 

IJANPO TO )10EetO 

o 
o 

o 

151818 

12'7744 
$3202 

210966 

179' 

,513' 

020 

AJt.tZONA sse PROJECT 
HAJ'.ICOPA SIn 

FACILIT:£,S ESTnu.T£ 
n:.A.RLY COST S'I.J'to'HAP..Y 

DESc::1tIPTI=>N 

'2"223C "TOTAL"" SK.V"1" pn-GROOT 
'42230000 SHAFT COl.LAl\ 

'242230 .·TOTAL .... SH.U"T COLL.a.R 
.42240000 SJU.FT SINKING 

'24223£ ··TOTAL"" SHAFT SIHJUNC;; 
'42250000 SHAF1' FUJiUltSHING 

'242231' • -TOT.u.- - SRAF'T FUP.NtSiUNG 
142260000 SIlU7 C~ UP " OEH 

Ace PER 

IJA.N69 TO l1CEce9 
1.1ANiO TO l10E.c90 

l.7a..NU TO llOEcel 
l.1AN PO TO llDEC'O 

13A.N89 TO llOEC81t 
IJAJUO TO llDE-CiO 

13AN90 TO )10UPO 

.24223C -wroTAL'" SHAF'T Ct.£..UI UP " DDtOB 

.42270000 SIW"'T MAmlAY/OlUrr 

'24223H ""TOTUtItI SHAI"'T tQtnU.Y/CRIFT 
'42300000 SIU.FT NOBtLI:..I.t'IOH 

.24233A • -1'OTAL"" aHAFT MQ8ILZUTION 

.42310000 SJU.FT SET UP 

'24231:8 --TOTAL.- 1KAF'l' SET UP 
142320000 SKU'T PJI\E-GiF\.OUT 

IJAN8t TO 3lCEcet 
1"'A1UO TO llPECiO 

IJANe9 TO 310EC81t 

13).}le~ TO 31D£C89 
1JANiO TO lloEC90 

1,JA.H8t TO 31D£C89 

$11RFACE. 
BUILD 

o 
o 

Stale oj Arizolla, Maricopa Sileo Seplemher 2. 1987 

l.AJlOR 

.20 

1.22703 
714P6 

19419P 

o 
1'10'88 

11'0988 

53590 

105252 

34115 

34115 

84096 
52080 

.20 

.20 

4f:US 
o 

"'US 

4'U5 
o 

o 

')390 

.33PO 

o 
o 

551240 
135495 

7864:68 

45094 
21320 

746111 
19i~50 

943361 

'0738 

"2238 
11'384 

11556'36 

15~OO 
21Ul 

3'811 

45404 

45404 

121000 
3364'38 

141181 

1.3781 

o 
o 

o 

o 

3318,;:.:' 

269)8 
"506 

34tH 

3082: 
15411 

H233 

210510 

O~ 
, pP'CFr~ 

1406:'0 

115Ei! 
461911 

380') 
127), 

1'536 

31504: 

31502. 

105'10 

.5416 

"'TAL 
DOLUR$ 

160224 

8B261 
25';:015 

1151,2""5 

20301'; 

lo;:es~ .5 
336352 

13i489i 

14 '10" 

roU1-
DC:'~ 

654:291 
21')6:;5 

34DelD,) 

19000 
87'i13" 

le2lse 

:.e';::'S8 

U7364 

3""04 

840,,", 
~2060 

1361"Hi 

920 
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.... 
NUMB"" 

'42330000 SK.U'T COLl..IJ\ 

a.cr: I'D. 

MIZONA sse P'-'OJ'£CT 
KlJ\ICoPA SITE 

FACILITIES E.STI'HATE 
1'E.AIU.1' cos T S IJ'MiAJt r 

lJAH8t '1'0 31DEC89 
1 JAN to TO 31DEC.O 

o 
o 

tOlS4 
'714U 

.242330 .. *TO'TU". ,H.U"T co:t.l..U\ 0 l'leeo 

7172ee 
"13'5 

142340000 SHAF"'r SINKING 
101081 1'0 31oEce9 
lo1A.NIO TO lloEctO 

'24233£ •• TOTAL'" SHAFT SXllJtING 
'423~OOOO SKAF'T FUFUfISHIHG 

13'.'53 

t,2423lF .. *TOTU •• SHAFT rUJlUUSKING 
,,2"0000 SH.AF'I' Cl.EAH UP " DEH 

lJ.UUO TO 31DECtO 

IJAHtO TO 3lDE-ClO 

o 

o 

'~.23)G ""TOTUIfIo .. SHAFT CJZ..l.N UP , 0Df0B 
142370000 SH.AFT KAJnfAl'/OJ\Irr 

t,i:4233H •• TOTAL". SHArT HAHW.a.r/DftU""T 
... .2.00000 SHAFT ttOeIl.IZATION 

t2424lA. uTOTAL-. SHAFT HC9ILlZATtON 
,.2,410000 SHAFT SET UP 

'24243B ."TOTAL". SHAFT SET UP 
.42420000 SJU.FT PIlE-GROUT 

t24243C • .,.O'fU·. s~ PRE-GiP.OUT 
'42430000 SHAF"r COLLAR 

IJAHet TO 3lDEcet 
lJA,tUO TO llDEctO 

lJA.NB9 TO 3l0ECSt 

IJ .. .,8, TO 3lDECSt 
IJAH90 TO 3lDECtO 

IJANe9 TO 31DEcet 
IJ.ul90 TO JIDEctO 

1JAHli TO llDEcet 

o 
o 

UlIZO.,A SSC P"OJEC'l' 
tGJUCOPA S:-:' 

FACILITIES ES':D-I.lTE. 
YE".AJU.T COST SUIoIUJ\Y 

105252 

134CU2 
10",70 

241332 

3591 

5,752 

020 
120 

le40 

'149' 

DESCP'.IPTIOH AO: I'D. 
SUP.FACE 
801.1.0 LAIOOR 

1242430 ·"TOTU··'IIAF'T COL..L.t.P. 
U.2-UOOOO SHAFT SIKKING 

124243£ ."TO'I'U •• SKU"'T 8nnUNG 
.42450000 SHA.F'T rt1RHISHIHG 

124243F ·.TOTU"·.Jl.U"T FU!\HISJaHG 
14246DOOC SKU'1" C~ UP " OEM 

IJA.NtO TO llDECtO 

IJAN" TO 31DE.Cet 
1JAHtO TO ]lDEC90 

IJAHe9 TO 'lDZCSt 
IJA.N to TO llP£.CtO 

IJJ.Het TO ]lDECet 
IJAlUO TO llDEctO 

'2~~" 30 "-TOTAL" SKAF'T Ct&.Ui' UP '- DDtoB 
'42.70000 SHAFT HAlnfAy/ORIFr 

124243H •• TOTAL·· SH.aI'T IGN'WAT/ORIFr 
'43:10000 SH.U"T S&T UP 

.243238 ."TOTU". SH.U"'T SET UP 
,.3230000 SHAFI' COLLUl 

.243230 -.TOTAL-. sKAFT COLl.AR 
943240000 SHAFT srmtNG 

t24323£ • -TOTAL-'" SJI.U"'T StNJCtHG 
143':50000 SH.LF'T .11NUSIUNG 

IJANet TO llCEcet 
IJUt'O TO 31DE,C,a 

IJUt90 TO llDE-C'O 

IJAHat TO llOEce, 
IJAHtO TO llDECtO 

IJAN to TO JIDEC90 

lJAN.O TO 31DEC'O 

o 
o 

o 
o 

o 

o 

o 
o 

o 

Stale of Arizona, Maricopa Sileo September 2. 1987 

lueea 

Ul435 
5,,'0 

'1279 

105252 

,,'84 
212940 

2'9724 

"064 

.21eo 

15'3'32 

15'332 

'lU 

&OUIPHEHT 1Q~IAl. ------
o 
o 

933tO 

93390 

o 
o 

o 

1"495 
119314 

'0'815 
504924 

1111739 

49365 

49365 

50180 

!lOUlO 

153'';:' 
2~S.235 

Ji8UZ 

1~lC76 

EQOtP~T Ml':'E.P.IAI. 

o 
o 

o 

o 
4,,,, 

o 

135495 

420S33 
o 

4201'33 

3tnc 
21133 

20817 
2081 , 

41"4 

'.1,71 
282939 

180510 

o 

'0738 
1354"5 

1"233 

7.2U, 

1045 

OVUJIUD , ."0"17' 

2'136 
ltB!-

UOil 

lli21J9 

25';.21 

l2Z;!1 

U519 

'37"76 

'S7C5 

124841 

134490 
o 

13 .... '0 

2354:9 

15411 
1531i5 

307" 

1330,5 
'5~1l 

ii"O' 

3'117e 
2U.H 

64014 

403.' 

40le' 

32e4 

TOTAL 
DOLLAPS 

';S20B 
.2h':l35 

1513363 
133)1158 

1"0581 

3;1541 
)l:i82 1 ':: 

6a~813 

.2 ~'=23J 

52080 
H7,o:: 

184e 

25'::-015 

850600 

'3:"18 

'17'84 
,"'17:' 

14 5555 

17'''2 

"e," 
14'10'7 
2~'::J15 

3Ul.21 

269337 

19525 
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Ml:0NA sse PI\OJE.CT 
tGJUCOFA SI1'£ 

rAClt.ITIE.S r.STI:HA.T£ 
!'E.AIU.y COST s~r 

IIBS 

""""Ell OESC7I.IPTION 

124323F ··TOTUIII. Stu.F'T f"tIItN15KlNG 
, .. 3260000 SH.U"T CLEAN UP , P£H 

.. ex:: PEP. 

IJAN9Q TO 310£.C'O 

'24323G ·*TOTU·· SHAFT c:l.E.AN (S) , DEMOS 
,,32'0000 SH.U"T tu.H'WAy/DI\In 

924323H. •• TOTU· III SIUFT MANWAl!01\lrT 
.44100000 S1U.F'T HOBILl:ATION 

1124425A ··TOTAL-. SKAF'T HOeILI:ATION 
.. .4.;:10000 SHAFT SET UP 

924425"8 "'TO'fU·. SHAFT SET UP 
,U230000 SJW""T COJ.~ 

92442S,O • ·TO':'U·. $~ COLLAR 
"4240000 SJUJ"T SIN1(ING 

.24425£ • ·TOTU .... SH.AFT SnnUNG 
9U2~0000 SH.U7 F't1RNlS.HING 

1.1AN90 TO ]lOE-ctO 

IJAN!I, TO llCEcel 

IJA.NIIO TO 310£C'O 

IJA.NtO TO 310.ctO 

IJ).N90 TO llOE-CILO 

52'2' 

'3202 

83202 

1196 

!I'OU 

90384 

90384 

515.20 

51520 

IJANiO TO 31D&CiQ • 27588 

'2442SF ··TOTAL· .. SIU.F'T FUP..NISHING 
..... aoooo SHAFT CI..E..l.N UP " OEH 

1 JAN to TO 310£C90 

9;: •• 25(; "TO":'U·. SIW"T C:tLl.N UP ~ OD¥.>B 
' .... 210000 SHAFT HAl'lWAY/OR..Irr 

IJA.N90 TO 31oEC90 

A1\lZONA sse PP.OJt:.CT 
to,p,ICCJ5>A SIn: 

FACI:'ITIE5 ESTIMA.TE 
J'E4P,.!. 't COST SUl+'..l.RY 

2'7588 

13800 

13800 

141302 

141302 

US 
NtlMBtl< DESCP.IPTtON ACC PEP. Bun.D LABoP. 

'11000000 err , COVE.P. TU'N'NI:L t:. 
IJA..N89 TO 310E-CeQ 

9l2.3lX "TOTU·. CUT ~ COVEll T'tJ'NHE:L £,XCAV),TION 
'11100000 o..~ " COVl:1t TtmN11. a 

IJANe9 TO )lDECe, 
IJA.N90 TO 31tlEC90 

'124.311' ··TOTAL·· CUT " COVE:.lt 't'IJH'NE.L aACKFI:.L 
'71200000 an: , COVEft Tt1NNEL .P 

'124.:311 ·.TOTU ... CUT '" C~ '%VN'tlZ1o I'I'PE 
171300000 C" .. '"'I' , coV2.P. P.EVEIZTA 

lJANtO TO llOE-ctO 

1124'lW ·.'TOTAL·. CUT , COVEJil JU:VEGiETATION 
'72000000 0.."':' , COVEll TUNNE1. E 

IJ~et 1'0 llDE.C! t 

'124. 32X ··TOTAL". cvr " COVEP. '1:'f.7MNE,L EXc.l.V.l.TION 
"2100000 C"J'r , COVl:J\ T't.fNN£t. S 

IJAN8t TO )lOECet 
lJANiO TO 31DECtO 

1124)2Y .·TOTU •• CU'T , COY'E.Jt. TUN'NE.L u.cxrILt. 
'1;;200000 C"t.~ , COVUt 't1JNNEl. P 

IJAN89 TO ]lDEcet 

t12432Z. ·""T01'U·· CUT " CO'VEJlt ':nJNNE.1o PIPE. 
li23000CO C"JT " COVE:J\ PX""EGETA 

1.n.N 90 TO 310EC90 

o 
o 

o 

o 

o 

o 
o 

4.438 

4438 

362 
11e15 

18237 

1.1"IU 

1 '430 

1811 

'3."'" 

~88931 

... 
"1 ';'22 

5liB7 

7'082 

'~082 

220-,e2 

220782 

4e28 
210910 

215738 

'75408 

'7045 

21320 

21320 

197250 

111'1250 

'Oi38 

'0'138 

1334iS 

.24135 

241:35 

2e9387 

28938'7 

o 
o 

o 

o 
o 

o 

o 

1)1016 

OVEJlKUl) 

, '"OrlY 

15411 

55'00 

55900 

31878 

37878 

11274 

11274 

52174 

521'1. 

8491 

'i2t 

,1'10 

6553 

6553 

33')50 

33350 

.20 
,.814 

.. 0'.3 

21&350 

2883'0 

TOTU 
OO:'I.AJu. 

1,525 

8935-:' 

336352 

14-:'lO"! 

51520 

13&00 

13600 

48:863 

.(a2e63 

1~14 
'79340 

80853 

250538 

25053S 

271502 

271562 

1"8 
324U7 

331"'5 

'1';:432'111 "':OTU·· Ct1T , COVEJIt ~VE.CZTATION 131076 32'" 
9i3000000 c:rT , COVEJ\ TUNNEl. E 

lJa,H8i 'to ]lDEC8, ""'45 

'12.33X ·-TOTU-· CUT , COY'l:.lt '1'UKNEL UCAVJ.TION 2lle6 o 3'4349 
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AP.1 ZONA SSC "JIl~CT 
Ml.J'!ICCFA SITE 

FACtLITIE.S ESTJ:lotAn 
l'E.UU.Y Cc)ST S~Y 

"". 
'"'''''''' DE$CI\nnON 

,73100000 CUT " COVEJt 'r't1HlfE.t, • 

Ace pu. 

IJU89 TO 310£Ce, 
IJ~'O TO 31DEC90 

,12433Y ·-TOTU.- COT " covu. "f\1N'N£L BAQ:FILL 
"3200000 etrr , CO'\"U TUNN'E.L po 

IJANIU TO 310Ece, 

t12433:' "TOTU·· CUT " COVD nJ'N'NEL PIPE 
'''73300000 CUT " COVEJt JU:V'EGETA 

IJA.N90 TO 31D£C90 

912433111 ---to·U.!.·· CU'T '" CO".J£p, REV£<ZTATION 
"4000000 CUT " CO\"E.R TUNNE.l. E 

IJAH89 TO 310£ce 9 

912"34X "TOTU·· CUT," C'OVE.P. 'l"UNNE1. £.XCA~TION 
914100000 ctlT " COVEJ\ TUNNE.L B 

IJaN8' TO 310£ce, 
IJA.NIO TO 31DE.C90 

912434Y • ·TOTAL" CUT " COVEJt T1:1tINEl. _ .. atF'tt.L 
9'4;:00000 CUT " COV'ER Ttntta:L P 

IJa.N8. TO 310EC89 

1.31 
14)4' 

"280 

'2819) 

IS'32 

645 
59281 

,012' 

274835 

U;:434Z "TOTAL" CUT " COVE.P. T'UN'NEL pIPE 214835 
9'4300000 CUT " COVZJl,. P.£VEG£TA 

IJA.N"O TO 3l0r.C'O 

912" 34" .. ·T'O'IU·· CU1' , CCJVE;Jt Jt£V£G:E'1'ATION 
'''71000000 CUT " COVU\ TUllNE.L E 

IJ"",8, TO J10EC8' 

U2U3.X ··"OTAL"· CU1' " C~ TUNNEl.. EXc.a.VJ.TION 
'''77100000 C" .... "'l' , CO'llE..P. T1JN'N£l. 8 

lJA)lB9 TO 310£CBI 
1"A.N90 TO J10ECPO 

o 
o 

18101 

18101 

1448 
'2633 

'4081 

ARI:ONA sse PROJ'E.CT 
)oQJI.ICOPA SIn. 

FACILITIES £S":'::MATE 
nAJU.,y COST $lJt+(A..P.'{ 

DESCJtlPTI ON a.OC PD. 

,77200000 CUT " COVEJ\ TUNNEI. P 
l"'A.NtO '1'0 31DEC90 

,U'P.FACE 
BUILD 

4"'114~ 

912443: "TOTA.L·. CUT' CO\1E.P. %\1'lIWE.L PIp£ ... .,114~ 
""7300000 ctTT " COVEP. MVEGiETA 

1"..,.90 TO J1D&CtO 

t1244~ --TOTJ.L.- CUT " CCNEP. ~VEGl:.T"'TlOW 
1711000000 C"'JT " COVD. TUNNEL E 

1JANI. TO 31ot.ce' 

t12444X "''TOTAL·· cttT " COVE.I\ 'r'IJ'NNE.L PCA.Vl.TtON 
9"711100000 C"'JT " CO\7EJ\ TUNltt.l. .a 

1JAHII' TO llO£C8i 
lJAJiiO TO llDE-CIO 

9124UY --TOTAL'" C'U'f " COY'Elt 'l'UHNEL .... c::KJ"I1J. 
,78200000 CUT " C'OVEI\ TUNNEL P 

IJAH'O TO 31D£C90 

t124442. .-T01'.A.I.,. ... ctrt " ~ 'IUNNEl. Pl'I'E. 
"1300000 CUT " COVD. UVI;.Gi£TA 

lJ.IJUO TO llDE-CtO 

'12444. • -TO'ru·. CUT " CO'YEIt NVEGETATtON 
te1000000 CUT " COVEl\ Tt1NNr.t. & 

1.n.N8' TO 310ttlt 

91241lJ( --1'01'U·. CUT " COVEP. roNNEL UCAVATION 
981100000 e.n' , CO'\l'EJl,. TUtrnEl.. • 

1.1A.N89 '%'1'J llOEC8§! 
IJ..LNiiO TO 310E-CiO 

t12411Y ··'t'C'l'AL-. CUT , COVEI\ T\1NNEl. aAa:r::..l. 
t81200000 C"JT " COv:ER 'I"UNNC. P 

1J ...... 8' TO llDECet 
1",.,1,0 ro 31.DEC~O 

'12411% • rt'O'TAL-· COT " CCI'VEfl 't'UNNE.L PIPE. 

o 

1931 
'2151 

'740&2 

'28193 

'281'3 

'035 
24"25 

1'35920 
32'718" 

1U31e4 

5150 

218051 

400435 

tU001 

196001 

';,253 

113"04 

2292:5 

3462 
210.290 

214153 

o 
o 

o . 
139815 

'11iO 

EQUIP~ HA n:P..!AL 

30034"6 

211U!o 

211e6~ 

21145e 

400435 

UM2 
"70~H' 

7,245'1 

1251360 

104e!8 

lOU18 

131815 

13'115 

OVEAAEAD 
, S>P.OFIT 

091 
51"15 

52406 

30"513 

34.54 

3495" 

29!f1)9 

". 
325:6 

33009 

134563 

13"563 

15~93 

34633 

34633 

044 
39609 

4.0353 

OVEP.HUD 
" pf.OFTr 

230680 

230680 

32003 

32003 

30'75;3 

'4.954 

l49~4 

112;:07 

lon 
133727 

1)662~ 

800':1 
1fiOlH 

TOTlU. 
DOLLARs 

80i,2 

13H~01 

3~31 

"76463 

282008 

2ez~oe 

TCTlU. 

100.z1~1 

1002151 

1310.2) 

13l.02) 

2'O~94 

325~16 

1336.;:0:.. 

tl."aa 

z!>;=." 
1086;0':'1 

l114145 

]4":'9691 
'95~'e 

------------------ -- ----------
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{ 
'\ 

( 

AJIlIZ.0HA sse ,I\OJ'ECT 
to.!\ICOPA Sl'TE 

FACILITIES E.STDUTE. 
1'E.U\l.1' COS T SUl+UJIl'X 

"". N.-D\ DESCJItIPTION 

'11300000 o.rr , covu.. Il.EVE.CZTA 
l,,»UO TO 3l0E-C,a 

112411" •• TO't'.u. •• ct1T , COVEPl JltEVEGETATION 
"2411300 11 Me $E.C a. S.H.U"1' ... 

1" .... '0 TO llotCtO 

24113.00 .·TOTAL .... " PC nx:: .. SHAFT .. SUPI.P' BUILD 
"2411JU .. Me BC .. sKAF1' ... 

1 JJ.tf8 , TO )IDECe, 

24113.1.4 uTO'TAL·. lC .A!\c SEC .. SHAFT ... c:otfVEYING 
ti2e115l!! M Me $Ec .. N£CIW'tIC 

IJA.HU T'O ]lOECe, 

24115.15 .. TOTA.L ..... N N'C SEC .. MECHANICAL ... HE~ 
99,l41241' M &oRe S&c 8 ELEC't7tXC 

IJANe, TO lIOE-c8. 

24124.1' •• TO'rA.Lu .. AJl.C SEC • ~ICAJ.. ... ElLer 
t9241Z515 M ..".C SEC. HECKANIC 

1".,.8, TO )IDECS, 

24125.15 "·TOTAL •• N AftC SEC • HECK.UUcu. - I«CKA. 
.92413300 ~ ~c SJ:.C C SKU'T ... 

IJAMU TO l1DEC89 
IJJU.J90 TO 310EC9C 

24133.00 "-TOTAL" M Utc SEC C SHAFT .. IUM' BUIlD 
992413314 ~ .Me $E.C C SIU.F'r' ... 

1JAHet TO 31DEC89 

24133.14 ".TOTAL'" to! ARC S'EC C .s:tI.U""T ... CONVt:YrNG 
192.(1341' to! ARC SEC C E1.Ecnt.IC 

1JAN89 TO 31D£Ca9 

24134.1' "TOTAL" N Me SEC C £x.ECTRlCAL - El.£CT 
192413515 ~ AJ\.C st.c C Hi£CHANIC 

IJAN89 TO !lDECa, 

o 

'0'56 

115093 

115093 

27"'50 
18870 

4"20 

550'327 

1150t~ 

14"'0 

24305 

24305 

2302602 

2302'02-

'53it 

2302,o2 

2302602 

28568 

A.P.IZONA ssc PJtOJEC't 
~lCOl?J. Sl~ 

FACIl.ITIES ESTIMATE 
'YE.A.P.LY COST StJtoto(.lRY 

DE.S~II'TION 

24135.15 ··TOTU·· II Me SEC C tcCKANtCAl. .. HE.CHA 
992414300 to! AJ\C SE.e D SKAF"I' ... 

1"~90 TO !1D£C90 

24143.00 ·-TOTAL ... M Me SEC D SlIIAFT .. IUPS au ltD 
,92414314 Ii Me S&c D SHAFT ... 

1.n..H8' TO 310EC89 

24143.14 ·.'t'OTAt.·. If PC SEC D SHI.F"f ... CONVEYING 
192414<11' M Ute s&C D £.LE.cnuc 

24144.1' •• 1'OT.u.. •• to! Me SEC D &l.£C"rI\tCAL .. ELEC'f 
U2414515 to! PC nc CI Ml'.C::llANIC 

lJAHetI TO 31DE.C8 51 

24145.15 ··'I"01'U·'" t4 &JI(C SEC D HltCHANICAl. ... H&CHA 
992421300 s u..c SEC .. SJU.FT .. 

IJ.LNetI TO 3IDECe. 
IJAH90 TO 31oEC90 

24213.00 • "''t'OTAt.... • Me SEC .. SJIAFT .. SI1"PtOl".J{ 
"2421314 I MC SEC .. SHAFT ... 

IJAN8. 'to ,10Eca, 

24213.14 ·.TOTAl.. ••• Ute SEC E SII.t.FT .. CONVEYING 
U2421$15 • AJ\C SEC .. HltCKANIC 

IJANa9 'to 310EC89 

24215.15 .. '2"Ot'.u. ... I Me SEC & tCCHANlCA.L .. H£ClU. 
.t242151' H£.CK ns .. &l.E.C1'IllCA 

IJAN89 TO 3IDEC89 

242.15.1' •• 1'01'Al. •• 1«01 S'f' ... &J.&C'l"J\ICAt. 
"244:2300 • AI\C S£C I" 5KAn ... 

IJa.H90 TO 31DE:C90 

24223.00 ··TOtAl. .... Ute SEC ,. SKAl'T - IUJI!.F ao:n.o 

SUJilFACE. 
BUILD 

1150.1 

,3240 

'3240 

o 

o 

550'327 

5506327 

1'5153 

1,5153 

""3"0 
18870 

,3240 

o 

120512 

12.0512 

550'327 

550'321' 
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1".'0 
2302'02 

"'710 

144'0 

144'0 

31]''7 

31,.'7 

2302'02 

60000 

'0000 

4eo', 

313721 

'0000 

31372.7 

313i27 

,5'738 

1'000 

16000 

1872422 

''''6 

16000 

1877422 

1872422 

&QUIFHDn' tG."l'EJIlzu, -------
o 

60000 

60000 

313'721 

313127 

11"17 

114417 

o 
o 

60000 

'0000 

313'2' 

313'2' 

o 

1,000 

1'000 

1'12422 

1812-422 

10"'" 
107, .. 

o 
o 

o 

1,o00 

1'000 

""1 

1.12422 

o 

o 

O~ 
, PPtOFIT 

10'230 

10',230 

9540 

'540 

U48a 

16,,88 

o 
o 

'540 

'540 

12114 

OVEllKl:.>.::l 
" PJtCFIT 

url4 

.540 

20621 

1540 

'.5040 

11,el 

.. ".!o 

46620 

10(1(1.)0 

lOC(leD 

1800-4 " 

180(144 

100000 

100000 

99$15016 

.3';:40 

10CO~O 

100000 

9 lZ4J 

leOD:J 

21H,a 
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... 
"""""" DESCIUpnOtf 

"242231" 5 .Me S&c r SK&.F"1' ... 

ACC 1'1:11. 

&11.1:'0"'" sse p1\QJEC'T 
tOJUCoPA SITE 

FACILITIES ~$TDU.TE 
'lLUU.Y COST Sut+lA..l\T 

StJN"Aa 
.UILO 

1.1J.N89 TO )lDECS' 

242.23.14 "·TOTAL ... S ARC SEC r $KAF'T .. COHVEYING 
,.242241, S Me $E.C F ELE.C'TRIC 

IJi.Net 1'0 31DE.CtU 

242.24.1' .-TOTAL"'· • Me 5tC F EL&.C'TIUCAL .. ELECT 
1924.22515 S AP..C S£C F MECHANIC 

1"...,UJ9 TO )IOECe, 129604 

2302'02 

'6248 

24225.15 ."'TOTAL" .$ Me SEC r tEctWUc.u. .. HECHA. 
U.2'<4i23300 S ARC SEC G SH.U"'t .. 

IJ'AN90 TO 310EC'O 

24233.00 ··TOT.u. ... S Al\C SZC G SHAFT ... SUN' 8D1LO 
992423314 S ARC SEC G SH.U"T .. 

l.1ANet TO 31PECet 

242'33.14 ·"'TOT.u." S Me SEC G SHAFT .. COHVETI}fG 
99242341' 5 ARC SEC G EI.£.C'tI\IC 

IJ'ANU TO )IDECe9 

2423 •• Hi •• TOTA.l."'" S ».C ST.C G ElZC'T1'.ICAL .. ELECT 
't242.351~ S ARC SEC G H&CH,AJoUC 

IJ~8~ TO 'lDEce9 

24235.15 ·-TOTAL·- S ARC SEC G ME.CHANlCA.L ... tcE.C.HA 
992424300 $ ARC SEC Ii Stu.FT .. 

IJAlIli TO )1t)EC89 
1JA.H90 TO 310E.C90 

24243.00 .-TOTAL-· S ARC SEC H $M.U"T ... $QlU' BOIlD 
.12424314 S ARC SEC Ii SKAFT -

IJAN89 TO 'lDEce9 

24243.14 *·TOTAL-· 5 ARc SEC H SH.LF'T - CONVEYING 
11242 ... 1' 5 &P.C $'£C H ELEcn\IC 

IJJ..N89 TO )lDECS 9 

121804 

.,'20 

12210 
34410 

.'620 

5'06)27 

"248 

144'0 

1-4"'0 

230;::602 

352'7 

35237 

144'0 

ARt:'OlU, sse PROJEct' 
lQ,RICOS>A SITE 

FACl!.':TILS ES'I'IMATE 
1T..AJU. 't COST S l1l+tA.R '! 

'llBS 

NUMB'" DESCRIPTION Ace PEP. 

24244.16 .-TOTAL-· 5 MC SEC H EL&.CTJ\ICAL - ELEc:r 
U2424515 S MC SEC Ii HCCRAHIC 

1"J.Na9 TO 31DEC8 9 

24245.15 --TOTAL-- S APlC SEC H HltClWflc.Ll. - ... au. 
"243Ul' I. CONNEC V EL£C'I'JUCA 

1JAM8' 1'0 310EC8. 

24314.1' .~OT.t.L·" &. c:oNNEC V &l.&C'TP.lca.L - &L£C'T1\ 
"2432416 E CON'N&C X £.LECTJUCA 

lJa.tIe. TO )lDECe9 

24'324.1' - -'I'OT.t.L" - E CONNEC It ElLCTP.IQL - ELEC'T1\ 
'92432!i15 £ CONNEC x tcClLUUCA 

IJANe, TO 310r.ce, 

2432~.1!i .-TOTAL·- E (;X)tlNZC X HECH.AHlca.l. - MECHAN 
"24334U I: CO}lNE.C Y EIJ!:CTJUCA. 

IJANe, TO 310EC89 

24334 .1' • -TOTAl.· - & COtfNE.C Y E1.Ec:TI\lc.a..L - &lZoC'n' 
tl243441' & CONNE.C 2. ELECT'IUCA 

1J»II. TO 31oEc8 9 

24344.1' ·*"fOTAL-· E CONNEC Z &~1CA.L - Et:£.C"nIt 
"244161' • CONN&C Q £U;CTJUc:.a. 

1.n.N8' TO )10£C89 

2441ti.1' -*'TOTAL·· • (;X)mr£.C 0 .El&CTIUC1l. - E.L£.C:"rR 
,.2441715 • COt(NE.C Q tcCH.LHICA 

lJAM89 TO )1DECIU 

24411,15 .·TOTAL-- • (;X)lfflE,C Q HSCH.A.NlCAl. - H£.~ 
tt2442'10 • CONleC .. ElLCT1UCA 

1JUe, TO 'lDEC89 

2442, .1' • -TOTAL*" • CON'HE.C .. &1'&CTIUCAL -~ 

SURFACE 
!ilOILO 

5506327 

202897 

202897 

1590541 

15,0541 

1590541 

1590541 

"3'-4 

15905 .. 1 

1590541 

1590541 

1590541 

1 '08854 

1.,08.54 

'758511 

'75.519 

Stale of Arizolla, Maricopa Sile, September 2, 1987 

LABOR 

2302602 

50753 

1109'7 

"03e81 

1""29 

'0000 

60000 

313127 

31,'727 

"t03 

o 

60000 

'0000 

313":'21 

313721 

'0000 

313121 

31312' 

114850 

114150 

'0315 

'031~ 

'031~ 

17415 

17415 

'Oll5 

t0315 

to:315 

'0315 

93229 

'322. 

254 ':'41 

254741 

'0412 

,430 

9430 

o 

1'000 

1,o00 

1'000 

18'2422 

1812422 

12UI 

'41002 

54100l 

541002 

'41002 

"1002 

"4100l 

,,1234 

24355, 

5!UI" 

551'" 

OVENiUD 
, PPlOFIT 

'540 

H'" 

95 .. 0 

'540 

14431 

104437 

9540 

9540 

OVEP.I<£,l.D 
, PP.OF:'I' 

21)40 

o 

o 

""551 

'.$51 

TOT..,. 
OOLt.AP.5 

100000 

lON)OO 

99950'78 

25'7021 

4"20 

100000 

100000 

IU50""e 

25335' 

12210 
34<110 

4"20 

100000 

100000 

J99!-0"'l8 

OO:'LAP.s 

40;;OU 

4020" 

2 •• ill 6 

2887116 

2881116 

288";':'16 

'U" 
7li98 

288i1H 

28e711' 

28S711' 

310420' 

1500996 

1500):9' 

2930580 

2t3C~80 
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MI%.ONA sse 'I'lOJ'i:CT 
Kl.J\ICOf'A. SITE. 

FACILlTIES E.ST~n 
'r'£l.JU.'t COST S~\' 

W1IS ,1t_EP. D~SC1\lpnOH 

.. 2442115 " CONHEC Jl tECHA.NZCA. 

ACX: PE.P. 

IJANU TO 310£CIO 

24042' .15 --TCTU" " CONNEC 1\ HECHAHtcu. .. MEeHAN 
.'244341, tf COtIHZC $ r.t.&C'T!UCA 

IJANI' TO )10EC8, 

4'4414.16 IIII*TOTAL·· " COmn:.c $ £1&CT1Ucu. .. E.LE.~ 
tt244441, " CONNEC T ELE.C1'P..ICA 

24"-44.1' •• T'OTA.LU " oomn:c T r.u:.CTRICAL .. £I.I.ct1\ 
9124'1101 a40 PlI-CP/cOHiP'£S .. C 

IJ~ao TO 110£C90 
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3.0 SCHEDULES - DEVELOPED ON PROJECT /2 

3.1 TOTAL PROJECT SCHEDULES 

These graphs present the overall Conventional Facilities construction schedule 
from yarious points of reference. First, the project schedule is summarized by 
construction method demonstrating the balanced nature of the overall project. 
Second, construction is summarized by sector showing the availability of various 
major facilities components. Third, the project schedule is presented by construc­
tion unit. Forth, the project is presented by work package showing the continuity 
of the \'arious acti\'ities. Finally, construction acth'ities are grouped by geology. 

Project schedules are presented in the following order: 

Construction Method Summary 
Sector Summary 
Contract Summary 
Work Package Details 
Summary by Geolog)1 
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81 CLERl 1.0 1l.2 13.2 3214 42,835 : I mCELLANEOUs JOB mENSE 230,410 8B SECRETARY 1.0 22.6 22.6 1940 4l,812 I I INSURANCE, TAlES AND BOND a2l,l84 89 WAREHDUSnAII 1.0 1l.7 13.1 6468 88,904 II 
90 &UARDS, FUll TIllE 1.0 16.2 16.2 1940 31,522 II TOTAl INDIRECT COST H,618,710 9\ GUARDS, IEUEND 1.0 16.2 16.2 1940 31,522 II 
92 
9l INDIRECT COSTS 

INDIRECT COST SU""ARY 

TABLE 3-23 Summary of TBM Indirect Costs for Construction lJnit I. 



TABLE 3-24 

TBl\1 UNIT COST PER FOOT 

DESCRIPTION WEAK HARD DRILL 
ROCK ROCK AND 
TB;\I TBM BLAST 

Tunnel Length 29,568 43,100 2,400 
Adyance Rate Ft./Day 202 132 18 

Direct Cost $IFt. 327 290 890 
Plant and Equipment SIFt. 178 170 570 
Indirect Cost SIFt. 156 190 830 

Total Cost $IFt. 660 650 2,290 

NOTE: Cost estimates are in 1987 dollars. 
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TABLE 3-25 

EXPERIME;-\T AL CHAI\IBERS AND INJECTOR COMPLEX 
ESTII\IATED CONSTRUCTION COST 

(I II $1,000,000) 1 

DESCRIPTION MARICOPA CDG 2 PERCENT 
SAVINGS 

Site & Infrastructure 70 90 22 
Campus 26 45 42 
Injector Complex 56 42 0 
Experimental Chambers 63 61 0 

TOTAL 215 238 10 

1 Cost estimates are in 1987 dollars. 

2 CDG generic site "C" 1986 cost estimate inflated by 5%. 
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E 3 
F 2 
E2 
F 1 
E 1 
F 10 
E 10 
F 9 
E 9 
F 8 
E 8 
F 7 
E 7 
F6 
E6 
F5 
E5 
F4 
E 4 
F3 

TABLE 3-26 

ESTIMATED SHAFT 
UNIT COSTS 

COSTED DEPTH2 

250 
100 

80 
60 
60 

240 
180 
210 
330 
380 
350 
400 
270 
160 
110 

70 
120 
370 
800 
470 

1 E shafts are 20 feet in diameter. 
F shafts are 30 feet in diameter. 

COST 
$/FT. 

5,784 
12,869 

9,988 
18,617 
12,067 

6,808 
5,822 
8,638 
4,867 
5,650 
4,891 
7,093 
5,356 
9,906 
9,027 

15,957 
7,775 
5,803 
3,298 
6,130 

2 Depths shown were used to estimate 
cost. Actual depths are given in 
Table 3-15. 

Cost estimates are in 1987 dollars. 
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TABLE 3-27 

ACCESS SHAFT E7 COST SUr-.Jl\1ARyl 

ACTIVITY 

~lobilize and Set-Up 
Collar 
Shaft 
Furnish 
Clear and Demobilize 
Drifts 

Total 

ESTIMATED 
COST 

$195,000 
$127,000 
$854,000 

$56,000 
$94,000 

$120,000 

$1,446,000 

1 Access shaft E7 is "typical" of shafts to be 
constructed at the Maricopa Site. The depth used 
for estimating cost is 270 feet; whereas the 
actual depth is 250 feet. 

Cost estimates are in 1987 dollars. 
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Facility 

Collider Ring 

Injector, Surface 

Total Direct 

AEjCf\1 Services 

Contingency 

TOTAL 

TABLE 3-28 

ESTIMATED TOTAL FACILITY 
CONSTRUCTION COST 

(In $1,000,000) 

f'.Jaricopa Site1 

290 382 

215 238 

505 620 

81 99 

123 187 

709 906 

1 52.8 mile ring plus 8 miles of by-pass tunnel. Estimate 
is 1987 dollars. 

2 CDC generic site model "C" infla ted to a 52.8 mile ring 
plus 8 miles of by-pass tunnel. 1986 cost estimate in­
flated by 5%. 

24 

10 

19 

18 

34 

22 

3 Percent sayings realized with construction at the Maricopa 
SSC site. 

Cost estimates are in 1987 dollars. 
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SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON SCHEDULE ACTIVITIES 

200 SHAFT MOBILIZATION 

201 SET UP FOR EXCAVATION 

210 SHAFT PRE GROUTING 

220 SPUD / COLLAR SHAFT 

230 SINK SHAFT 

260 MAN WAY FROM SHAFT 

270 FURNISH SHAFT / COMMISSION. TEST 

280 CLEAR SHAFT & DEMOBILIZE 

300 GENERAL TUNNEL DEVELOPMENT 

321 EXCAVATE AND SUPPORT STARTING CHAMBE 

322 ERECT TUNNEL BORING MACHINE 

323 EXCAVATE & SUPPORT TAIL TUNNEL 

330 SATURDAY MAINTENANCE 

331 EXCAVATE TUNNEL 

350 INSTALL FINAL LINER / CONCRETE 

351 PLACE SHOTCRETE 

352 PLACE INVERT PAVING 

380 REMOVE TRAILING FLOOR. FANLINES. & T 

400 CUT AND COVER - GENERAL 

420 CUT TRENCH 

430 STABILIZE TRENCH BOTTOM 

440 PLACE CAST IN PLACE PIPE AND STABILI 

445 PLACE CAST IN PLACE PIPE INVERT 

450 REVEGETATE AREA 

510 EXCAV & SUPPORT ELECTRON SHIELDING N 

520 EXCAV & SUPPORT POWER ALCOVES 

600 SURFACE FACILITIES CONSTRUCTION 

810 EXCAVATE CHAMBERS 

FIGURE 3-33 
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Sufficient land to commence critical path construction at the Maricopa Site will 
be available at the start of the project (85% of the collider ring and the main 
campus by April, 1989 and the remaining lands by January, ]990; see Volume 6, 
Section 6.2), thus allowing the schedule to proceed. without complications resulting 
from land acquisition delays. Schedule advantages provided by the Maricopa Site 
will permit construction to be completed two years sooner than the CDG generic 
site schedule, and meet all CDC beneficial occupancy goals. This allows more 
time for the magnets to be installed and still maintain the overall project sched­
ule. It also allows magnets to be placed directly into the ring where they can 
be fine-tuned instead of being stored in a warehouse. If the magnets are ready 
the whole project could be shortened, allowing the experiments to be initiated 
two or more years sooner than the base estimate. 

Because the project can use a staggered bid schedule additional adnntage results 
from a shorter construction schedule. Construction bids can be let at inten'als 
of four to six weeks. This reduces the load on the DOE design team, and 
allows all qualified contractors to bid on each section. Experience has shown 
that toward the end of the process bidding becomes more competitive with 
significant savings for the owner. 

If funding for the project is delayed or reduced, the project can still be com­
pleted on time at the Maricopa Site, because of the flexibility afforded by the 
short construction schedule. If annual funding allocations are less than suggested 
by the CDC outline, construction can still continue and end on time at the 
Maricopa Site because construction costs are very low. 

Low Risk Management. The innovative CU concept, flexibility in construction 
method applications, detailed heavy-construction estimates submitted with this 
site proposal (Appendix 3-B), supportive State of Arizona regulatory agencies, 
and cooperative trade union participation will permit construction at the Maricopa 
Site to take full advantage of Risk Management, Risk Sharing, Stimulation and 
Innovation, and other cost-saving principles detailed in Recommendations on 
Better Contracting for Underground Construction (USNCTT, 1976). 

The Maricopa Site's low overall geotechnical contingency and readily characterized 
construction conditions indicate an uncommonly low risk for changes in construc­
tion conditions, thus allowing simplified changed-condition clauses and a reduced 
potential for litigation. An extension of these geotechnical advantages is that 
a short construction schedule combined with advance acquisition of the right­
of-way will allow conventional SSC facilities to be constructed during the term 
of a single labor agreement. As a result, the risk of wage and price increases 
is reduced, and the possibility that no-strike and work-rule agreements may be 
concluded is thereby improved. 

Heavy-construction estimates that evaluate alternative construction systems for 
the Maricopa Site provide benefits to DOE resulting from Alternative Bidding 
and Value Engineering proposals. These estimates will also permit DOE to let 
bids in a manner that minimizes risks associated with schedule delays. The 
advantages to DOE are threefold: 
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the elimination of artificial shortages in materials and labor; 

the providing of newer equipment and increased productivity by permitting 
several manufacturers to share heavy equipment supply; and 

the reduction of contingency estimates as a result of more reliable 
estimating concepts. 

Contract Packaging Concept. Arizona's supportive regulatory agencies and coop­
erative trade unions will allow innovations in bidding, bonding, and wrap-up 
insurance. The CU concept and the opportunity to substitute cut-and-fill for 
TBM tunneling on 63% of the site will permit the packaging of contracts to fit 
the bidding climate. CUs, for example, may be packaged to encourage contractors 
to bid single or multiple contracts. DOE can establish a structure of bid evalua­
tion that will award the contract to the bid package containing the best combina­
tion of benefits. The application of contract packaging principles will also 
reduce premiums for bonding and public liability insurance. The State of Arizona 
can assist DOE in establishing a "Wrap-Up" insurance program. 

3.5.5 LOCATION AND CAPACITY OF DISPOSAL SITES 

Construction of the SSC at the Maricopa Site will produce 1,430,000 cubic yards 
of spoils. Since the Maricopa Site surrounds Wilderness Study Areas, the assump­
tion is made that spoils will be transported to one of the dormant copper mines 
in the region and used for dust control and reclamation, so that the current 
emironment of the Maricopa Site would not suffer unacceptable degradation 
(Scartaccini, 1987). A cost of $10 per cubic yard is budgeted for disposal of 
the spoils off-site (see Appendix 3-B). 

The New Cornelia mine at Ajo is 60 miles south of the Maricopa Site. At cur­
rent trucking rates of $0.09/ton-mile disposal at this location would cost $5.40/ton 
or $8.40/cubic yard. The Sacaton mine 50 miles east of the site near Casa 
Grande is also available for spoils disposal. Trucking costs are approximately 
$4.50/ton or $7.00/cubic yard. The Sacaton mine also allows the use of rail 
haulage at $5.50/ton or $8.50/cubic yard. 

Alternatively, the spoils may be placed on-site inside the High Energy Booster 
(HEB) ring. The HEB has an area of 31,000,000 square feet or 700 acres. The 
full 1,430,000 cubic yards of spoils would cover this area to a depth of 1.25 
feet. Haulage costs average less than $2.20/cubic yard. Reclamation costs are 
about $2,200,000 or $1.50/cubic yard. Trucking and reclamation costs total 
$3.70/cubic yard. If this option is selected, a portion of the savings generated 
by on-site disposal could be placed into a fund and used to stimulate and develop 
environmental programs in the region. 
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APPENDIX 3-A 

Maricopa Subsidence Report 

Background. Theoretically, any overdraft of ground water in unconsolidated 
materials will result in some subsidence, but it is generally undetectable. 

Two things can preYent land subsidence from ground-water withdrawal: (1) de­
watering only non-compactible deposits, or (2) permitting ground-water declines 
less than some threshold value (where vertical effective stress exceeds pre­
consolidation stress) that initiates subsidence. In Arizona, water-table declines 
of 1 00 feet are th ough t to be sufficient to initiate noticeable subsidence. 
HoweYer, this relationship is site-specific, and subsidence has been measured in 
areas with only 50 feet of ground-water decline and undetected in areas with 
150 feet of ground-water decline. The controlling factors are the characteristics 
of the material to be dewatered. Because of the difficulty and cost of deter­
mining these characteristics oyer so large an area and their costs, the chosen 
approach is to control the water-table decline. For this reason a ground-water 
decline of 50 feet oyer 40 years was used as the maximum allowable from milepost 
o to milepost 5 at the Maricopa sse Site (see Figure 3A-l). 

The following report addresses two questions related to concerns about poten­
tial subsidence at the Maricopa sse Site. These are: 

(1) Ginn that over a 40 year period pumping must be controlled around the 
site, what cumulative pumping rates can be tolerated, for the life of the project, 
without exceeding a conservative threshold water-table decline of 50 feet at 
the ring location? 

(2) Assuming current pumping practices in the Waterman Wash agriculture area 
continue and that they cannot be controlled until the "safe yield"l concept 
takes effect in 2025, how much water table decline wiII occur from sse milepost 
o to milepost 5? 

In determining projected water table declines for the northeastern sections of 
the Maricopa sse site numerous conditions were assumed. These include: (1) 
that the pumping rate assumed wiII continue for the life of the projection, 
and, (2) all assumptions inherent in using the Theis solution apply. 

The first assumption is reasonable because, at worst, pumping will continue at 
the same rate, but in reality pumping should decrease in the future as agriculture 
declines. Additionally, if these agricultural lands are converted to urban use, 
a savings of 50 to 75% in water use would be realized. Irrigated agriculture 
currently consumes more than 85% of the water used in Arizona. 

The agreement with the Theis assumptions is considered adequate except for 
the concept that the aquifer is of infinite areal extent. Impermeable bound­
aries in the form of bedrock or clay deposits are a possibility in the area of 

1 Safe yield is that which occurs when ground-water withdrawal by pumping 
equals what is being recharged. Thus, no general lowering of the water 
table occurs. 
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concern. However, possible occurrences of these boundaries are not thought to 
be close enough to greatly change the calculated values. 

PROBLEM: To calculate the allowable volume and rate of ground water that 
could be pumped assuming certain specifications with regard to water table 
drawdown over a certain period of time. 

THEORY: Because drawdown will be taken to be much less than the total aquifer 
height, we can use the Theis (l935) solution to calculate draw down (S): 

S =Q W(u) 

4trT 

r2 s 
where u = -----

4 T t 
T = transmissivity 
s = specific yield 
r = radius of cone of drawdown 
t = time in days 

sohing for the pumping rate, Q, 

S47fT 
Q = --------

W(u) 

Transmissivities used were determined based on aquifer tests described in reports 
by the U.S. Geological Suney (Wilson, 1979) and the Arizona State Land Depart­
ment (White, 1963). 

Transmissivity, T, values ranging from 4,500 to 13,000 ft2/day with an average 
value of 8000 ft Z Ida)' was determined for the upper unit (the unit which would 
be dewatered) in the Waterman Wash Basin by the USGS. Toward the basin 
margins the values are generally seen to decrease as evidenced by 700 ft 2/day 
value found near the town of Mobile and the 800 ft2/day value in the upper 
Bosque Basin near mile 32 of the ring. However a hole drilled at D-3-1 33ccc, 
which is only one mile north of mile 2 on the ring for the sse project, en­
countered saturated material composed of a moderately sorted coarse sand and 
gravel with minor amounts of fines. Although no aquifer testing was done visual 
inspection of the material suggested a hydraulic conductivity (K) value of 25 to 
65 ft/day. Assuming a 600 foot saturated zone (based on gravity modeling) 
this gives T values in the range of 15,000 to 69,000 ft 2/day. Of course the K 
value can be expected to decrease with depth effectively lowering the T value 
to better match those found elsewhere in the basin. To thoroughly cover the 
range of possible values, a worst case of T= 600 ft 2/day, a reasonable case of 
T= 8,000 ft 2/day, and a best case of 20,000 ft 2/day will be used in the calcula­
tions. 
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Specific Yields, s, have been estimated by the USGS and private consultants 
working in the area to be .10. This value is generally considered low. III 
these calculations values of .05, .10, and .25 are used. 

SAMPLE CALCULATION: 
Consider r = 1 mile or 5280 feet 

Case 1: (worst case scenario) 
T = 600 ft 2/day s = .05 

Basic Equation: Q W(u) 
S = -------

411' T 

r2 s 
u = ------

4 T t 

(5280 ft)2(.05) 

u = ---------------------------
4 (600 ft 2/day)(14600 days) 

u = .039 
W(u) = 2.70 

S 4i1'T 
Q = -------

W(u) then 

Q = 50 ft (4) (600 ft 2/day) 
2.70 

Q = 139,600 ft3/day or 725 gpm 

The results using the various conditions are as seen in Table 1. 
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Table 1 

Allowable Pumping Rates 
(in gpm) 

1/2 mile l 1 mile l 2 miles l 

Worst-Case 
Scenari02 483 725 1379 

Reasonable-Case 
Scenari03 

Best-Case 
Scenari04 

4400 5738 8159 

11,007 14,346 20,656 

1 _ distance from centroid of pumping 
2 _ worst case is T = 600 ft2/day and s = .05 
3 _ reasonable case is T = 8000 ft2/day and s = .10 
4 _ best case is T = 20,000 ft2/day and s = .25 

5 miles l 

8742 

17,883 

44,104 

Currently there are only five large production wells in operation within fhe 
miles of the northeast section of the ring and these are all from 1.5 miles to 
three miles away from the ring. Their total 1986 pumping rate amounted to 2450 
gpm. Even under a worst-case scenario these wells are a marginal concern at 
worst. Combining the indications that aquifer properties do not match those 
of the worst-case scenario along with the continuing decline in agriculture in 
the area, subsidence from ground water decline is not considered a potential 
threat. 

Water Level Drawdowns Along the SSC Alignment 
Caused by Existing Wells 

The second part of this study concerns the potential water-level declines from 
existing wells within seven miles of the mile 0 to mile 5 section. See Figure 
3A-1 for location of the wells. The analyses will use both the wells' maximum 
possible pumping rate and their most recent (1986) pumping rates for a 40 year 
period. As previously mentioned there are only five producing (>35 gpm) wells 
within seven miles of the northwest (mile 0 to mile 5) section of the ring. 
The following data summarizes existing well data: 
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Table 2 

Well Max. Withdrawal Distance Distance 
Designation Yield in 1986 from from summation 

(gpm) (acre-feet) Tunnel point, (X)" 
(miles) (miles) 

21DCCI 3000 730 -3 -3.25 

28CDD 2100 521 -2 -2.25 

28DDD 3700 834 -2 -2.25 

34ACC 2600 755 -1.75 -1.75 

34DCD 3450 noo -1.3 -1.4 

·x - distance from well to point X on map. Point X was determined to be 
the point along the tunnel alignment where the sum of all the wells' 
drawdown would be greatest. 

Summary of results: 

For each well, drawdowns in feet were calculated using the Theis (1935) solu­
tion. Drawdowns were calculated, at the summation point X, using a specific 
yield of .10 and transmissivities of 600 ft 2jday and 8000 ft 2jday. 
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Table 3 

Drawdowns assuming Dra wdowns assuming 1986 
max. pumping rates l actual pumping rates l 

(feet) (feet) 

Well W2 R3 W2 R3 

21 DCC1 22 13 3 2 

28 CDD 37 12 6 2 

28 DDD 66 21 9 3 

34 ACC 70 17 13 3 

34 DCD 128 25 25 5 

Total 323 88 56 15 

Explanation: 
1 _ pumping rates continuous for 40 years 
2 W - worst-case scenario, T = 600 ft 2/day, s = .10 
3 R - reasonable-case scenario, T = 8000 ft 2/day, s = .10 

As the results in Table 3 show, using the current pumping rates, which are 
expected to decrease in the future, even assuming the worst-case aquifer para­
meters, the maximum drawdown would be only 56 feet. These results combined 
with the generally coarse, granular nature of the aquifer indicate that subsidence 
will not pose any future hazard to the region. 

The worst-case scenario, which assumes unusually low transmissivity and the 
theoretical maximum pumping rate, suggests a potential problem. Future geotech­
nical and hydrological work is planned which will better identify the regional 
aquifer properties. If conditions warrant it, the State is fully prepared to 
purchase the land and retire the water rights. 
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1.0 MODEL DISCUSSION 

In order to evaluate the potential of the Maricopa Site in a national competition, 
a review of the construction feasibility was needed. This review process, initiated 
in October 1985, was conducted by a primary Site Selection Team composed of 
a selected panel of U.S. underground construction experts. The Site RHiew 
Team included: Dr. Ron Heuer, Mr. Ian Hynd, Mr. Terry McCusker, Mr. Robert 
Miller, Dr. Charles R. Nelson, Dr. Roy Scott, and Mr. P.E. Sperry. Quantitative 
geologic, geotechnical, surface construction, and underground tunneling informa­
tion was collected for the Maricopa Site. This data was used to develop the 
site specific construction cost and schedule estimate alternatives for each Con­
struction Unit at the Maricopa Site. These detailed alternatives formed the 
basis of a sophisticated computer model which was used to estimate cost and 
develop schedules for the project. 

The computer model developed for the Arizona SSC Project is termed a Decision 
Support System (DSS). The DSS prol'ides a framework for quantifying the con­
sequences of changes in construction conditions, design, operating methods, 
schedule requirements, resource allocation and availability, productivity, and 
economic and financial indicators. It was used to understand and rank the 
impact of alternative construction methods on the overall Maricopa Site project 
schedule. This system provided a structure allowing the Arizona SSC Project 
Team to focus on construction methods that would allow the shortest project 
schedule with the lowest project cost. Over the past two years this system 
allowed the project team to evaluate various alternative sites within the state. 

Any project has the most freedom of action at the outset when there is the 
least information. The DSS allowed a uniform evaluation of alternatives in 
enough detail to define site specific project constraints. The result was to 
focus the project on construction methods with the greatest cost and schedule 
flexibility for site specific ground conditions. The system allowed numerous 
alternatives to be el'aluated with limited time and budget al'ailable for evaluation 
while maintaining a high lHel of detail, and complete integration of cost and 
schedule. ' 

The DSS is analogous to a recording studio used by a musical group. The tracks 
of the record (modules) are developed independently, each containing a specific 
aspect of the song such as the percussion instruments (set of variables). The 
tracks are combined by the mixer (alternative cases) in slightly different combina­
tions (master option schedule) until a good tonal blend is found. Alternative 
paths generate different cases by combining different modules or updating the 
existing information within a module. Iteration paths modif)' parameters set by 
the master schedule to create a different case. One typical parameter would 
be excavation rate. 

The DSS developed for Arizona's SSC program has evolved over the past 10 
years on various mining projects. It has been used to el'aluate strategic and 
tactical design, operating, and development decisions. The DSS is based upon 
proven project control software commercially developed, sold, and maintained. 
Project con trol software in tegra tes costs, sc hed u Ie, all d resou rce all oca (jon and 
prOl'ides the capability to analyze alternatives. These were key features for 
developing a Decision Support System. Project/2 software dHeloped by Project 
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Software Development Incorporated (PSDI) is the basis for the Arizona SSC 
Decision Support System. 

During early design stages DSS "what if" questions relate to e\'aluating basic 
alternatives to achieving a goal. In contrast, project control "what if" questions 
relate to evaluating consequences of alternate manpower or funding levels, or 
other resource constraints for a project whose construction methods have been 
fixed. Examples of DSS types of questions are: what are the manpower, cash 
flow, and schedule implications of using a TBM system with preformed concrete 
segments instead of using cut and fill techniques. 

Systematic heavy-construction estimates for each Construction Unit were the 
basic input for Arizona's model. 

Arizona's model allows total integration of cost and schedule with summation 
of cost and schedule by contract as well as by sector. Arizona's model can 
monitor up to 99 geological and geotechnical conditions for both ground support 
and instantaneous penetration rate of the tunneling machine for each tunnel 
contract regardless of the sectors that the tunnel crosses. This allows an ac­
curate evaluation of the impact of changing geotechnical conditions as well as 
a realistic definition of contract lengths by economic, geologic, and topographic 
considerations. Another benefit of this approach is the ability to reliably evalu­
ate the merits of alternative construction methods as they apply to individual 
contracts and to the project as a whole. Sensitivity of the project to innovations 
was accurately quantified and demonstrated showing the benefits of Arizona's con­
struction conditions. 

The number of data manipulations run during the analysis gives an idea of the 
level of detail of the model de\'eloped for the Arizona project. For the current 
model there are: 4000 activities, 350 summary cost elements, 800 cost accounts, 
three primary exca,'ation methods, two development advance rates, 500 resources 
and six identified cases for a ten year period. The schedule module makes 
about 33 million data manipUlations for the eight cases. The cost model makes 
an additional 92 million data manipulations for the six cases. A primary cost 
model takes about 3.5 CPU hours to run on a V AX 8600 computer. The model 
currently allows construction contracts to be designed without regard to changing 
sector boundaries while tracking cost and schedule for varying geologic and 
depth conditions. 

The DSS was used to develop the best case for the Maricopa site. 

Construction costs were entered in a number of ways depending on the level 
of detail available. Site specific hea,'Y construction type estimates were de\'eloped 
for TB.M and cut-and-fill tunnel construction, for shaft construction, and for 
surface buildings. Examples of the Projectj2 output and of the input details 
are given in this appendix. 
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2.0 TOTAL PROJECT COSTS DEVELOPED ON PROJECT /2 

2.1 Total Project Costs Grouped by Construction Activity, Totaled for the 
Project 

This report details the total cost of COUl'entional Facilities Construction using 
the Central Design Group's Work Breakdown Structure. Costs are detailed by 
year, and grouped by activity. Costs are totaled for the project at the end of 
the report. This total is the Direct Cost referred to in Volume 3. 
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.un :ONA sse PROJECT 
to.P.ICOf'A SITE 

FACILITIES ES'f1H.AT'E 
T&A.JU,Y COST St..'l'+UJ'.Y 

..... .lllH,,,, .. D~$C1UPTION 

1000000 MIZot<lA sse 
102121000 COtIS'n".!JCTION St,JPPOI\T 

IJ&He9 TO )lDEce. 

21210.00 ·"TOTAL·· CONSTRUCTION SUPPORT 
'11200000 nrtrNEJ,. ACC'E.SS 

I12412A ··TOTU .... TUNNEL .ACCESS 
t\1210000 'TBH SET UP QU.HBa 

Ill: 4128 ··TOTAL·· TBH SET UP CHAHBER 
111220000 'mH TUNNEL EXCAVATIO 

IJAH8t TO llOECIU 
IJA.N90 TO 310EC,O 

1J»I90 TO )IDEe90 

IJAN90 TO 31DEC9Q 

912412C ··TOT,u,·· TBH TlfN'N£L EXCAVATION 
911230000 TBH TTJNNEL SUPPOJ\T 

'1241.20 ·"TOTU·· TBH TUNNEL SUPPORT 
9112 .. 0000 1'1lH TUtmE1. FIT AND C 

1.1AN91 TO 310ECil 

IJ.t..H91 TO llDEct} 

912,,12E "-TOTAl.'" TBH TI.JN'NE.L Tn AND COHHISSION 
'11.320000 'I'BH TtmNEL EJ(CAVATIO 

IJA.N90 TO 31DEC90 
IJA.N91 TO lIDEe9l 

1I12413C • -TOTAL·. T&H Tt1NKE.L UCAVATION 
111330000 'Imt Tl1tmEL SUPPORT 

1124130 • "TOTAL·. TBH 'I'UNNEL SUPPORT 
911340000 TBH TUNNEL FIT J.M) C 

lJANIIl TO 31DE:ClI} 

lJA.un TO 31DE:Cn 

fl.2.13E ··TOTA..L·. TBH 'TO'NNEL FIT AND C(JtoflISSION 

'64000 

944000 

LABOR 

101439 

101439 

23932:07 

23934:07 

376827 

)'He27 

240030 
eS5U 

73705 

"30Z0 

4)020 

J..FlI:!ONA SSC PP.OJECT 
tQAICOPA S:TE 

FACILI7IES E:ST:!iA":'E 
r&.AR!..y COST Str!+tA.P.Y 

"". NUMB.,. DESClUI'TION 

911400000 1"UNNEl. .CCESS 

t12.1U ··TOTU·. TUNNEL ).CCESS 
'11420000 TBH TUNNEl. E.XCA,VATIO 

lJ'A.N89 TO 3l0ECe, 
lJAH90 TO 3lD£.CtO 

lJa.N90 TO 31DE:CtO 

tl2C14C "":'OT-.1.·· TBM TtJMNEL E.XCAVATION 
911430000 TBH TUNNEL SUPPORT 

'12.140 ."TOTU" TBH TI.1NNE.l. SUPPORT 
.11 .... 0000 1'BM Tt1Nl4"EL FIT AND C 

lJAJftl TO J1DE.Cil 

1J'ANtO TO 31DE:CiO 
lJANIIl TO llDECtl 

112414& ·-TOTAL'" TaM T\1NNE.L FIT wo COtflISSIOH 
tl2120000 tBH TfJN'NE.t. EXCAVATIO 

lJAN~O TO llDEC90 
1"»191 TO llOE:C91 

tl2421C ··TOTAL-'- TBH TUNNE:l. EltCAVATION 
112130000 1'IJ,M T1JH"NEL SUPPORT 

t12421D ··TOTAL"· ftH TU'NNEL SlRPOJII.T 
112140000 'rBH TtJNNEl. FIT AND C 

lJ"»l91 TO '10ECH 

1JJUi'91 TO 31DECtl 
IJ"ANt2 TO 310EC92 

91242lE •• TOTAL •• ~ Tt1N"KEL FI'T AND C0M11SSION 
112200000 TtmNEL ACC::&SS 

'12C22A ··TOTAL·· TUNNEL ACCESS 
912210000 'nM1 $C" UP au.M8EP. 

IJJ.N8.9 TO 31D£C1!I9 
IJA.NiO TO 31D&CiO 

IJAN90 TO llDECtO 

SUP.Fa.CE 
BUILD Ul'OR 

10'2354 

106235" 

265338 

265338 

172080 

2238902 
,111450 

2·U0352 

514899 

34~"7,e 

31059 

31UI;:1 

2338"10 

32"3'" 
205lflH 

53'::2240 

32693/6 
2052ai4 

9049221 
568.a •• g 

Hi312iO 

11401 

:'1401 

31019154 

)lel_cH 

372205 

31';~05 

.l:.e603 

1H,,1'8 

3108 
"8:2 

10i20 

456400 
3":1'U 

CU1i5 

30U759 

23il9 

o 
o 

OVEJU<r.J.D 
, PRCFtT 

4121144 

4123944 

3illSS 
123"118 

2014::'0 

3488455 
29')"705 

h40JO 

3':693""'6 
.z"51BH 

::'1.<:840 

112840 

7013025 

70130'::5 

37416:e 

E ~ 684 S 
':'2450 

861415 

.... ~910 

.... 5.910 

C s"'!-o 

3'::693'76-
;:O~2864 

lG:9al6 

5~95'; 

132046 

1iDOOO 

:"7""'34 
3301:<: 

t04 ;::1 
5t.aZ06i 

lC'31;:90 



».1 ZONA sse pJltOJECf 
tQRIC~. 51-:"& 

FA.CILITIES ESTIHATE 
nAP..LY COST SI.IlflA.R't .... 

""""'''' DESC1\IPTION 

1124228 uTOTU"" T1UoC SET UP CKa..HBEP. 
91.2220000 'mH Tt.."N1l£l, EXCAVATIO 

IJ'AN90 TO llOEC90 
IJ'~91 TO )10Ee91 

tl24Z~C "TOTAL'" TBH Tt1N1lEL E.X.C'AVA'tION 
112230000 mH Tt.."NNEI.. 5UPPClRT .-

tl2422D .. "TOTU·" TBM 'I1.1NNEL SUFFORT 
912240000 'TBH Tt,.."1lNEL FIT ~"D C 

l..1AN91 TO llDEe91 

1.1~91 TO liOECi1 
IJAN92 TO llOEC92 

912422£ ''''TOTA.L'' TBH T1JNNt:L FIT AND C~ISSION 
912320000 nH TtnIN£L UCAVATIO 

IJAJHO TO 31e£CiO 

91,2423C ··,.OTU·· TBM TIJNNE.L E.XCAv""rON 
912330000 T'BH 4'L"NllEL SUPPORT 

9124.;:3D ··TO'l'.I.L'" TB.H ':"t1NNE.1. SUPPORT 
91,,340000 mH Tl.JH'llEL FIT A.N~ C 

IJA.N91 TO 310E-en 

1.1"""91 TO 31CE-Cil 

912423£ "'Z'07,u,·· TB.H TlJNl:E.L FIT AND CotoeilSSION 
tl2420000 TBH Tl.."NNEL EXCAVATIO 

I.1AN90 TO 310£c90 
IJA.N91 TO 31DEe.1 

912.2.C .... TOTll .. • TBH T~:" EXCAVATION 
912430000 TBH TtJN'NEL St]PPOP7 

U24240 "·'I'O'I'U·" TaM T:.rNNEL SUPPORT 
il2"" 0000 'I'BH TU1n."E.1. FIT AND C 

IJAl-lil TO 31eEcH 

1..1.u1 i1 TO 310Ecn 

SUN'AC% 
BUILD 

o 
o 

LA.BOP. 

233810 

18333'2 
1450550 

1625009 

HOte) 

4i8i20 

15e3)'9 

l!1e319 

91978 

153e ire 6 
US1'0 

2064156 

5011 i4 

501194 

333801 

ARIZONA sse PROJECT 
KJ.P.I COF A :a T'E 

FaCI1.I'I'IES EST::HA.'rE 
1"E..AJU.Y COST 5ut+U.R1' 

eEsCP.IPTION AO: PER 

812.241. • "TO'I'A.!.·· '!"'BH TI.1NN£l. FrT AND COMMISSION 
913100000 ~L A.CCESS 

il243U .·TOTAL·· Tt7NNE:t. ACCESS 
,13120000 TBH T1JH'NE.I. £.XcaVATIO 

IJAl-Ie. TO 3l0EC8. 
1.1AN90 TO 310EC90 

IJAN90 TO 31DE.C~0 

91~4 3le .·TOTA!. •• T'BH Ttno"'NE.l. E.XCAVATIot<! 
913130000 TBH T1JN'NEL SUPFORT . 

9124 )10 • ·TOTJ.l. ... TBH TUNN£.l. SUPPORT 
913140000 mH TUNliEL FIT uro C 

l.1a,tUl TO 310£.(;91 

IJ'AN90 1"0 31DJ:C90 
1JJ.N91 TO 31DE.CU 

9l243l£ ··TOTU .. • T8K Tt1NN£L Tn &.NO Cotoe4..ISSIOW 
'!3400000 n»rnE1. ACCESS 

91::43411. .·TOTU·· Tt.mNEL accESS 
tlJ.10000 'IBM SET UP CHA.HBER 

9124'4. .. .. TOTU .. • TBM SET UP CHI..HB.E.R 
'1)4 4 0000 "IBH TUNNEL &XaVATIO 

lJAN6i TO 31t)£CBO 
IJAJUO TO 110EC90 

13t.N90 TO 3IDEe90 

lJt.N90 TO 31oECiO 

91243tC .. TOTU· .. T'8M 'rtl"NNi:L EJtC,Avt.TIOW 
913430000 TBH TtJNNE.L SUPPORT 

9124340 • ·TO'l'J..l. .. • TaM TtnrNEL IUPP~T 
113440000 'nIH Tt.1NlttL nT AND C 

l.1ANil TO 310EC9l. 

lJA.H i1 TO )10LC91 

SlJRf"ACE 
BUI)..O 

o 

o 

o 

333801 

o 
o 

239811 

58"4 

43020 

o 
o 

o 

101439 

1(14)0 

422645 

.2264S 

153191 

153191 

"'87 

'74'921 
,139'7, 

llZ090J 

5e8eu 9 

54945 
9114 

'4059 

11U69 

119489 

,e3301 

,e3l0., 

H20 

331029 
U'7'51 

111,21";'80 

2"6114 

211lU 

EQUIPHDn Hlt.TE1UAl. -----"". 
20433'0 
12830.0 

332UOO 

5020e09 
3152,o1 

8173410 

o 

21189 

49~91 

C9S91 

3100'4 

7" 
1tS) 

2730 

o 
o 

o 

11401 

11401 

'81'1 

"60, 

OYEllHl:.l.t> 
, PJltoFIT 

,aHi3) 
3132189 

10112122 

o 

5I23i195 

2655524 
'1(1.4586 

3440110 

OV£N<U.D 
4 PROF:T 

o 
o 

4'14:S 

471425 

6'0249 

roUl. 
DOLI..AP.$ 

259155 

96201JZ 
4515"315 

1451154 (; 

15}3658 

7513 .. 58 

900966 
154056 

1055042 

963Cj6 

ge,,,e 

4625536 
132710' 

3167308 

roT..,. 
DOL!..A.P..s 

35.996 

332UOO 

'1,oee1 

1'~026 

1;:136 
)301~ 

45150 

5020809 
315.HOl 

81"'3410 

112640 

1128.0 

1191585 

11916e5 

"H2!22 

712822 

_ ~ 1 J 1 



.UU::'ONA sse P"OJEC'T 
IOJUCOPA SITE 

rACILITIE.S ESTIMATE 
YLUU. '( COST SUHH.LP. Y 

DESCP.IPTION Ace: PU 
St1P.FAa 
BUILD LABOR 

112434~ ··TOTAL'" TBH Tt1N'NEL FI'T &1ft) COt9CISSION 
t14100000 TUNNEL ACCEsS 

.124.a •• TO'I'Al.. •• TtlNNEL acCEss 

.UI10000 '"* SET UP OIAHBD\ 

ti244lB • ·TOTU'" TaM S£T UP CH.A.HBE.It 
'U 1;-0000 'IBM TUNNEL EXCAVATIO 

IJt.HlU TO l10E-cS9 
IJAJHO TO J1D£C90 

IJt.H90 TO 310EC90 

IJA.N90 TO 31DEC90 

t12441c ·.TOTAL ... TBH TUN'NEL E.JtCAVATION 
,1.130000 'rmof TtmNEL SUPPORT 

'124410 ··TOTAL.· TBH TtJ'NNEL SLlPPOI'tT 
914140000 'mH Tt1NNEL FIT AND C 

IJAN90 TO 31DEC90 
lJAN91 TO llO£C.91 

IJ"AN90 TO 3l0EC1l0 
IJJ..N91 TO 31DECil 

,1244l.E. .... TOTAL ... • TBH TUNNEL FIT AND C~ISslON 
U4220000 '%1S.H T1JNllEL EXCAVATIO 

o 
o 

101439 

101439 

782531 

782531 

262159 

11961 
9'3~3 

108354 

1JAN~0 TO lID£C1l0 10U6,u 

112 •• 2C • "'TOTA.LU T'8H TtJ'NNEL EXCAVATION 
5114230000 TBH TIJN'NEL SUPPORT 

IJAIHO TO 310£C90 

'12442'0 .·TOTAL.· TBH TtJ'HNEL SUPPORT 
~14240000 TaM TtJNNE.L FIT AND C 

.lJA.N90 TO 310£C90 
IJANU TO 310EC9: 

o 
o 

U24.ZE .... :roTAJ..,· .. TBH TtJ'NNEL rrr AND COHHISSION 

ARI:!.ONA SSC PROJECT 
HAPICCPA SITE 

TACILITI&S ESTDUTE 
Y"EA!\L Y COS T S t1t+tA.R 't 

lUi33 

191633 

35863 
826.0:4 

118707 

""S 
lIl1MBI:R OESC1UPTION ACC PER 

SUP.FACE 
I!UI'!.O LABOR 

114300000 TUNNEL ACCESS 

tI2 •• ll .. "'TOTU·" TUN'N'EL ACc::ES5 
,H310aOQ 'IBM SET UP OI.AMBD\ 

91244311 ... -TOTAL". TBH SE.T UP CHAMBER 
914320000 mM TUNNEL E.XCAVATIO 

1J'ANU TO )IOEC89 
IJA.N90 TO 310EC90 

lJAN90 TO 310EC90 

lJA.H90 TO 31DEC90 

.12 •• 'C ··TOTAL·· TBH Tt.'"NNEI. E.XCa.VATION 
114 330000 T&H TtMNEl. suPPORT 

t124430 ".TOTAL." TBN TUNNEL SUPPORT 
tl4HOOOO TBH TutlNEL FIT AND C 

1JAN90 TO 310£C90 

IJA.N90 TO )10£cto 
lJAJUl TO )lOECH 

U24431 ··TOTU ... • TBH Tt1NNEL FIT AND C0M4ISSION 
'~1200000 ~ SHI:ELOING ., 

lJAN91 TO )1DECt1 

,22412.A ··TOTAL·. Et.E.C'T'P.ON SHIELDING NICHE. 
,21300000 EL£.C'TJ\ON SH.IELDING H 

1JA.N91 TO )IOEC'I 

.2241U •• TOTU .... ELECTRON SHIELOING NICHE 
'~140"000 EJ..&C'tRON StU&LDING N 

1J.UUO TO llD£C90 
1JAN9I TO l10EC91 

92241U. ·.'TOTAL·· &I.ECTP.ON SHIELDING NICHE 
12.2100000 E1.£.CTRON SRIr.l.OING H 

lJAlUl TO 31DECil 

1224i2l.A. • ·TOTAL· ... El.EC'T1'ON SKIE:LDING NICHE 
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101439 

1014311 

331258 

331256 

o 1819i4 

o 1839i4 

o 
o 

o 

o 

11961 
31059 

430~0 

392154 

392154 

491002 

"99002 

46338' 

)'21$. 

392154 

350.24U 
21H4"4 

5702340 

4e09 

o 
o 

11401 

11401 

144130 

"7 
'111 

1"7!211 

175211 

~ P~2i3 

2331 
S20e 

"7$39 

EQUIPKEN'! HA.!'EP.IAL 

129"3!13 
8:'46: i 

21:..1 ~iO 

11.01 

11401 

5-4)31 

5.331 

313814 

777 
1.53 

.130 

3'''' 

4314' 

4314' 

15714 
2~212 

4i098' 

3'''' 

1360023 

l)'OO~) 

OVEP_'i:E:.A.:i 
, PP.CF':~ 

'9iiH 
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TOTAL 
DOLLARS 

80496 

3501it'6 
~19U"7-4 

SiO.lHO 

11.28-40 

11"tJ-40 

.l.l 86ti 64 

9i)';4: 
1035'P6 

1133138 

12"738 
10250-4 

11520: 

3'116-4.0:: 

3511642 

1183906 

1183906 

36'=:'4 
8(1032 

TOTil 
OC:'UP.s 

12i"J~3 
81"':.7 

21119';'0 

11'::6.0 

11~6.C 

106558~ 

1085565 

497648 

12"138 
3)01.0:: 

45i!-0 

.;-88;0 

542148 

54 .. 146 

183i6':> 
3 .. ,)5"2 

soni 2 

42!820 



A.l'1:'ONA SSC PROJEC'T 
)GJ\ZCc.>A SIn 

rACI1.ITIE.S £STIXA.TE 
'tE.AP.l.Y COST Sl..IHi.AAl 

D&SC1't.IPTtOM Ace Po. 

'22200000 El.ECt'N)N SHlZL.DING )( 
lJAIUl TO llDECtl 

12242ZA •• 't'OTU." E~OM SRIEJ.I)lNG tncKE 
'22300000 'El..&C'TIU)M SHIELDING N 

IJAH91 TO )lDE-Cll 

.22421). •• 'tOTaL'" £t.l:C'ntON SRIEloDING "IC~ 
'22400000 ZLECTlWN SlUELotNG N 

1.n.N n 'to 31O'£C91 

,,224;.;:4A "·TOTAL'" £lEC'TP.ON SHIELDING NICHE 
.23100000 ELE~N SHIELDING N 

lJJ.lUO TO 310Le.o 

'2243U •• TOTAL." £lEC'T'RON SHI.ELOING NICHE 
'23400000 El.£CTRON 5HIEI.J)ING M 

1 JAN n TO 31t>£C91 

922434A "·TOTAL"'" E.1ZoCT'PtON SHIELDING NICJi£ 
92·4100000 E.lLCTROH $H.lE.1.01NG N 

1J).N90 TO 31DEC90 
1JAJ{91 TO 31DEC91 

922441.& ·rrOTA.I..·· El..ECT'P.ON SHIELDING NICKE 
924200000 E'.L£CT1'I.ON SHnLOING N 

IJA.N90 TO 31DEC90 

922442A .""'T'O'tU •• E.I.ECT'l\ON SHIELDING Nlc::HE. 
9.24 )00000 ELEC'l'F.ON SHIELDING N 

lJA,N90 TO 31DE.C90 

9224.of13A ·"'TOTAL"''' El.EC'n\ON SRIE.LtlING NICHE 
,31200000 POWEJ\ Al.COVE 

932412A .·TOTAL •• POtiE.R AlCOVE 
'31300000 POWEfI. .u.cOVE 

IJAN9l TO 310ECU 

IJANU TO 31oEC91 

SUN"ACE 
8Ul1.0 

o 
o 

LABOR 

1041082 

3U090 

398090 

933"10 

933"'0 

3"'348 
933"'0 

130118 

130118 

130718 

3"348 

31348 

.2'143' 

2614', 

209'18 

ARIZONA sse PROJECT 
Kl.RICOPA SITE 

FACIl.ITIES ES'TIMA':'E 
rEAP.LY COST slJMQJI!.r 

ftS 
HUHBD. D~$O\IPTlON 

,32413A •• TOTAL"'."~ ALCO"oz. 
,31400000 POWER ALCOVE 

'3241 U. • -TOTAL·· pOtlEJ\ ALCOVE 
.32100000 I"OWEfl .aJ.COVE. 

.3242lA ·-TOTAL"'·"~ Al.COVE 
,32200000 PO'WER ALCOVE 

'32422A "'.1'O'tJ.L" PO«Dl u.cOVE 
.32300000 POWER ALCOVE 

1l2423A. .*TOT,u. .... p~ A.l.CO""E 
.32400000 i"OWEIl u.cOv& 

.,2424A ---TOTAL·· I'~ A..LCOVE 
'33100000 POWr.P. ALCOVE 

,3243U .·TOTAl. .. • "OCR ALCOVE 
.33400000 POW!:.A ALCOVE 

.32434.1. .·TOTAL"'. I'OWE:I\ Al.COVE 

.34100000 POWER ALCOVE 

.,244U .-T01'U.· 1'0fiIEJ\ ALCon 
• .,4200000 POttEIt LX.COVE 

Ace F~ 

lJAtU2 TO l10EC92 

lJAN90 TO 310EC90 
lJUlIl TO 310£C91 

IJAtUl ~ 31DECfl 

lJAN 91 TO 110EC91 

IJANU TO llO'E.c91 

IJI.tf91 TO llDE-cil 

lJANiO TO 110£ctO 

IJANfl TO 310E.C91. 

1JJ.N90 TO 31DECj,O 
IJAN91 TO llDE-e9l 

l.7AJoltO TO 110£C90 

o 
o 

o 

o 
o 
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LABOR 

123050 

3326'S 

13071e 
l'6eeo 

32'~9S 

242762 

242"2 

726554 

319930 

319930 

26"1372 

2'''7372 

'J',uu 

7·U" 

37348 

37348 

'3370 

93370 

'6138 

U138 

442;!.' 

442;.;:6 

3"'02' 

31026 

8'7)0 

6984 

'984 

3492 
8 i 30 

12222 

12222 

3492 

3492 

59444 

40734 

230')0 

63764 

29"122 
3'848 

"510 

551U 

1~J262 

,"UiB 

~9804 

5'804 

8492 

8492 

4246 
l'w84 

2l~30 

21230 

OVU'JILUl 
, PP.OFl':' 

o 
o 

TOTAL 
DOl. LAP."; 

114!l':.i:D 

!o610)b 

561036 

4 3.5116 

.. )$116 

1 o;:~:o 

41)64" 
1~'::': .) 

14'::940 

142HO 

14.H40 

40~40 

40640 

320&60 

')20660 

2S03~2 

TOTAl. 
OC!..:JU>.s 

160440 
2331,,8 

:!1SoeOa 

32 -:'171i 

i.aeo 

4 ~e4o 

1':'46 ";'0 
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"". NUMBER D~SCRIPTIOH 

932"421. ··TOTAL"'· POtIER ALCOVE 
9343"00000 P01tt.R AJ..COV'E 

t32443A "''''TOTAL'''· l'01lEJt. ALCOVE 
9c 1100000 SHAFT HOBILX=.ATION 

924113A .. "'T:>TAL'"" SH.AFT MOBILx:.,.:rtoN 
941110000 StUFl' SE.T \JP 

"241138 ... TOT.u.. .... SHAFT SET UP 
U 1130000 SKAF"T COLLAR 

9241130 ··TOTAL"'· SH.A.Fi' COLLAJ\ 
g·41UOOOO s.tUFT s:nn::tNG 

i24113E. ·"'TOTAl,.·· SfUJ"7 Snnt:ING 
Hl15000Q stW"T FUPJlISHING 

92411'3l* .. "'TOTAL"''' SH.I.FT FURNISH.lNG 
it 1160000 S1W'"T CLE.AN UP , DE'.H 

AJII.I :tONA sse ,Jll.OJE.CT 
to..RICOf'A. SIn: 

I'ACIL!TIE.S ESTIMATE 
Y'E.lJ\l..y COST stJl4o(AR't 

ACC PER 

IJAtUO TO 31D£C90 

I3AN8' TO lIOE-ce. 

IJAN89 TO 31DEC89 
1..1AN90 TO 310.&c'O 

IJAH8. TO )IDECS9 
1"AN90 TO 310EC90 

1JANeli TO )IDEC8' 
1"AN90 TO )IDEC90 

IJANe9 TO )IDECS i 
IJANPO TO 31oECiO 

l,)'AJUO TO )loECtO 

SUJIIFAC£ 
BUILD 

o 
o 

'3370 

37:H8 

35H 

3591 

1081.44 

2582~ 
136056 

luee.o 

2624 ,,. 

2.2477 

o 
32588 

32588 

1215"'2 

924113G .. "'':'OT.u.·. SHAFT C'1.E,..t.N UP , ODiOB 
U11 '0000 SIiAF'l' HANlIA.Y!DP..IFT 

121572 

'24113H ·"'TOTU"'· SHAFT IQNWAY/DP . .IF'I' 

DESCP.IPTION 

941)00000 $HAFT HOBILt:ATION 

924133A •• TOT,u, .... SftAFT MOBILI:,).TlON 
941)10000 SJUFT SET UP 

'24133~ ."TOTU·· 5H..l.n SET UP 
'41320000 sHAFT PfI.E-GP.OUT 

t241)3C ··TOTAL·· 5HAF't' FP.£-GROU"l' 
'41330000 SHIo.FT COLLA.R 

9241330 .... TOTU·· SHAF':' COLUR 
'41340000 SHAFT SINJ(INC 

.2413U ."'TOT.u.. •• sHAF'l' S%NJ(lNO 
141350000 SH..U"T FVJ\NISHING 

.24133F .·TOTAL.· SJUFT ~ISH.ING 
'41"0000 SJi.U'"T CL.E.A.H UP It ODt 

IJ'AN89 TO 31DEC89 
1JJ..NiO TO )lDEC90 

ARl:'ONA SSC PROJECT 
HAP.lCOPA SIn: 

F'AC:n.ITIES ESTIMATE 
r&AJU.y COST S~Y 

AO: PEl' BUILD 

1..1AN89 TO 310ECS9 

l.:A.H81 TO 3lDEcet 

IJA.H8t TO 310Ece9 

1JAN8i1 TO )lDEce. 

302745 

34115 

34U5 

920 

9;:0 

1'1880 

1'1880 

l"A.Ne~ TO ]lDEce9 
l..1ANiiO TO 31DEC90 

o 
o 

123"'''86 
459800 

IJAN8; TO 310Ecel 
IJ'ANIO TO 31DEC90 

IJJ..N8i TO 31DEce9 
IJANIO TO 31DECSIO 

o 
o 

o 

28312 
'5320 

"712 

,24133G ·*TO'TU· .. $H.I.F'r C1.EA..H UP " DDfOB 
141370000 S)QF"T KANW.a.Y/:lRIFr 

105252 

i2411lK ··TOTU·· SK.U"":' H.UtWAl'/OJ'tlFT 
141400000 s:H.AFT MO:aILl2.ATlON 

lJ.a..N8i TO 31PEC8~ 
IJ'Al'IS-" TO 31CEC.O 

lJANU TO )lDE.CSI 

o 
o 

Stale of Arizona, Maricopa Site, September 2, 1987 

734&5-
1,,:,,450 

250935 

')390 

'3390 

o 
o 

o 

21230 

eu: 
eU2 

1214'" 

121476 

228850 
U~020 

41 0670 

15730 
428350 

444080 

4DOO 
8.51 i 

12517 

4163-4 

121000 
25U09 

3""'409 

E.QUIPMCIT HA T'EJU,AL 

133iO 

'33.0 

o 

o 

o 
o 

o 
o 

o 
o 

o 

1.00e~ 

143781 

270870 

270170 

'956)'" 
23JO~2 

.2IUO 

l'0!.3 
"311 

50110 

37'121 

22"1503 

oVU>!U.O 
, PPl.OFI'l' 

o 
o 

Slon 

164724 

IceD 
421" 

lo.::n8 

O~ 
, PP.CF':"': 

91398 

9i39a 

.'091 

J30e.2~ 

1'138 
1'138 

3221, 

1i4'0 
5.21 '4 

71'34 

15I2'2 

TOTAL 
DCl.LAP..s 

11460('1 

.. 50840 

.l94213 

luSH4 

)0-:'098 
)4 ';74:3 

875211 

194.04;8 

194028 

l!l12S0 
631632 

7830B2 

TOTAL 
OO!.LAPS 

3'8084 

368684 

1301 '6 

1361 " 

920 

920 

·p6e41 

215-7096 

1"'2i13 

93654 
i36S4 

181708 

231051 
448':39 
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""s 
"""""" DE.SCRIPTION 

.24143&. ."TOTAL" SHAFT MOBILIZATION 
"1410000 SHAFT SET Ui' 

.241438 II eTOTA.L"" SRIFT 5E'1" UP 
1414.20000 SHA.F'T PRE-GROUT 

124143C ··TC'TAL·· stuFT PP.E-GROUT 
941430000 SfUJ"T COLLAR 

1.2414)0 ·"TOTAL·· StaFT COLLAR 
.41 .... 0000 SJi.U"'T SINKING 

t2414)E: ··TeTAL·· $H.AF7 SrNlCING 
'41450000 SK.l.T'I FtJ"RNISJUNG 

92414)F .... TOTAL .. SHAFT FUP~""ISH.IUG 

941460000 sHAFT C.tLA.N UP , O£H 

AJ\IZONA sse F~o.nCT 
MIJIlICOPA SITE 

FACILITIES ES7'IMA':'E 
rEAJU..r COST Sut+tA.P.Y 

ACC Po. 

l.:r~e. TO 'l1DECe, 
1J..,.,90 TC 31DEctO 

1JAN8' TO llDEC8, 
IJA}oI~O TO 31DEC.O 

IJJ.NS. TO 31DEC89 
1JUliO TO 31DEC90 

IJANe9 TO 31DEC8, 
IJA,NiO TO :)lDECtO 

IJAN iO TO:) IDECtO 

1 JAN 90 TO 31DEC90 

SIJP..FAC£ 
BUILD 

o 
o 

o 

LABOP. 

84096 
130200 

le4" 

.0384 
14~U2 

233) 7' 

205"580 

185B1 , 

185816 

15"'675 

SI.i:4143Gl ·"TOTAL'" SHAFT CI....E.AH UP , DDtOB 
941410000 SHAFT KA.NWAY!DR!n 

t24143H ··TO'TU·· SHAFT tQN"WAr/ORIFT 
t4210COOO SHAFT HOBIl.I:ATION 

92421lA ""TOTU'" SHAFT HOBILIZATION 

""s 
DE.SCP.IPTION 

'42110000 SHAFT SE.T UP 

92.(21lB •• TOTAL" SHAI"T SET UP 
'42130000 SH.U"T COLl.AJI. 

'242130 .·TCTA.l.·· SMAF"T COLLAJ\ 
942140000 SH.l.FT SIN1':ING 

'2421.31: •• TOTU •• SR.U'"T SINItING 
'42150000 SHAFT FUJUUSHING 

124213T "*TOTAL'"" SHAM FUPJUSJUNG 
t4 21' COOO s.HA:n' CI.E.AN UP " DDt 

IJANU TO 31DEC8 t 
IJ.l.NiO TO 31DE-CtO 

IJ.l.NU TO 3lDE-cat 

ARI%.ONA SSC PP..O""~CT 

KUtICOPA srn: 
FACILITIES ESTIMATE 
TE.AJU.T COST sln+U.P..r 

SuP.FACE 

13,48 62 
1.20:66 

';:61048 

3!-91 

3591 

ACC PElt 8UIl.D LABOR 

IJANU T'O 31DE.e89 

IJANe9 TO 3lDEC •• 
IJAJoIiO TO 31DEC90 

IJAN8. TO 3lCEce. 
IJA.N'O TO 3l0£.C.0 

IJANU TO 310£C8, 
lJAN.O TO 31D£CtO 

IJA)let TO 3l0Eca9 
IJA.NtO TO 'IOE-ctO 

o 
o 

160224 

144"ta8 
90184 

23~172 

7"15"5 
432.212 

1207887 

UO" 
27588 

11654 

t24211G .·TOTAL .... SHAF'T cxz.t.N UP , ODt08 
'42170000 SHAF'I' KUnfAY!CflIF'T 

124213H "'-TOTAL". SHAFT HANWAY IORI" 
, .... 2200000 SJU.I"T HOBILI:ATION 

t24223A ... ·TOTAL .... SKArt NCeIl.lZATION 
942210000 SHAFT SET UP 

8242238 "·TOT.u.·. SH.A.M" SET UP 
'42220000 SHAFT PM-G:P.oUT 

IJANU TO )lDEC" 
IJAJUO TO 310£C90 

13.1.)1'9 'rO llCECa, 

IJAN89 TO 31D£C8' 

1".1"'0 TO 310£C'O 

State oj Arizona. Maricopa Site, Septemher 2, 1987 

127"164 
8320.2 

210.66 

1'7" 

.20 

140J8S 

93390 

933!;O 

"6U" 
o 

,UU.5 

22750] 

)74262 

''710710 
129",77 

2007187 

70997 

70997 

160133 
3550"3 

515206 

1214'76 

o 

5247'0 
261508 

'0'7" 
1'102 

"6,.,6 

45094 
21120 

'U1" 

"'4'111 
1'7250 

'073' 

'0"138 

OVU.KE>.ll 
, PP.Of"IT 

152;;:,;: 

;:6136 
3;910 

47'86 

341'8) 
SHU 

eVEP.KL\D 
, PP.OF!T 

156538 
,26136 

182'"14 

215'U 
11'15' 

331820 

2'936 
'7S08 

34446 

30822 
15411 

H2)) 

154,'70 
~59CO 

,'7a78 
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TOTAL 
OOLIJ.RS 

84C1H 
130.;..;.(' 

2142H 

1640 

;:5~:,1 S 
42U-O 

164~-:'5 

3)6506"" 

3;:;::; 
5354 '5~ 

TOTllL 

UCZ£4 

8';,Hl 
2~2;:'15 

l'S!6CH 
eCio6-:'i 

lSllU 
8935'1 

1164891 

i51H 

020 



DE.SClUPT!ON 

.24;:23c -·TOTAL" S~ PPtE-QltOUT 
942230000 SHAFT COLLAJ\ 

'24~230 "'TOT&.1.'" SIiJ.F'T' COLLAR 
942~40000 SHAFT SINJl:ING 

924223£ --TOTAL"· SRAFT SI'NF.ING 
9422~OOOO SHAF"T FuP.HISJiING 

924~23F ··TOTAL·. SKArT Ft..'RNISH.ING 
'422«i0000 SJU.FT CL£..\N UP , OUi 

AJ\I:'ONA sse PP.OJECT 
Kl.RICOPA SITE 

FACILITIES E.STIMATE. 
r&.AP.J..l' COST SUl+4AP.Y 

Ace p£J\ 

1J~89 TO 31D,£,CtU 
1.:rA.N90 TO 310E-CiO 

IJ').H89 TO ]lOECe 9 
IJAN.90 TO 31DEC90 

1J'A.N89 TO l10EC81 
IJA.H90 TO )10ECIO 

IJA.N90 TO 31Dl!:CiO 

$1JN'ACIl 
8U:LO 

o 
o 

LUlO,. 

920 

UUH 

o 
17"70988 

1770 ~8e 

53590 

535iO 

105252 

124223G • ·TOTAL·. SKAF1' ClLAN UP , DDf08 
942;:70000 SHAFT tQN'WA't/ORIE"r 

105252 

924;4:3H .·TOTAL" SKArT HI.N'1IA't lORI" 
942300000 SK.AFT MOBILIZATION 

9242331. •• TOTAL·. SHArf' MC:eI1.I:ATION 
;42310000 SH.U'""I' SET UP 

9242338 ."TOT.u.·· sH.J.Tl' SET t..'P 
9423.20000 sHAF'T PRE.-GP..OUT 

os 

IJANB9 TO l10Ecei 
1JAN!W TO 310Ee'O 

IJAN89 TO 310ECSI 

IJAN8' TO 310£C89 
IJAN90 TO 31oEC90 

o 

o 
o 

o 

MIzeN ... sse PP.o..J'ECT 
to..RICOI'A SIn: 

FACI:'ITIES £STIMAn 
YT..4JU..l' CCST S~l' 

o 
12£336 

126336 

34115 

34115 

14096 
52:080 

136176 

920 

020 

OESc,upnOH Ace pEJ\ 
SUP:FACE 
BUILO LUlOR 

94233000':) SJUFT COLLAR 
IJAN89 'fo 31DEC8t 
IJANiO TO llOECiO 

Sl24;33D • -TOTAL". SHAFT COLJ....U\ 0 
.. 2 34 000 0 SHlt.FT S INJUN(; 

124233£ .·TOTAL·- SH.A.F"r sIllltING 
1-42350000 SHAFT M1R.HISJiING 

t24233F ·"TOTU·· SHlt.F'r FtJ'fUiISJiING 
142360000 SHAI7 CLI:AN UP , OL.'" 

IJANe9 1'0 31DEe8 I 
IJAHtlO TO 310E-CtO 

lJA.N90 TO 3IDEC90 

lJAJUO TO 31DEC'O 

PZ42l)G "TOTAL'" SHAn cu:.A.N UP , ODtOB 
'42370000 SH.AFT Ma.H1fAY/OJ\In 

12 .. 2338 ·~AL·· SJU.l"1' tUoHWAY/ORIFT 
142400000 SH..t.FT H08ILZUTlotI 

924243A "·TOTU". S~ "':'ILI:.A.TION 
142410000 SHAFT SET UP 

.242438 .·TOTU." sHAF": sa '.JP 
142420000 SJU.F'T PU-Q\OUT 

'Z4:43C ."TOTU •• SH..AF't PJI£-GPlO<JT 
142430000 &H.I.FT COL+-AJI. 

IJA.N89 TO )lDEal 
1 JAN 90 TO 11D&Ci 0 

IJANe9 TO llDEcSt 

IJAN8i TO 31DEce 9 
IJA.N90 TO 310EC90 

1 J).N 8 I TO )IOECei 
IJAJl90 TO llDE.C90 

IJA.H8t TO )lOEce, 

o 
o 

o 

o 
o 

SLale uj Arizol/a. Maricopa Sill!. ScpU!mher ") 1987 

.0384 
'714U 

161880 

13'8,53 

"001 

105252 

105252 

1348'2 
10'0470 

241332 

3591 

3591 

!o~oeo 
4672 

5,,52 

920 
920 

1840 

7149' 

"'H5 
o 

4in5 

13390 

93390 

o 
o 

."260 
11093'?6 

15200 
.H«ill 

4S404 

45404 

1210CO 
l36438 

457438 

1437 81 

143,81 

o 
o 

EQUIP~T MA1·ElUA.1. -_ .. ---

93310 

13390 

o 

13.5H5 
119384 

254819 

1111"739 

413'5 

.50180 

.501eo 

153727 
225235 

:neUl 

1214'" 

o 
o 

OV1UlHE.U> 
, P~OFIT 

140'10 

1l~65 
4U911 

31502 

llS02 

l02~O 
75360 

105610 

'S4U 

2£136 
19955 

1812'0 
l'2S 7 $1 

3i213$1 

25221 

322" 

U519 

73776 

737'a 

o 
o 

18,05 

TOTAL 
OOLl.A.P.s 

9':'0 

e£31~«i 

5':'825 
334:':--,'5 

3400100 

lOB)' 

182156 

182.156 

151250 
538134 

366704 

13'1" 

920 

.20 

'I"OTAL 
OOI.UP.s 

252015 
210835 

46~850 

1513363 
133iU6 

28S2!13:' 

170587 

170~B-:' 

18770, 

18,70" 

3,2:54:' 
3,a.47Z 

'8 jd13 

2924:33 

292233 

52"80 
4,72 

020 
020 

1640 
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MIZON&. sse pfto.:ru;T 
IO • .lUCC»A SIn: 

FACILITIES £ST!KI.T'E 
TE.AJU.'l COST Sl1I+tA.RY 

... S 
M" .... "', DESCJUPTtOH 

• 242430 ··TOTAL ..... SHAF'T C01.LAJ\ 
.. 24.40000 $H.AF'T ,INlUOO 

.2424)& .. "TOTU·· SH.AF"T SIlIICtNQ 
'42450000 SHAFT FtJPJUSIf,ING 

1I2424lF ··TOTAL"" SHArI' Ftm.NISHING 
.. .2460000 SK.U'T C~ uP ~ OEH 

IJAH90 TO 310£(;90 

l.J'AHe9 TO llO£C8S1 
IJAJUO TO 31D£.CSlO 

IJAN8I TO 310£.C&SI 
IJA.N90 TO liOE-CiO 

IJA.H8t TO 3lDECS9 
IJAN90 TO ]leE-etC 

o 
o 

o 
o 

'';:42.3G ··TOTU·· SH.A:f'7 CL&A..N UP " ODiOS 
'.';:470000 SlaFt KlJllIlly/orUF'l' 

t24243H ··TOTI.L"'· SfiAM" HANlfAY/ORIF'I' 
'43210000 SH.U"'"'l' SET UP 

92 .. 323e ""TOTAL"" sK.I.F'T SET UP 
9 .. 3230000 SJUF1' COLLAR 

.2 .. 3230 .·TOTAL·" sHAFT COL.LA.R 
,.3240000 SHAFT SIHJtING 

t243Z3E "TOTU"· SH..\f"T Sna:ING 
94 32.50000 SHAFT FURNISHING 

IJAH8S1 TO )IDEeS SI 
IJAlUO TO 310ECSIO 

IJAHiO TO 310EctO 

IJAN8S1 TO 3leEceSi 
IJ,uUO TO llOECSIO 

IJ.uao TO llo£ctO 

1 JAN 90 TO 31DEC90 

ARIZONA SSC PRo.:7EC'T 
HJ..RICCS'A SIn 

rAc:aITIES ESTnu.tt 
n.uu.r COST st1HiA.Rr 

90384 

'1279 

105252 

92180 

156332 

15'332 

DESQUPTION 
St1P:FACE 
BUILD I.UlOR 

11243231" • "TOTU". SH..U"'T fVIUIXSKING 
1432'0000 SKJJ"T Cl..£..J.N uP , DEN 

.243230 4I-TOTAL" SKA.f"'T Cl.&.JI.)I t1P , DDtOB 

... 3270000 SHAFT IQN1IfAY/Dlurr 

124323H "--TOTAL" S~ K.a.HWAl'/ORtrr 
.... 200000 SIU.F't H08ILI%ATION 

'2442!1A • "TOTU"" SHAf""'r HC:J&Il.I:.ATION 
144210000 SHAFT S&-T uP 

'244258 ""TOT.ll."4I SfU.FT SET uP 
I .. 4230000 $.lU.I""I COl".L.t.A 

'244250 • 4ITOTU" StW"'r COl.ol...U'I. 
"42 ... 0000 SHAFT SINJCIMG 

IZ"2~ "--TOTAL"" SRAn' snmn.o 
' ... 4250000 .au.rr FU'I'UIISHING 

'24425F ... "TOTAL"" SHAFT F"t1IlNISJUNG .4 .. 2,0000 SH.I.FT CLLUf UP , D!'.H 

IJANIIO TO 31occtO 

IJANa, TO 310£C8' 

1JAN.0 TO )lOU'O 

l.;;rI,N'O TO 310ECSIO 

IJl.Nto TO ,lO£.C90 

IJA,H'O TO )10£CSlO 

IJAHiO TO 31oEC'0 

'2442$G ."TOTAL"· sHAFT C'U.AH ts , DDfOB 
144270000 StUFT tot..UlWA.r/O .... IF"I" 

IJ .... UO TO 31DEC;O 

124425H .*'%'OTU" • .sHAFT KAJlWAr/OJt.z:J'T 

SLale of Arizona, Maricopa Sileo September 2. 1987 

83202 

13.202 

17U 

t0384 

515.20 

51520 

2758& 

2'586 

13eoo 

138000 

H130.2 

141302 

o 
o 

4'U.s 

o 

135495 

SU87 • 

420B33 
o 

420833 

lU14 
2:'133 

20e1"1 
20tH "7 

.u_n4 

e80~10 

191>'::33 

"'045 

~1320 

2.:.320 

1'''250 

135495 

o 

24135 

24135 

o 

2193e7 

O~ 
, P~C'FIT 

124841 

134490 
o 

134490 

4:)529 

30"" 

133095 
tiS5!1 

37878 
26136 

U014 

40366 

40386 

3284 

15411 

5~'00 

55900 

3,a78 

37e7a 

2UH 

2'136 

112'74 

5.2! "4 

521 "74 

TOTU 
OOLUP..5 

2S201!-

931"118 

88654 
~eeoe 

787450 
5'1390 

134e840 

UilOi 
252:015 

JUlZl 

2'9337 

269337 

19525 

1952!> 

33'3~2 

33'35~ 

147107 

HilOi 

25 4 015 

252015 

51520 

Deoo 

1380C 

r'O/lIn7/' '? P""n I ~7 



A.RI:ONA ssc PP-OJECT 
~lCOl>A SI'tt. 

Fa.CILITIE.S £,STDQ.n 
'tE.AJU, ~ COST St1NU.R~ 

OtSCJUPTIOM Ace 'u. 
SUP.FACE 
.Vt1.0 .... 0 .. 

'71000000 CUT , Cova. T\1KNu. & 
1JAJf89 TO l10ECIU 

t1Z431X ·-TOTAL·· CUT' COVD. '%'lJ'lOlEl. &XCAnTIoN 
"1100000 ctM' , COVJ:.P. Tt1NNEL .. 

lJAN89 TO 31D£C89 
l,JUUO TO 310£C,O 

tt24l1l' "rrOTU·· CUT ~ CO\'EP. nmNSL BACJ<:FILL 
9'1.;00000 CVT " COVUI. TUNNEl. , 

IJa,NU TO llDECS 9 

tt2.)1: .... TO't'U·· CUT , COVER l'tJ'NN'EL FIPE. 
9113COOOO e.)1' " COVEJ\ J\E,VEGETA 

IJa.HiO TO 31D£C90 

9124 31_ • ·TOTU"" CUT ~ CO'Vt:JI. P.EVE.GETa. TIO}! 
"2000000 Cl1'T " CO~ TUNllEJ,. £. 

lJJ.N89 TO 3lDEes 9 

Jl~.:!2X ·-TOTAL"· CUT , CO'VE.R T'UNNEL UCAV1o.TI:lN 
.'2100000 CtJ'f ~ CO\I'E.R 'Ct.1WllU. e 

1JA)l69 TO 'llCE-C89 
IJANiO '1'0 )lOE.C90 

9124321' ··TOTAL" CU'T , CO'\J't:R Tt1l'lN£L BACJCFILL 
"2~OOOOO CUT ~ COl/EP. TUNWEL P 

lJ~69 TO )10E-C89 

112432:' ·..yOTU ... CU'T , COV'UI. TtJNNE:t. PIPE. 
9'2300000 CUT " COVi:J\ P.EVEGETA. 

1JA.H90 TO llDE-CiO 

.1243Z'111 •• 1"O'I'AL-- CUT " covu. Il:EVEGETATION 
"3000000 CUT " COVE:R T't1NNEL £. 

IJAN89 TO )lDECS9 

o 

o 

o 
o 

o 

o 

o 

o 

o 

o 
o 

o 

o 

AP.tZONA sse PI'OJECT 
KlAICCf'A SI':'E 

rAct!.ITIES ESTIHl.TE 
t'UJU,1' COST S~~ 

•• )8 

.'38 

3C2 
118'S 

lez)'7 

11'7"6 

17430 

1'430 

lel1 
13.'74 

75~84 

588931 

5e8i31 

23386 

233e6 

OS 
HUMBER DESCI\IPTION AO:: PEP. LbO .. _.--- --.---~----~. 

973100000 c:::JT " COVD. TtllfllE.L IS 
1JA}l89 TO 31DEC89 
lJAJHlO TO 310ECiO 

91243)t "-TOTAL-. CUT , CO'lfEJt.. 'l'tTNN&L BACJCFILL 
t73200000 c:.rr .. COVl'.l\ T1JlfNE.L I' 

1.a.N89 TO 31DEC89 

o 
o 

1931 
t434~ 

.'280 

912433: .·TOTU·. CUT " CO~ 'l'UNNEL PIPE. 628193 
'73300000 CUT " covu. P,£VEGiETA 

1JAN 90 TO 310ZCIO 

912433'111 • -1'OTU" - COT 4. COVEIt U\~TATION 
174000000 CUT , COV'£J\ TUNNEl. E. 

1J'a.N8' TO )lDEe8. 

U2.U4X .-TOTAL-. CUT , CO'VD. 't"U'mGL UanTION 
.'4100000 CUT " COVER T1J'NNE.I. e 

1J')...~89 TO 31CEC89 
1JAN to TO :nO&e;lo 

.12434Y .·1"OTU·. ctrr , COYI:..P. 'l"tI"N'N£l, aAC3CFl:LL 

.'4200000 OJT " COV'DI. TUNNEL P 
lJAN89 TO 3lDEC8, 

.124342. ··TOTAL-. ctn' , cOV'£JIi'. TUNNEL PIP~ 
"4300000 CUT " CO\l'U\ gVEGE'!'A. 

lJAN90 TO ::UOE.C'O 

o 

o 
o 

o 

o 

15632 

15632 ... 
59:&:81. 

2'4835 

o 

EQUIPMENT t1ATEJt,tAL 

502U' 

"oez 

"5082 

ZZO~82 

.828 
2109'10 

37!><l08 

375.08 

296219 

296219 

2'214 

2'214 

o 
o 

1310'" 

1310'6 

EQUIPHE:ST MA~a.L -------
2'1051 

400435 

400435 

lia001 

lteo01 

225) 
11)40. 

175190 

1'5:"90 

o 

131815. 

13 )815 

o 

o 

o 
o 
o 

611'10 

OVEN<U.D 
" PP.OFI't 

84tl 

186 
91.3 

5.,,70 

5'610 

655) 

'553 

33350 

33350 

'2, 
3981. 

288350 

32169 

)216~ 

441'45 

9n 
51415 

5Z406 

30'75" 

)4954 

2 •• 0i 

2'i09 

." 
325" 

3)00. 

134563 

tl2434. .·T¢TA.l. ... CUT " CCYt;JI:. UV'EGE:nTION '1110 1529) 
"1000000 CUT " COVEoR Tl1NNEL E 

lJAJ189 TO 31D£C89 

11244 U .. -1'O"TAL-· CUT " CO'IfI,P. TU'NKE.L Uc.t.VA.T%ON 
.'''7100000 ctn " COVEJIl nmm:.L It. 

lJ.l..N8, TO 310E.CBi 
1J,."iO 1'0 )lCEC90 

Slale of Arizona, Maricopa Sile, September 2, 1987 

o 

o 

18101 

11101 

1448 
'12'33 

'40e1 

2212'5 

)U4, 
210290 

Z14:.5) 

34'33 

"')3 
". 

3"09 

"'03~l 
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TOTAl. 
DOLL.U'..3 

'9144 

151. 
11j)40 

aveS3 

250538 

321'" 

271562 

331165 

1252669 

12~2689 

163845 

163845 

364349 

364349 

TOTAl. 
DOl.:t.AP..S 

80'2 
418665 

1336201 

1336201 

24354e 

.2:.3~4e 

5S458e 

~b463 

2e20~a 

28::008 

328581 



,",s 

.. """'" D£SCI\IPTIO'N 

.71200000 o.rr , COVE.1\ 'rUMtfEL P 

),p.nOHA sse PP-OJECT 
IOJt.ICOPA SIn:: 

FACILITIES ESTINAn 
Y'E.UU.'l COST St1I+tA.P.Y 

IJ"AN90 TO 310£C90 

SfJRFAcr. 
BUILD 

1l2.")%. .. *TOTU, ... CUT , COV'E.R tvNNEt. I'll'£' 4'1145 
.77300000 CUT , COVEI' UVEGETa. 

IJ'&lUO TO 31DE;C9()' 

112443111 "TOT.LL'· C'UT , C~ P.£VE.GETl.TIOW 
'''7&000000 CtlT " COv;£R 'J"UNNEl,. £ 

IJ'Mfe9 TO )lO£C8, 

91X444X ."''TOT).!.·'' CUT" COV'£R 'nnrnE.1. EXcAVl.TION 
'78100000 CU'f " covu. T't1NNE.L B 

lJ'A.NB9 TO )lO£Ce y 
13.100 TO )lOEC90 

1l2444l .... TOTU .. • CUT' COVER 't'UNWE.L 8ACP;FILL 
918200000 CUT , CO .... "ER 'I"t1NNEL P 

lJ.LN90 TO llOE-ctO 

16126 

1931 
72151 

14082 

1l2U.u. ."TOTU'" CUT " COV'D\ 'T"Ulf'tfEL Pn'E '2U93 
~18300000 CUT 4 COVE.R REVEGE'tA 

lJA.N90 TO llOEegO 

'1.444" ""TO'tU.· cU't' , CO\o~ REVEGE'IA.'IION 
981000000 ClJ't , COVER TU1iNt.I. E 

IJAH89 TO )10ECBt 

912411.X "TOTU·. CUT , cOVUt roHN£L E.XCAnTIOH 
881100000 CtJ'I' , COVEJ\ Tt7NNEl. B 

IJA.Nei TO '310ECBri 
1"AN90 TO 310EC90 

912411'1 ·"TOTAL". CU't 4 COVER 'l'1.1lnn:.1. SAC"P:FILL 
981200000 CUT , COVER T'UlfNU P 

IJA.NB9 TO 310ECe9 
IJAJ'I90 TO 310&C90 

1635920 
321184 

lUll.04 

ARIZONA. SSC PP.o.JY.CT 
HAP.ICOP'" SI1'£ 

FA.CILIT1U ES1'nu.n 
YUJU.,y COST S~'t 

ftS 
IM<BEl'. DJ:,SQUpnON 

981300000 CUT , COvr..:R JltEv"'l;.C%TA 

AO: PU 

IJ~90 TO ,10EctO 

912411" "-TOTAL"" CUT , COVEll JltEV£GETATI0H 
992131000 to.IH Q.HPUS \1TILnXE. 

IJAHU TO 31otce9 
l,rA.lltO TO 310EctO 

21310.00 """!'OTU"· MAIN CAl'WUS 1J1'ILITIE.S 
ft.2142000 E'.L£CT7UCAL OlS'2'7tIBU'l' 

l,rANet TO 31D£cet 
1,rA,N90 TO llD£ctO 

21420.00 ··TOTAL·· 'EL£CT1'.ICAl. DIS""1.8t1TION 
.92151.100 1Q,1"E.R/"UTE ... TEl't 01 

lJANet 'l"O lltlE-C8t 
IjAH~O TO 31DF.CtO 

21!111.00 ·"TOTJU,·· .... T£P'.I.A.STZ IQTJ'.J\ DISTP.lBUTIQM 
992171000 A.UX s'tSn:HS GENU..u. 

21'10.00 """'to"rAL.· AUX SYS'fDJtS CENE.IU.l. 
t921allOO SItt .oN( - CAlOUS III 

lJaN90 TO 31DECtO 

lJAH90 TO llDEC90 

21811.00 • ·TOTAL" SIft WONt - QHPUs JilOA.OS 
992210000 a.e -eU1LDING 

22100.00 • "TOTU· .. LAl!t 8U1:l.DING 
192221000 HVY WOft.KS BUILD I -

IJ.».NU TO 31C:Eca~ 
1JAJ.I ~o TO 31cECtO 

lJAtte9 TO lIOE-Cf)9 

22';:10.00 • "TO'l"U." .. HVY WOMS Bono I - GiENrP.AL 
9'.222000 HVY .CF~S BOlt.D II -

IJAHe9 TO llDE.Cat 

St/RrA.CE 
8U:1.O 

1~7341 

314'95 

.12042 

1"35000 
1'63.5000 

1393'7.50 
4181250 

5.5"5000 

1024.5000 

10245000 

12882000 

128&2000 

12632'90 
4161140 

1879t830 

13t9923 

1399$023 

1199923 

SlaW oj Arizolln. Mnricopa Sileo September 2. 1987 

"",,,OR 

o 
o 

EQ'UIPHEN:' KA'TIJ'!.l,AL 

300)2' 

211US 

5150 
Z06308 

211458 

400435 

400435 

'''2636 

742836 

16092 
'701146. 

i24561 

1044:600 
208560 

1251360 

o 
o 

o 

10<4e18 

139815 

139615 

o 
o 

o 
o 

4)6920 

43i9.,20 

o 

o 

o 
o 

o 

Ovr.N<E.>.D 
, ,"P,OT!" 

230'80 

230'&0 

26205 

26205 

3.<:003 

32003 

3015"13 

301513 

34954 

11220":' 

11220-' 

3098 
13312: 

136825 

&00971 
16019-4 

961165 

109230 

109230 

o 

° 
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1002151 

100;;:151 

1310.::3 

1336201 

913666 

l06a~21 

1114145 

54615C 

1iti35CGO 
liti 15000 

1);oY750 
4:"812~O 

5 5"'~000 

10245000 

102450;;)0 

12'1249-0 
6H71-40 

13S;9,,3 

13U92'3 

1399923 



AJ\I :'OM" sse Pfl.~C'T 
tOJUCOPA SITE. 

FACILITIES E.5TlJo'.ATE. 
r£AlU.y COST St.n+lA.P.Y 

..... ,,,""'.,.. O~SCJl!.lpnOM Ace ,EIt 

2..2220.00 • -TOTAL" HVT wop.J(s aUIt.D II - GE~ 
U2Z,2.l000 HVY Jtal!J(S BUILD lIt 

13A.H1U TO 'IDE-Cet 

22230.00 .... roru" ... KVY tfOJUI:$ aUlLO :UI - GEUEJU.J. 
ti2224000 HVl' WOP.J(S BUIlD rv .. 

IJ.t.HU TO )lDE.Ce9 

22240.00 ... TQ'TU ... HVY WOJU(S BUILD IV .. G£NE..IU.l. 
99222$000 KV't WCl\KS 8UILD V .. 

IJANe9 'tel 310EC89 

222'50.00 .·TCTU •• KVY trOMS aUIl..D v .. GENEP..A.L 
9;222'000 t(II'Y WOfU(S BUILD VI .. 

l.JUI&9 TO 110&c:89 

22~'O.OO "TOTAL" HV'Y ROMS BUILD VI .. caNElVtl. 
992;'31000 SHOP BUILD I .. GDlU. 

IJ.a.N89 TO )lDECe9 

22310.00 "TOTAL'" SHOF BUILD I .. GENDI.Al. 
UZ23Z000 SHOP .UILe II .. GiE.NE 

IJUl89 TO 310!:c89 

22320.00 "TOTAL'" SHOP euno II .. GEll£R.I..L 
U2233000 SHOP BUILD III .. Gt:.N 

IJAHS9 TO )IDEeS9 

22330. DO .. ·TOTll .... SKe» BUILD III .. GiENElU..L 
9U2.uOOO IO.A.£.HOUSE. I - GiENEJU. 

lJ.l.Jfe9 TO 310E.C89 

2241C.OO ·"TOTAL·. "A.RE.HOUSt: I .. 1ZnERA.L 
992242000 tOJ\E.HOUS£ II ... GDlE:R 

1.n.N89 TO !lDE.eB9 

22420.00 ··TOTAL"'. JlAREHOUSZ II - Ci£NEP,.A.l. 

llit923 

899916 

4999£8 

400050 

400050 

4000S0 

139;923 

1399923 

139C)923 

139i\i23 

.t.P.IZ.CHA sse PROJECT 
HARICOPA s:n: 

FACILI':'IES ESTZMA7'E 
Y'E.UU. 'f COS'T S In+IAJt Y 

SURFACE: 

o 

OESCP.IPTlON Ace:: 1'0". BUILD "",0" 

992243000 rXJII.£/SItt/USCUE. .. G 
lJAN89 TO 3lDZce II 

22430.00 .. 'tOTAL •• FIP.£./Sl1'E./P.E.SCtr£. - GEHEA.A.L 
99;:244000 VUIICL.E SEJW1CE .. GE. 

1.1W89 TO 31D,E.CIU 

22440,00 • ...,.OTA.L .. VVUctL SElI.VIa. .. GENDU.I. 
iii 224 'OOC HE"XPAD .. GEN£FI,..U. 

22'''0.00 ··TOTAL·· KE1.tPA[) .. CZNl::RAl. 
.,231101' l.INAC 'rU'NNEL/ENCLOSU 

lJA.Ne9 TO 31.D:£.C89 

l.JAJUO TO 31.0EC90 

23110.1; ··TO'TU·· LIUA.C TtJN'NZ1./ENCl.OSU'f\£ .. UCAV' 
.,2311018 l.INAC TUNN'£L/EHCl.OSU 

lJAN90 TO 3ltn..C:IIO 

23110.18 ."TOTAL.· LlNAC TJNNE.LIt.NCLOSU1\£ .. I'IPIl' 
'923110lt LINAC 'Z'l1NNEL/r.NC1,.OSU 

1.1),):90 'T':I 310ECJO 
lJUn TO )l.DECll 

23110.1~ .·TOTU.·. LlNAC TUH'NE.l./£NCLOSUN - .. acr 
'92311020 LINAC '%"UHNE1./ENC1.OS!J 

IJAHJl TO 'lD£Ctl 

23110.20 ··TOTAL·. t.ltU.C '!"tJIiN£L/ENCLOSt.1PJt - g:V£,G 
"231~O!6 L.I"NAC - EUCTRICA.l. 

23150.1.6 .~J.l. •• LlNAC - £t..£.CT7I'.lc.u. 
9'231'01~ .t.lHAC tCCKANIc.a..t. .. t4 

l,JANU TO 110EC89 

1.l'Ul8t TO 31D&C;89 

23160.15 - ·"rOTAL-. t.IfU.C MECH.L.'IICAl. .. HEc::H»flCAl. 
'12321018 L£B T'UN'WEL/DlCLOSU'JU; 

lJJ.N.O TO ll.OEC90 

.. 000 De 

.. 00008 

2""4 

299"4 

34020 

34~20 

o 
o 

123183 

123163 
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3'1'4 

4256 

35100 

3~100 

~01~5 

3134 

230416 

119'3 

45210 

:n12 821e 

3112 8218 

83!8 

OVEJO.K£AO 
, pROFIT 

OVE:.P~ 

~ PPOFl'! 

11965 

1'955 

12.c. 
10;<:11 

22'71 

2044 

::'044 

841'" 

1Hi 
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T'C'TAL 

1)99923 

899976 

.cooso 

400050 

13i'lH23 

1399923 

40CiC'C8 

40000a 

34020 

142~e 

14Z56 

78135 

10108 
8JS2 

10;:20 

10.120 

l061i8 

13102 



..... 1:0"' .. SSC ,"'OJECT 
KlLftICaP. SITE 

r .. CILITIES ESTDUTE 
n:.l.fU.y COST 5l.Jlo11.ARl 

DESaUPTlOH Ace ,EJI,. 

IJ'~ 91 1"0 31DEca 1 

23210,18 "'.TOTAL"'. L.£.B TUNH£L/EMCLOStmE - .... CI( Fl 
99;3.z101~ %..£.II TtmJ.lE.L/DfCLO$UJt..E, 

IJAH90 TO 3ID£.CIO 

23';10,19 ·.'TOT,u,·. 1.E& TUWNEL/E.MCLOStmE - I'II'ING 
99.;:321020 lLB TUNNE.L/EtlCLOSU1\E. 

IJAH91 TO 'IDE.e.,l 

23210.20 "TOT.u.u 1.EB TtJNNEt./E.NCLOSl1R£ - JU:VE.GE'l' 
99,,323030 SKA.FT HODILIZA.TIotf 

23230.30 - -TOTAL'" '" SH.AF'T MOSILI:.ATIOH 
99~323031 SlU..F'I SET UP 

23;30,31 ··TQTU· .. SKATT SET UP 
9i23230)3 SHAFT COL..I..AR 

23;30.33 "·TOTAL" '" sHAF'l' COLLl.R 
99~323u34 SHAFT SINKING 

1J'.lJ491 TO )1DEC'1 

IJUU TO 110&C91 

1J'U91 TO 310£(:91 

SVJItFA.~ 
BUILD . 

o 

50)80 

5)515 

'082"6 

8n8 

8976 

411060 

417060 

IJalUl TO 11D£CU 1714'SO 

23230.34 ··':"OTAl,.· .. sH.AF"I' SIN'KING 
99,Z32303! sHAFT FURNISHING 

23230.35 "·TOTA.L·" sKJ.F"T FUJlJUslUNG 
9923230)6 SHAFT CL£A.H UP , OEM 

1JA.N91 TO ')IDEC91 
IJA.N92 TO 31DEC92 

1JA.N91 TO 310ECU 
lJ'A.N92 't'O 31DEC'2 

23230.3' .·TOTU·· SHAFT CI.E.4H uP , DoteB 
U232J03i' SKAFT HA.N1f .. 't/ORIF'I' 

lJA.N91 'to 31D£C91 

o 
o 

MIZONA SSC PP.OJECT 
HARICQf'A SITE 

F .. CILITI&S EST!:HA TE 
'tEAJU. Y COST SUl+fA.R 1 

DE.SClU.PTION 

23230.3'7 .·T'OTU .. • SHAF""T HAHWA.T/OJUrr 
99232410~ tEB PS 8U':W - CQG>O 

13U92 TO 31P&e92 

l.1A.NH TO 310EC'1 
lJ"-H92 'rO 31P£C92 

23241.01 .~.l.L •• L£8 1'$ BUILD - COMPOSITE 
.,232501' 1.£8 £,l.Zcnuc.u. .. EU 

lJAH89 ro 11D£C89 

23250.1' .·TOTAl.. ... ~ ELtCT"I\ICAL .. &..L£C'nuCAJ,.. 
192:3 2 60~ 5 LEB tC£CJWUcu. - t«C 

13""'89 TO 11'D£C89 

232' 0 • 1 5 • "T'OTA.l.." t.£B HECHA.NlCAL - HECllANICAl. 
"23310:" '7 t«B '1'tJNNE;L/ENCLOSURE 

lJ'J.NU TO )lDEe8, 
1.n.tUO 1"0 31DEC'O 

23310.1'7 ·"TOTJJ."''' t1EB I't1N'HEL/.&NC1.OSUJ'lS .. UCA.V 
U23310l8 tEll T\.I'NNE.L/DICLOS1JJ\£ 

1J»UO 1'0 31D£C90 
lJ».NU TO 31DEe'1 

srna-.C'E 
ISUr:LO 

481140 
139'725 

24~3'3 

241373 

50333 

50)33 

163300 
40825 

;:04125 

210504 
5262' 

2'3130 

141941 

283920 

"'10 

""10 

8821 

e821 

31081 
30009 

'1090 

23310.18 .·TOTAL". IG:.B 'J"'t1KN1l./E.HCLOstm£ .... ILL 
99~331Cli HE.B TUtm£l./EHCIASVJ\£ 

217148 

IJ&.H90 TO llDECto 

23310.19 ... TOTAl. ... NEB TUNNE.1./ENC1.OStJRK - Pl.PE 
e~2331020 HEB T1JNN&l.,/DoicLOSl,o"P.E 

lJA.H91 'to 31DEC91 

463412 

151141 

)87i3 

o 

5779 

••• ... 
393'88 
360113 

"')801 

2153,1 

o 

13541 

13541 

3034190 

3036510 

436155 

141320 
3105 

1e.525 

901e8 
2254 ; 

112135 

6495.2 

o 

8958, 

o 
o 

o 

o 

103138 

28213 

2'82,Z 

2"82 

3385 

3385 

189390 

189390 

10125 

8;32 
218) 

10115 

90813 

Ovt:.J\lU:.U) 

, PP.OFIT 

.1300 

2247 

2241 

509466 
5141'7 

11'8&5 

SOl'l' 
10353 

1204" 

22'8,) 

22'693 

25785 

242836 

129381 

10920 

1092(; 

735533 

73~533 

260.00 

260.00 

955590 

9S559C 

1993344 

lU3344 

23)565 

362336 
90~84 

1010079 

1017158 

481140 
13''''25 

41i511 

419511 

464236 
4';539 

951"'5 

981126 

985'02 

233}0.20 "'-TOTU." ~ T:1Nl«l./&HCL.OSt1Jit£ - N:VE.G 0 10:)13; 25'185 
99233Z017 HES TO REB 'l'UMtl£L -

l",....,e, 1'0 31 DEC8 9 18508 6'344.)3 o 288353 

23 3 2 a . 1; .. "'TOT AL* * WEB t'O HEll 1"UNlttl. - DCA v .. T 1 ON o 1850& 234433 3~412 288353 
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UI:CHA. sse P~o.J'I:CT 
MUl.ICOPA SI'TE 

f'"cn.ITIES EST:tKAn:. 
YE.lJU.1' COST SI.JHQR Y .... 

HUHIID< DESCftIPTION 

112332011 NEJt. TO KE8 T'UN'NE1. -
13 .. ,.,89 TO 3IDEes i 
1,J'AN90 TO 31D£Ci'O 

23320.1(1 •• TOTU"· H&B TO HE.8 Tutffl"E.L ... 8AC"K FILL 
tl23 320 19 M!.B TO K£8 n.rm~£L -

1.1~89 TO 31PEC89 

SuPrACE 
BUILD 

,,. 

'8100 

240183 

233.20.19 "TOTU.· HE.8 TO H:E.& TI.hlNE..l, - pIPING .2.0183 
U2332020 t£B TO It£.8 't"lINlI'E.L ... 

1 JAN 90 TO 310E.C90 

233~O .20 .... TOTAL .. H£8 TO IiE.& TUHNEL - P..EVF.G 
192333030 Sli.U"T HOSt:'IZA:'lOH 

23330.)0 .·TOTAL"" sHlJ"'t HOBILl:.ATION 
U2333031 SHAFT SET UP 

23330.31 ·.TOTAL"" SHAFT SET UP 
'92333033 SJUFT COL.L.AR 

23330.33 ".TOTU·· stu.rr COL~ 
.92333034 SHAFT Sl~ING 

23330.34 ·"TOTU"· slUT'l' SDn::I}lG 
ti233303~ sHArt Fl.1Rl1ISHI}lG 

Z3330.3~ "'1'CI1ll"· SKAF"T F'CP.HlSiU}lG 
992333036 SHAFT C1..EAH Ui' , OUf 

1.1~91 TO liOECi1 

1.1.,.,91 TO llOE-en 

lJANil TO 310Ecn 

lJl.Nil TO )10Een 
1JA.N92 TO 31DE.C92 

lJANil TO llCEcn 
1.l'AIli2 TO ll.O.£.C92 

l"J.NU TO 310£C91 
1 JAN 92 TO 310£":92 

o 

10ii3 

101i3 

500412 

~004"'2 

U3300 
e1650 

244 950 

210~04 

105252 

ARIZ-ONA SSC PP"OJE;C'T 
tQ.P.ICOPJ. SIn: 

FJ.CI1.I'TIES ES'rn-".J.TE. 
rr..\.P~y COST St.J't401AP.'f 

DESCP.:::PTION 

23330.3' "·TOTAL." SJU.F1' Ct..E.A,}I UP , ODtO'B 
U233303' SIaFl' HA.H1IfAYlOf'lIF'I' 

23330.3' .·TOTAL·. SJUr'l' KAHWAY /01U" 
192334100 HE.B SUJ\f"ACE .'Son.DING 

lJA.Nil TO 3leECH 
1.1AN9Z TO 110EC92 

1..1).N91 TO 3l:>ECU 
1J'a.H92 TO 3!:>£c~2 

23341.00 • "TOTAL· " H£B StJlI..FACE .oIl.DINGS 
"233,"01' tC.B £.I..£.C"I"l'Icc. - E.L£ 

lJA..W89 TO )lDECe 9 

23350.1' "TOTAL·· MEl! ELE.C:1UCAl" .. E.I.£c:nuCA,l. 
9il233 '003 tea foCECH.&.N:c.u. - H£C 

233'0.03 "TOTA.L·. HEa H::£.eHA.NICAI. .. HECHANIC.Al. 
tt23:H015 M£B HECH.Un:c.u. - HE.C 

lJ,LNU TO 310Ece9 

233'0.15 .·TOTAL .. • MEa HEc:.HA.NIC.u. .. HECIiAlfICJ,.l. 
912341017 tG:8 TutlJlEl./I:No.osU)\£ 

lJ.ulU TO 310EC8 i 

23410.11 ·"TOTU·· HEl!I 't'UN'HEL/EtK:'l.OSL~ - EXC'AV).T 
192341018 HEB TVNNt:.L/DiC'l.OSUP.£ 

1JA.)f90 TO 3l.0ECiO 

23410.1e ."TOTU·· HE.B 'l"'lrn'NEL/~ltCl.OSt1P.E. .. gCA.VA":' 
992341019 REB Ti.lNNEL/DfCl.OStJPL 

1JJ.H90 T't) 31eEC~0 

l3(10.1i .·TOTU"· KE.8 TUh"'N£Ll\:NCI.OSt.7n ...... ClC f'l. 
til34.10~0 HE.B 't"t.Jtna:L/EHc:I..O;iUP..£ 

1JAll Jl TO 110.Ci 1 

SUILD 

434)88 
;z.46168 

Ul15' 

,'14764." 

SlaW oj rlrizvlla, Maricopa Sile. Seplemoer 2. 1987 

LUOP. 

2'.124 
'lOno 

'40704 

]~H 600 

33"00 

1150850'" 

11~8500!t 

tii6'10 

2"1 .. 90. 

2,4:109 

14'2512 

1910 

:'01104 

1531C,2 

153102 

2801"0 

2601 Ii) 

;z.S389 

200 

200 

145323 

145323 

e82483 

ee2U) 

~3458 

30Z223 
1 ;030 

U820 
'410 

22~30 

500166 
4S0U 

835126 

310(5) 

310453 

000 

000 

903419 

o 

325510 

OVEAAUD 
" PI'OFIT 

'19 

37856 

1115ii 

133ii5 

13305 

221268 

11Sl730 

IHi30 

12f1iQ 

Sil2 
4306 

13098 

61644 
30e,,2 

ioe13 
25i"'" 

11''''0 

'09 

.09 

441U9 

133301 

13)301 

1504)2 

150432 

1160'8 

81316 

DOt-LAP...::; 

30&9 
3051 ?l 

300.L00 

5106S': 

510882 

68.2639 

ae.L039 

1146"oe 

11461)8 

':2·0.0": 
14':21:' 

,l80278 

3ii23)b 
181166 

10;.00-'9 
.2e~5:0 

129~590 

").4 ~86 
24~16e 

'ellS' 

1551629 

1551829 

5'''0 

6396340 

6)96340 

106~455 

1085455 

1224946 

311084 .. 

3110644 

40'88e 
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&J\t:'OH.t. SSC PROJr;cr 
to.RICOP .. SITE 

FACILITIES ESTIMATE 
TE.l.JU,Y COST Stn+f.A.P.Y 

..... 
""""'" DtSC1UPTI~tI 

2,.10.20 .a'T'O't'UflfI HEB n.rtfNE.l./EHCLOSU'P;E. ... I'EVE.G 
tt2342111 H£a TO cot. Tt1NNEJ. ... 

1JA.N89 TO llD£C8t 

21421.17 a·TOTAl.u H!.Jt TO COl. TUNNEL ... UC.t.VATION 
992341118 H£e 'rO COl. 'rUNWEL ... 

IJJ.N8t TO 11DECe, 
IJA.N90 TO 11oE-CiO 

234;1.).8 .·TOTALa" HE.B TO COL "t'UNNE.L ... aACJCFIl.L 
992342119 KU. 1'0 COL Tt1NNEL ... 

IJAtl8~ TO llOECIU 

l~513 

l551) 

191" 
140818 

'4291 1 

;3421.19 "TOT"-Lu HEB'Tt) COl. TU'NNEt. .. FIPrNG "'2911 
'9234':120 HEB 't'O COL "l"U"N'NXL ... 

1.1~ 90 TO llOUt a 

234;1.Z0 ·*TOTAL'" HE.S TO ooL Tt..'HNEL .. P£VE.G 
9~234;:121 K!.2 TO cox. 'nItlNEL ... 

1"AN90 TO llOEctO 296631, 

2)421.2:' a·TOTAL .... HE.B TO COl. Tt.JH'NEL .. 5LJPJ' BUILD 
"2343031 SKI.FT SET UP 

23430.31 "·1"OTA.L"· SJU.F"T SET UP 
t5:23·003) SH.l.F'7' COL.LA.R. 

23430.33 "flTOTAL"· S!I.U"T COLI.AJ\ 
.512343034 S.H.A.n SI}Q(ING 

2H30.) ... flTOTAL.· SKAF'T StmCItiG 
992343035 s.K.t.F'T rt1'ft.NISKING 

"",s 

l.1A.N~O TO 310ECtO 

IJA.N90 TO 310E-CtO 
1"A.tl91 TO llDECH 

IJJ.N90 TO llDEC90 
1JA.H 91 TO 31DEcn 

1,J1.N90 TO 11oE.C90 

AJU='OHA sse P"-OoJ'l:.CT 
K\.P.ICC5'A. SITE. 

FACILITIES ESTn-tAtt 
'tEARl. Y COST SUMoU..R l' 

355965 

3.55965 

U8"e4 

4'5405 
2810.55 

152460 

65320 

DESCP.IPTIOti Ace: PER 
5\1P.FACE 
BUILD LABOP. 

23430.]! ·.'TOTU.· SKAT'T FUP.NISHING 
U2343036 S~ C:t.£.I..N UP , OEM 

lJ'AN91 'TO 31:>t.C9l 

IJ.t..NtO 'TO 310EC90 
13ANt! TO 310EC91 

23.30.3' _·1"O't'AL"· SKAF'T C1.Z:.AN tIP , D1:H08 
,i,234303i sH.AE'7 .......,.A.Y/OP.IF'T 

23430.37 fI-TOTU-- SHAFT Hl.NWJ.'f IDP.IFT 
951234410. HE.B E.Xl't BUILD - COW 

lJAH90 TO 3l0Ee90 
IJ'ANH TO 31QECil 

lJA.H90 TO 'lOECiO 
IJ'ANil TO 310Ecel 

23441.01 •• 1'O'tU.· HE8 EXIT BUIW - CC»CPOSITE 
992]4 'Ole HE.J5 EL£CTP..lc:.t..L .. tLE 

1.n.Ne9 TO llD£Ce9 

234'0.1' -*'TOTAL". HE.B El..£C"t1'ICAl. .. &1%C"':'P.lCAJ. 
,e23470~! HE.8 HECHJ.HlCAL - HE.t; 

lJANe9 TO llD~e9 

23470.15 ·"TOTAL"· HE.a MJtOUtNlca.:. .. ttECllA.NlCU 
t92411300 W AltC SEC a. SK.U7 .. 

IJAN90 TO 31D£C90 

24113.00 .1I"f'OT.u. ... II Me su: .. SH.&.F'T .. SU'JII.r eVIl» 
.a24113!4 )I MC SEC .. sHAFT -

lJJ.H89 TO 11Dr.cet 

241J.3.14 "·TOTAL.· t( MC SEC .. SlU.FT .. CONVEYING 
U24115l5 N A,J\C sz.c A MEc::H»fIC 

lJAHIU TO llD£,Ce 9 

2411.5.15 ·.~Ufl. N Me SEC .. tcawnc.u. .. tc&ClU. 

'0963' 
"2213 

201'li5 

'10081 

'10081 

4"20 

Stale of Ari=ol1a. Maricopa Site. September 2. 1987 

t0846 

210504 
1052!2 

315"56 

e511,0 
42see~ 

12.,'",0 

1"500 

.8'500 

110~14 

1"460 

14-460 

2430~ 

24')05 

325510 

4~C59'3 

450593 

407620 

40H2.0 

1430il 

143091 

303UO 

14820 

EOCIP~T M,l.TE.P.lAL 

115{1 

1154' 

'~COO 

,~oco 

cee'6 

19815 

tOlee 
4509i 

13~2dS 

'7'):2:8"0 

'1328-40 

14184 

14184 

14000 

16000 

,us 

18453 

8112 

t24U 

1'84':-
1536':: 
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6 )85 3.: 

136751 j 

10825;C 

l.1H33~ 
11991 "I 

13y)ege 

8e8i,2 

55012 

143904 

36233' 
lal111 

lUI6')5·) 
8400~O 

)"02401 

1036300 

1~)'300 

4U20 

464;.10 

lOOoea 

lCOOCO 

18004" 

180044 



Al'I ZONA sse Pl'\o.n.cr 
Hl..RICOl'A SITE 

ra.CILITI£S ESTIMAn 
r&.a.ru.y COST S~Y 

..... 
"UMB"" DES~IPTION Ace PU 

192412314 Ii Al'C $'E..C 8 SHAFT .. 
IJaNU TO )leEce. 

24123.14 "TOTAL'" N U\C S~ • SHAFT .. CO}lVE'JING 
U241241' H ARC SK.C e ELEC"l7UC 

l.1&.NU TO 310EC89 

24124.16 "·TOTAL·" .. AJ\e SEC a ElZC'I"JUc.a.L .. E1.ECT 
992(12515 N ).AC SEC B HE.ClWHC 

IJAtle9 TO 310£C89 

24125.15 ··TOTAL" H'ARC SEC. Mtc:HANIC,u. .. HECHA. 
19241.3300 H .LP.C SEC C SIUF'.r .. 

IJa.N89 TO llD£.C69 
IJAJUO TO llOE.CtO 

24133.00 ··TOTll ...... H Me SEC C &:HAFT - SfJlI.F BUILD 
U~413314 )I ARC SE.C C SKAFT .. 

lJLH89 TO 11DEC8i 

24133.14 ..... OTAJ...· N Utc SEC C .sH4.Fl' .. CON\o~YING 
192413416 N ARC SEC C ELEC"I'P.IC 

IJ.t.NBi TO 310EC89 

24134.16 ··TOTAL ...... N Al'l.C SEC C c.ECTRICJ.1. ... ElLCT 
i91413!:150 N ).P.C SEC C Hl:CfWiIC 

lJANe§ll TO neE-ee §II 

24135.15 • ... TOTAL ...... tI ARC SEC e MECH,.I.}IICAl. .. HEC~ 
9P24I4300 H ARC SEC 0 SJi.AFT -

IJAH90 TO 110ECtO 

24143.00 • "TOTAL·" N AP..C SEC 1) SHAFT ... StnU" BUtW 
U'zU4314 N ARC SEC 0 SKAFT .. 

lJAHBt TO ll0E-Cet 

24143.14 ··TOTAL· ... tI ARC SEC D SHAM - CONVE.:YING 
til4l .. l, N A.P:C SEC 0 ELEC'TRIC 

IJAN89 TO 110Ece9 

SUl\FAC£ 
.UILO 

5506327 

115093 

115093 

21150 
16870 

550632, 

5S06327 

115091 

115091 

'3240 

93240 

5506327 

LABOR 

14,UO 

230Zf;02 

'531' 

14460 

14460 

2302602 

2302602 

28568 

285'8 

14460 

14460 

2302'02 

ARIZONA SSC PRo.n,CT 
Hl,P,ICOF'A. SI";'E 

FACILITIES ESTIMA.':'E 
TE.t..lU.Y COST SUMiA.RX 

.... s 
Hl:KBEP. DESCRIPTION ,.0: PU 

24144 .1& ··TOTAL .... N MC SEC 1) J:.LECTJUCAl. .. E1Zcr 
992414515 N ARC s~ 0 ~IC 

24145.15 .. 'TOTAL .... tf Me SEC 0 tCCfWIxc.u. ... HE.CKJ. 
992421300 S ARC SEC E SHAr'l" .. 

lJJ.N8t 'TO llDEC8' 
1JAlUO TO llDE-C90 

24211.00 ··'l'OTAL·· S U.C ~ E $JIAF'T .. 5ITEWOl\J( 
U24;.1314 S a..RC SItC E. SHAFT ... 

1J'AH89 TO 31DEC89 

24213.14 .·TOTAL .... S AJl!,C SEC .: SHJJ'"t .. CONVEYING 
U242151S S AJt.C SE.C £ H&CM.uUC 

IJAN8' TO l10Ee89 

24.21S .1S "·TOTU"" $ uu: ~r.c K HECHA.NICAL .. HECHA 
.t.H21S1' t£C.H. SYS .. ItLECTlUCA 

1JANU TO llOEce. 

2421S .1' .... TOTU ...... HEat SYS - £lZC'l'1'Xc..t.l. 
192422300 S u.c $£C F sKAFT ... 

lJAHIilO TO 310&C90 

24223.00 .·TOTU .... S ..,.,C SEC F SHAFT .. SUPS BUXl.D 
",£422314 S LP.C SEC F &K.&.f"'T .. 

IJANa~ TO 310Ecet 

24223.14 • -TOTAL"· S IJI',.C SEC F $HAFT - CONVEYING 
i924~;:41' S I.P.C SEC F El.£C"'I'RIC 

1JANe9 TO 110£C89 

24224.1& .... TOTU .... S .A.J\C SEC F CZCTl\:'CAl. .. E1.£ct' 
U~422515 S AJ\C SEC F I«CHANIC 

1JANe9 TO 31D&ee9 

550'32'7 

1.5153 

1951S3 

'743'70 
168'70 

'3240 

120512 

120512 

5~'327 

o 

550'32'7 

550'327 

1.29804 

129&04 
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.. '·HO 

o 
o 

144'0 

31397 

3131il7 

2302'02 

2302'0.2 

o 

144'0 

14460 

2302602 

3'248 

£QUtPHENT MJ.TU.UL 

'ODCO 

'oaoo 
313,21 

313,21 

'0000 

3131l' 

313'121 

'0000 

60000 

313121 

31372~ 

114417 

114417 

'0000 

"He 
)13727 

313127 

'0000 

'0000 

)~3727 

313727 

".903 

"ie) 

1'000 

1'000 

1812422 

18'74422 

" .. , 

16000 

16'7,;:422 

18'72422 

1'000 

1872422 

187~422 

10"4 

o 
o 

o 

1'000 

1671 

1112422 

1174422 

1,000 

1172422 

11~2422 

'430 

"'0 

C>VEItI<UD 
, '1'OFIT 

9540 

'540 

1ue8 

16488 

1540 

9540 

12114 

12114 

9540 

9540 

OVEP.KE>.D 
, PP.oFIT 

4:0'21 

9IS40 

9540 

13'&1 

1:U81 

,540 

14'36 
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10000C'· 

10000('1 

11'9950,8 

100COO 

100000 

99905078 

228156 

93';;40 

93240 

100000 

100000 

9995018 

9iB078 

3&7671 

38'7,11 

14310 
leSi" 

9);:40 

10000C 

10,)000 

,Z3Hli 

.231429 

n95078 

..,'20 

101)000 

100000 

99i5078 

99950"'!e 

25'7021 

257021 



( 

MIlOHA SSC PP.OJE,CT 
tQ.P.ICOFA SI'IE 

rACILI'TI&S ESTDiATE 
TE.IJU. r COS'T SIJMU.R Y 

D£SCP.IPTION 

19.2<423300 S ..... C S!;C G SHAFT .. 
1J»I90 TO 31CEC90 

244:3).00 fI*TOTU** S AP.C SEC G SHAFT .. SU'JU" BUILD 
192423314 S a.I'.C SEC G SKArT .. 

IJAN8t TO 31D£Ce. 

24233.14 *-TOTAL" S Me SEC Gi SHAFT - CONVEYING 
19242141' • AJ\C SE.c G E.L£CTRIC 

IJAH69 TO llDE-Cet 

24234.16 * -TOTAL-* S loRC SEC G EL£~ICAL .. EUCT 
U242351~ • MC SEC G HE~IC 

IJANi!19 TO lICE-CSt 

2423~.1~ --TOTAL" S ARC SEC G ~ICAL .. HEou. 
99;:424300 S ARC SEC H SHAF"t -

IJAN89 1'0 )IDECe'il 
IJAN90 TO llD£CtO 

24243.00 **TOTAL·· S MC SEC H SHAFT - SUI'IF BUILD 
192414314 S &p.e SEC H SHAFT .. 

IJANe9 TO 31D£ce9 

24243.14 **TOTU·* 5 ARC SEC H SHAFT .. CONVEYING 
H.44:4416 5 ARC SEC H. ELECTRIC 

1JANei TO llOEC89 

24.z4.c.l' *-TOTAL·* S J.RC SEC H EloEC'I1\ICAL ... &LEC'I' 
U2424515 5 AJtC SEC It MECHANIC 

1JAN89 To 310EC89 

24Z4~.1! fI·TOT,u," S AAC SEC H tcCHANlca.L .. M&CHA 
994:43141' Eo CONNEC V £!LCTJUCA 

IJ&NI'iI TO 31DE-Cet 

24314.1' .·TOTAL-- E CONNEC V El.Ec:TItIC1L .. EUC'I7\ 
992432416 E COKNEC X El.EcTJUCA 

IJAH8.9 TO l10£Ce9 

SURFACE 
IliUILD 

.'620 

550'3.2'7 

1';: l' e 68 

12210 
l4<l10 

550'327 

550'3;:7 

202897 

2021t'7 

1590541 

1590541 

15t0541 

LABOR 

144'0 

2302,o2 

35237 

35237 

144'0 

14"'0 

2302602 

2302602 

50753 

"~25e 

665258 

"5258 

MIZON.&. sse PROJECT 
to..?ICOPA SItt 

FACILITIES ESTDiAT'E 
YEARLY COS'T Slll+l.U'.Y 

'"'s 
OESOUPTION ACC PDt 

2"324.1' .-TOT,u, ... & C'ONNEC Jt E~ICJ.I. - ElEC"n\ 
U2-4)2515 '£ CONN&C X ICCH.\Nlc.a. 

l,J"AN89 TO llCE-C89 

2" l2S .15 • -T01'&.L. * .. ~NNE.C Jt MEoOIANlCAl. - NEatAH 
U::43341' Eo CONNEC Y F.l.ECT1Uc.a. 

IJJ.He. TO 310Ea9 

2" 3]4 • l' • *'TOTU·· £ CONNEC r EI.E.CT1'll CAL - JtlLC'n\ 
U2 .. 3441' I: CONNEC 2. El.E.CTJlUCA 

IJAN89 TO ]1DEC8t 

24344.1' "TOTU·· E CONNEC : E:t.£CTJUcu. - ELECTP. 
ti2441U' • CONNEC Q El.ECT'JUa 

1JAHS9 TO llDEcell 

2441'.1' .eTO'TAL·· " crNll'EC; Q £L£C'TJt.Icu. .. ~ 
tt2H1715 " CONNE.C Q to£au.NICA 

l.JANe. TO 31DEce9 

2441"7.15 - *TO't'AL-4I " CONNEC Q 1HEC:HA.N1cu. - MECHAN 
U::U261' " CONlIEC Jt. E.LECTJUCA 

IJAH89 1'0 310E.C81l 

2 .... 2' .1' ··TOTAL·· " CCtrn£C 1\ &1ZCTI\ICAL - E:.£C'1"I'­
U2H2115 " CONNEC JIl HE;.C.t&A.Nle& 

IJAH89 TO 'IOECS!! 

244:7.15 ".TOTAL·· " COm.'"EC JI. HEoCHANlCA.L - te.CHIaH 
U.144341' " CONN&C S £:.ECTJUCA 

IJAMet TO 31DECIU 

24434.1' -*""TOTU·- " CONNEC 5 &l.£C'nUCAL - E!ZCTP. 
.,2444414 " CONNEC T ELECTJUCA 

IJAHU TO 3lDEel9 

2 ......... 1' .·TOTll·· " COtlNEC T Etz.CTP.Ica.L - EloEC'n\ 

StnU'ACE 
8U:LD 

15e0541 

3,'H4 

15.0541 

15.0541 

1590541 

15'0541 

1 ,oe154 

1708854 

751S1t 

1414594 

lU45U 

751151 , 

7~851 , 

1590541 

1590541 

1590541 

1590541 

Slate oj Arizona. Maricopa Site. Seplemher 2. 1987 

LABOR 

11091 

1109' 

"5258 

465258 

"5258 

70388t1 

"70)889 

'''3,e6 

l'4ii2'7 

1U,'27 

665258 

,0tOO 

313'72' 

'0000 

'OO()O 

31)"27 

)13-:'2' 

114 eSO 

90315 

90)15 

90315 

1 '415 

11415 

t0315 

'031~ 

J0315 

103.:.5 

13::2t 

10412 

104:'2 

254142 

10)15 

103}S 

to'US 

10315 

TOTti 
OCLLAPS 

4'620 

1'000 1540 lO(l()CO 

9540 

1612:422 

2533!o6 

466Z0 

t54C 100000 

9S(0 100000 

21340 402069 

12220 21)"0 

H100~ 28S;116 

~4:'002 2887116 

541002 2ee7116 

541002 288'7116 

2746 

2'4' '1998 

541002 

541002 28e71H 

541002 

541002 28871H, 

5te2l4 3104.206 

5ge234 

1500996 

551888 

551e68 2930580 

150"'761" 

l~Oiojjl. 

5·41002 

541002 

!H002 

541002 
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( 

&.I\J ~ONA sse '''OJECT 
tGJUCOPA SIn 

FACIl.ITILS ESTIMATE 
tz.AJU.y COST sUI+iAP. r 

was 
IfUMBEP. D£SCJIlIPTIOH 

"2461101 .... 0 p~/cOHPP.£s - C 

ACC PE.R 

IJa.N90 TO 310E.C!lliO 

24'11.01 .·TOTAL .... A .. O PUHP/COHPR£S - COlG'OSITE 
"24'2101 £40 PtK>/cOK'P.ES - C 

IJA}I'O TO 31DECioO 
IJ'.LH91 TO JIOECPl 

24'21.01 ."TOT.u. •• E40 PUMP/cOHPRES - COMPOSITE 
192463101 XR plJHP/CotOi'RES - CO 

IJAJHIO TO 310£CSlO 
IJAN H TO llOEC91 

24631.01 .. 'fOTAL .. • XJ\ PIJMP/COHPRES - COHi'OSln 
992464101 P'l' PUHP/C~RES - C 

IJAH90 TO 310EC90 

24U1.01 "TOTAL·" Jt.P. I'UMPt'COHPI\E.S - COKPOSlft 
P92S13102 HAl.L Y T'lPE It .. SIn 

IJA.Ne~ TO ]10Ccep 
IJAN90 TO 310EC90 

25131.02 •• TOTAL-. HALl. 'l TYPE 8 .. SI~ WOM 
119251311' HALt. Y ElL SYS .. ELl: 

1J'A)oI89 TO )lDEce. 

251)''7.1' "TOTAL" H.A.J.,l. t E.L£ SIS .. ELECTRICAl. 
59;:513815 HALL l' KEC Sxs .. HEC 

1JJ.H89 TO 3lDEce9 

25138.15 ··TOTAL-- HALl. l' t£C SfS .. ~IC.Al. 
UZ51U01 H.U.L Z .. C'OtC"OSITE 

25141.01 "TOTAL-. H.A..I.L :. .. COHPOSlTE 
99251471' HALL Z E.1LC S'lS .. EL 

IJAHe9 TO 310&e19 
IJAJUO TO 310EC90 

IJAH89 TO 310tt8. 

Sl1P.FACE 
eUILO 

22e~4 12 

228541: 

175491' 
SlOSH 

4515300 
336804 

83.2104 

1!!32104 

832104 

9366132 
39tieiOQ 

133JUl32 

"788358 

1S8358 

'29U2 

133348)2 

"788362 

MIZONA sse PROJEC7 
tGRICOPA SUE 

Fa.ctLITIES ESTDU.T'£ 
n:.AJU.y COST SUl+lA.R'l 

", .. 

2485)6 

248536 

:"5173 

NUMB"" DESCP.IPTl:OK 
5tm.Fa.CE 
8UILD LABOR 

2514i.16 .*TOTAl. •• HALl. :;:. &I.£.C srs .. ElLCTP..tCAL 
992514815 HA.LL :. KE.CH S'lSTDt 

25148.15 ·*'TOTU·· H..&.l.t. Z t&CH SYSTEM 
'.2521102 HA.L.L S TYPE A .. SIn 

IJAN8. TO 310&£:89 

lJa..N8' TO ]IDEC8' 
IJAHSIO TO 31D£C'O 

25211.02 • ·TOT.t.l.· - KJ...LJ. S Tn'E .. .. SITE WOPtlf: 
19252171' KU.1. 5 ElE.C 51'S" EL 

1JA.,N89 TO 31D£.C8, 

25217.1' .*TOTAL· • .HALL S El..E.C SYS .. El.:£CTRIc.&.1. 
'.2521115 KA.l...L S HECk SYI .. HE. 

1.:rJ.N8. TO 'lD~89 

25218.15 .*TOTAL" fU.LI.. S HECH Sts .. ICCH.ANlCA.L 
9t2522101 H&J.I. T TYPE .... COHP 

IJA.NI. TO )lDECI9 
IJA .. tUO TO 31CE-ctO 

25221.01 --TOTAL·· RA..LL T TYPE .. - COMPOSITE. 
"252271' HA.l..t. T £:r...EC S1'S - £.L 

1,J'AHI' TO 310£C8' 

2'22'7.16 •• TOTAL" IU..LI. T ELEe STS - EL£CTJUCAL 
"2522e1' RU..L T HZCJl StS .. HE 

l,J'uei TO ')lDEce, 

b "mUT •• "T;2" 'Wi 

7883'2 

'2!H92 

62'U2 

8'51'" 
46830" 

13334832 

718362 

781362 

6Z"92 

'ZUt2 

1333.832 

630H2 

630H2 
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241536 

o 
o 

o 

36577) 

2485:1' 

.215.'08 

E.CUIPHENT HATEJltL\.l, 
OVDU<U.D 
, PP.CF:'T 

o 

21S;:9 

2i5S4 

2i530 

2":'530 

l1S!4 

2t5!4 

2i530 

27530 

27530 

2"'530 

2'517 

o 

o 

70908 

10908 

14Z896 

14219~ 

70908 

70908 

1421.6 

'7090e 

'70908 

o 
o 

o 

142'" 

142196 

13290 

732S10 

'732iO 

'73~iO 

733U 

i334~ 

4 .. .11412) 

Vollime 3, Pag!! 1-/6 

TOTAL 
OOL!.APS 

115·411' 
53,'~5ti 

.. ~S.3 OV 
:DcBO'; 

83':104 

83.::104 

~3d.13; 

3h,i3'C8 

IJ';:4!l55 

H)~;:':BO 

1333H34: 

13Z4!til 

TCTA.!. 

86~1'''''6 
4 ~~jJOH 

105.22130 

e6!;'iH 
4683':.6 

13334e3:;: 

1324~til 

13':4! 1:>1 



2.2 Total Project Costs Summarized by Facility, Work Breakdown Structure 
LeYel 7 

This report details the total cost of Conventional Facilities Construction using 
the Central Design Group's Work Breakdown Structure. Costs are summarized 
by facility. These are the summary costs referred to in Volume 3. 

1+21 Site and Infrastructure 
1+22 Campus 
1+23 Injector Complex 
1+24 Collider Ring 
1+25 Experimental Facilities 
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! 

~. 

"". 
"IMlER 

21210.00 

DESC1\IPTIOH 

CONSTRUCTION SUPPORT 

1+2122_ ·-TOTAL"" CONTRACTOR YAP..DS 

1+212_ "·TOTA.L"· CONSTJII.UCTION SUPPORT 

21310.00 KA.IH C»wUS UTILITIES 

1.2131_ .. ·'fOTAl.-" CAK'tJs 

1 ... 213_ -·TOTU" SIn Pf\.D'AJU.TION 

21420.00 ELEC'TRIC.I.l. DISTP.Z8tnION 

1+-2142_ ··TOTU·· TJU.NSHISSION/$lHTCJUNG 

21!11.00 DTEP./DSTE WATER OISTJUBU7'ION 

1+2151_ .. -TOTAl."''' POTABLE WATER 

1+215_ ... TOTAl. .... WA.TER , WAST'£ SYSTEHS 

'""5 
NUHB£.P. OESCP.IPnON 

21710.00 wx SY S'I'EHS GEN'EJU.I. 

21811.00 SITE WOPJ!: - CAHi'US JlOADS 

1+21811_ "·"TOTA..L". CA.K'US MADS 

1+2181_ ·.TOTAL •• JlOA.DS " PUJUNG 

1+21'_ '" "'TOTa..x."'. ftOADS , P).NI;;I'NG 

1+21 "'-1'O'ra..x."'. SIn ANO INFJU.,S'I?UC'Tt1P.,i; 

22100.00 1.AII BUILDING 

1+221_ ··TOTA.L"'. uacRATCI\Y BUILOiliG 

2.2210.00 

1 .... 2221 .""'TOTAL-. flE.A.V"l' wc..Jl:S auILDING I 
2.2220.00 KVY WOPJ($ BU::.n II - ~E.P.A.L 

MIZONA SSC Pl'o.n.CT 
MLRICOI'A SIn 

as LE.VEL ., ~STlHATE 
SUHHAP.Y COSTS 

8UILDINGS LAIIOR 

''4000 

U4000 

'64000 

472042 

472042 

472042 

39270000 

39270000 

311270000 

5575000 

55'5000 

55'5000 

5575000 

ARIZONA SSC PRo...."'EC'l' 
""-RICOPA. S:::E 

1II'8S LEVEL ., ES':'ItQTE 
St1HHA.P.Y COSTS 

BUIl.OINGS 

SUP.FA.C£ 

10245000 

10245000 

10245000 

12882000 

12882000 

12882000 

12882000 

'9408042 

UI',telO 

1e19U30 

139U23 

139H23 
1399923 

139i923 

LABOR 
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OVXAAF-AD 
, PROFIT 
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'roTlU. 
OCLUP.S 

964000 

i64CCO 

412':-42 

)9210000 

392"'0(,,)0 

39';-'OCCO 

5515COO 

~S15000 

5515000 

TOTA.:. 
OO!..!..ARS 

1024 ~-:-oo 

lO~450')O 

1;;:882:)00 

12882~JO 

181i!;o30 

13H,.23 

13 H;23 
1319;2) 



DI.SC"P.IPnON 

22230.00 KVY ItOIUl:S BUILD IIt ... CZHEJUJ.. 

1+2223 .... TOTAL .... HEAVY WOI'.XS BUIWING tIl 
22240.00 HVT WOJQCS .UILO rv ... GENE.R.A.L 

1+2224 ··TO'l'.LL"· HE.AVY WOP.IC$ aUILDING IV 
22250. 'j)Q KVY WOP.KS 8UILD V ... GENE:l\A.L 

1+2225 ... TOTAL .... HE.AVY "OIU($ BUILDING V 
22 2' 0.00 HV'Y trONeS BUILD VI ... GiENEJ\.U. 

1+222'_ "*TOTAL·" .KE..lVT waucs BUILDING VI 

1+222_ .... TOTAL .. • HEAVT WQU(S atJILDING 

22310.00 $HOP BUILO I ... GEHE.P.A.L 

1+2231 "TOTAL·· SHOP aUILDINC I 
22320.00 SHOP BUILD II ... Gi£NEIU.J., 

1+2232 ·-TOTUu SKOi' BUILDING II 
.£2330.00 SHOP BUILD Ill: ... CENEJU.L 

1+2233_ - ·TOTAL" SHOP BUILDINC III 

1+223_ • ·TOT.LL·" SHOP BUXLDIHGS 

2.2410.00 D.P.EHoun "1 ... GENEJ'U.L 

.... s 
Kt1HB£I' DESCI\IPTION 

1+2241 "*'TOTAL·· .~ousz I 
22420.00 tu.P.£HOUsE It ... GZ:NEP.AL 

1+2242 •• T01'U .... RAP:£HOOSZ II 
22 4 3 a .00 FU\E./ S rrz./J\ESCUE ... cz..NDI..U. 

1+2243 .--ro'TA.Lu FXJr£/SI1'Z PATROL/PLSCUE 
22440.00 VEHICLE SU.V1CE .. GENER.U. 

1+2244 .-TOTAL·· VEHXCIZ J(IOSlt 
224'0.00 HEL1P~ - GDlE'.lI.Al. 

1+224'_ "''TOTAL''· HELrPAD 

1+224_ .. rroTU·· SUPPORT .UILDINGS 

23110.1' 
23110.111 
23110.1. 
23110.20 

LINAC 'tUNHEL/£NCI.OSL'1\E ... UCAV 
).INJ!.C Tt1KN£L/£NCLOStntE ... PIPlN 
LINAC TUNN'E.L/ENCLOS:n\£ ... lL1o:F 
LlNAC TUNNEl./ENCx.oSL'll£ - Jt..EVEG 

1+2311 ·-TOTAL ... t.INAC TUNNEL/ENCLOSUI'tZ 
Z4123.I'i N Al\C SEC. $HJ.n' - CONVEYING 

1+2313 .-TOTAL.· SH.U"'TS/UITSISTA.IJ\SIHATex&S 
23150. fi UN.l.C - I'.LECTI\IC..I.l. 

1+231' ·-TOT.I..L"· ELEC'TJltICIrJ. 
231'O.n LINAC MECHANICAl. - ICZCHJJUc.u. 

1+231 ,_ • ·T'OTU·· M£CiA.HICIoL 

1+231_ ··TOTAL .. • LXlaC 

MIZ.ON. sse PI'tOJ'ECT 
~ICCFA SI't'£ 

was l.£VEL , £STIHA'I'K. 
StnflA,RY CO$TS 

eUILCINGS 

SIJP.FACE 

"U'50 

4 i9"e 

,U9ue 
400050 

400050 
400050 

400050 

1399923 

MI:ONA sse P)II.o.J'E.cr 
HAR:i:COPA SI':'E. 

WBS LEVI::' ,. ESTtKAtt 
S1.1MiA.P.X COSTS 

»UI:'OINGS 

SUP.,F.\CE 

13U923 
139111923 

13U923 
40000e 

400008 
;Ui64 

34020 

35331138 

1231113 

123183 
1 "!il' 

2S19'700 

uso .. 

4UO~ 

144'0 

'5100 
30'5~ 

30'55 

122220 
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11592 
23416 
11963 

2"~ 
3112 

1112 

112'28 

.. '2'0 
1121e 

i"'4 

Ovr.J\HE.A.O 
, PP.OFIT 

1 ""151 
1'1U5 

22.71 
2044 

240'1 
"40 

IH17 

420J8 

TOTAL 
OOLUP.s 

eH~-:ti 

6Hio"1, 

899,,;, 

4v0(l~(1 

400v~,) 

1300068 

2649h4e 

1399923 

139S0923 
13iH13 

13H1i4:3 
400.:ce 

34020 

3533838 

14:;'58 
'1E1U~ 
lU_O 
104:.20 

121103 
lOOO'C 

1000CO 
LO'! j8 

~2701j 

VV/llme 3. Pa:;e 1-19 



D.IZONA sse PP.OJECT 
MLP.ICOPJ. SITE "". LEVEL 7 EST1MATZ 
.UMW\y COSTS 

lIB' 0Vt:N<r.AD ""TAL 
"UMlEJI DESC1'l.IPTIOtl BUILDINGS LAIIOl\ I.QUIPHENT .... ttJ\LAL • PJ\OFI":' OOLl,..AP.5 _._._-_. .._ .... _ .. __ ._ ... _ ... _ .... ._ ... _. __ .. ----- _ .. _-.. 

IUP.FACi: 

23210.18 t£Jl TUNH"E1. I~C1.OSUP.E - SAC)( FI 53515 1!5UU ,2984:2 24;:836 
23210.19 t£Jl TtrnNE1./~CLOSt.1RE -PIl'IUG ,Oe26 38?1) 29':'82 1:9').31 
23210.20 t£Jl T1.INHr.L/DiCLO SVP..E - P.E.VEIZT 13541 3385 1692«> -- .. _------ -_ ... -------
1+2321 ··TOT&.L· • LEB TU'NH£1. IENCLOSURE 114341 198212 13541 '2989 38910 
23230.35 .HAFT ~BI1.I~A1'ION 89i8 2334'15 303690 189)90 1'3~~33 
23230.31 SHAFT S£T UP 2'0400 260400 
4:3~3:;) .33 sttU""T COLlJJ\ .110'0 438":'55 n115 955590 
l3230.34 sttU""T stN!(ING 11'14650 26'Ui 107;'5 19n344 
23230.35 S ...... T F\1P.NI SHI Ne 204125 18525 10il5 233565 
23230.36 SHAFT a.£>jf UP , OEMOS 263130 112'35 7"055 4~,a:O 
23230.31 SHAFT HI..NlfAr/DP.ln' 283;20 '959"38 '7300 10"":'158 ---_ ..... ---- ----------
1+2323 ··TOTU·· SKAF"t'S JUI T S I STAIP.S IHATQiE.S 3152:&:63 233415 1837612 4851'0 5108510 
l3241.0i' 1LB PS 8U:1.O - CQHPO$ITE '20865 '208'5 ---------- _ .. --------
1+23241 ··l'OTU'" • pOWEJ\ - SUPPLY BUILDINGS '20865 '20eti~ ---------- ----------
1+4:324 ... ·TOTU·· Sl1JU"'ACE 8UII.OINGS 620865 620865 
4:34:5':.1'6 1LB E:.E.CT'P.lCAl. - ELECTRI CAL 247)73 1'7'0 5'':'9 89589 419511 ------_ .. _- -_ .. _--_ .. -.. 
1+23~S ... ·TOTAL·· E.LECTRICLL ~~")'3 "770 ~"'i9 e9sa" 41 951: 
23.iO.l! LE.8 HEOlAN I CA.l. - MEC'H.ANlCU 50333 15821 ... 22~i 62350 --- .. ------ ----------
1 .... 232'_ ... ·TOTAL ...... J«.aWIICU 50]3) 8821 ... 2247 '2350 -----.. ---- ----- ... _---
1 .... 232 ··TOTU-- LOW ENERGY ItOOSTEJ\ tl85'l 3352195 4384'75 1UO"'42 550)96 72003'8 -
233 HI. 1 ":' foEB 't'U'NNEL/ENCl.OSl1J'.E - EJ(CAV 61(190 '7i)801 11Ues 951775 
23310.1e HE!! n1NN'£L/ESC!..Osvn - ISFI:'l.. 21 'H8 '4)US llC4.ilSI '811 ,Hi 
23310.19 HE!! 't1JNNEL I EN CLO S1JP.E - PIPE .63412 29~3!r' 22669) '85'02 

ARIZONA sse PROJECT 
HJJUCOPA SIn; 

""S LEVE:. 7 ESTIMATE 
.U>flIJ<Y COSTS 

was OVEJ\KUO ""TAL 
Nl:HB£,R OESCl'IPTION 8t)ILDINGS I.ABOl\ 'EOUli'liOrl' .... TERut. • PP.OFIT OOLLAP.s _ .... =-_. .._ ...... _ ... _ .. -._-._-.... • -= ••• __ ._ ••• _ .......... ..-•• = ... _. 

SUl\FAC% 
23310.20 HEl! TUNNE.I./'Dl C1..O SUP ... ... !\EVEG 10313i 25785 12U23 ---------- ... __ ...... _----
1+2)31 ··TOTU ...... HD roJfNE!./ENCLOSUPE 74U40 1'712Ui 10313111 .. 10052 3047526 
233Z0."l"f HEB TO HEB 'I\1!rNEL - UCAVATION 18'08 234433 35412 288353 
2334':0.18 ...... ~o HEB """,,,,L - """'" FILl. '8'00 201"04 '7856 )08;'00 
23320.19 HE!! TO HU TUNNEL - PIPING 240183 1'3102 11'5,7 5106e2 
23)4:0.20 t€B TO HEB Tt1NNE.L - I<EVEG 53458 13365 .U2) ---------- -_ .. -------
1+2332 ··l'OTU'" ... HEll TO HEB TP.ANSFEP.. 327)90 589::39 ~3458 204230 11''4318 
23330.3C SHAF':' t4:lSII.IUTION 107,) 280170 lU4Z6 227268 88;:09 
23330.31 SHAF1' SU UP 312480 312460 
2333.:).33 SKI.FT CO:'l..JJ\ 500412 52'50' 11'7'0 1146108 
23330.34 SttU""T SINKING 2057580 321252 128iO 2ln702 
23330.3!/ SttU""T FUP.NISK!NG 244950 22230 13018 280::78 
23330.3, SHAFT CLEAN UP • OEMOS 31575' 135282 '24" 543!O4 
23330.37 SfIAFT tAHWAIJOJIU'FT 340704 83512' 11"60 1.H2590 -------_ ... - ----------
1.2333 ··TOTU·· SKAl'TS /D.1TSI STAXP.S/H.1"%'01ES 3782715 2e0170 2204824 $'21'2 "4UOl 
233.1.00 HEll S~ACE BIJ11.OINGS nl156 'ell~' 

... _ ... _------ -_ .......... -..... -
1 .... 23341 ··TOTU ... • EXIT /V'EH1' aUI1..:)INGS '111$6 '8:.156 - ... -... _ .. -_ .. _- ----------
1+233. ··TOTA.!.·· StJn'Aa:. aUl:..DINGS '811!U 68115' 
233'0.IT HEB EI..E.C'T?lc.u. - r.u;.CTP.ICA.I. e79l81 33"00 2538. 3104'3 1551829 -------_ ... - ----------
1+2335 ··TO'TU-· E1.£CTRI cu. 87'38, 33"00 2538. 310453 15518.!Y 
23360.~ t€B HEOWilcu. ... HECHANI Cll 2716 1463 200 100 'Ot 5,10 
233'.:).1~ HEB MEOlANlc..u. -MECHANICAl. 314'7U4 11!-8S.05 1453;;:3 '0341111 ."1449 '3Ul40 ---------- .. ----........ --
1+2336_ ··TOTU·· HECJU.NlCAl. '1"0362 11"ue 14~603 .0421' 441158 U02110 

........ _------ ----------
1+233 .'"'T0"l'A.:. •• H&DIUH Eh"D"'.GY aooSnI\ 5310tO~ - ".8323 2:'5308' ""0" 1118432 11706640 

SI0/t' of 4ri7flJ1(] Afnrif'flnO Silp .,pnIPmnpr ;> lOR? 
T?.r.l"&o'11n '} D ..... ~,... l:;:n 



~I:z.ONA sse P"OJE~ 
MUtIC~A SITE _s LJ:VEL , ESTrKA.TE 
StIHHAJ\T COSTS 

-- OVEAAr.Ao TOTU 
NUMBEJ\ O£SCRIPTION aUlLOINGS L'BO~ &QUIPHDn' OQTEJ\LU , PP.oFIT OOLL.t.P$ ---- -----._._ ... _--------- -------- -_.--- ._-.. _ .. 

sURFACE 
2'410.17 lEI> TU'NNEL/DfCLOS~ - EJtCAVJ.T '''70 e,2U13 133301 10e~4S5 
23410.18 HEll nmNr.I./~CLOSv"1\E - EJ(C.AVJ.T .l7U09 719'0' 150432 12.>UC6 
23410.19 HEll TutJWEl./DlCLOSUP.£ - BOO( FI 14 '2512 '34:263 7li066 31106"" 
2lUO.20 lEI> TIJ'WNEL IEHCLOSURE: - lU:VEG )25510 cn:ne 4066136 ---------- ----------
1-+~'41 ··TQTU· - H£8 T1.1NNEL/ENCLOS{JR£ 180"70U 2U4352 )25~10 1081179 51:1.:-613: 
4:3421.17 HE.B TO cox.. T'..mm:;L - £JC.CAVA':'ION 35573 450593 '600) 5~C::30 
2HZl.16 HE.B TO cOL 'TUNNEL - BACXFILL 1428'5 .17524 76453 fi3ee~2 
23421.19 HE.B TO COL 'I't1lrnEL - PIPING U4:U7 40'620 314 "762 13';1519 
23421.20 HE.B TO COL "'"NN£L - REVEG 1430U 35773 1"'88'-4 
2342L21 HE.B TO COL roNNEL - S.."..- BUILD 29663'_ 29663"'6 ---------- ----------
1+23421 ··TOTAl.· - HEll TO COLl-lllER 2U6,7, eZl345 127'837 143091 49"0"1 5105820 - ------ .... - --- .. _-----
1+,,342 ··TOTAl..· - TP..ANSFE.P. TUNNELS lU6]" e21345 12.,.1937 1.3091 49707:- 5"0~e.:.o 
23430.» """" SET COP )55'65 233475 303UO 1U.:U0 108-"520 
234'30.33 SHAr." o:,:)!,LA.R .4818" ·U695 '34 )BB 163'7e9- 1;:94:56 
23430.34 SKAn' S!NY.IUG '752460 514"4 126'71. 13Sto)8jre 
23430. 3~ SJi.AF7' FUPNISHING t0846 34635- 18423 143904 
2300.36 SHAFT c:u:;.}I UP , OE>tOB J1~7!16 135.285 '14 tii 54)50'7 
23430.37 SHkFT toJ.IWA r IORI" 12"7UO IU5"0 15)200 23;:640C _ .... --_ .. _-- ----------
1+2343 ··TOTA.!.·- S.H.ArTS IUITS/S'tAIRSIHA70iES 3241451 280110 ~5H1822 144042 '';'84485-
23.41.01 HEB EXIT BUILD - CQHPCSlTE 15'71850 1571850 ---------- ----------
1+23441 • ·TOTAl.-- £.XIT/nNl' , rNJECT IE..J"Z.CT BUILD 1511850 1S7USO - -------.. -- --------_ .. 
h2344 ··TOTAL·· SUP.FACE BOILtlINGS 1571850 1571S5(1 
234,o.16 HEll ELEC"l'RI c:.u - EL£C'TJU' CAl.. 20'6195 18'500 ,UI6' 732840 3762401 --_ ........ _ .. - -- .... _-_ ..... -
1+234fj ··TOTAl..-· EI.EC'TRI cu. 207'1t5 886500 ,'8" 73~84 0 37'2401 
23410.15 KEB KE:OlANXCA..I. .. HECH.A.HICU S70081 11051-4 11541 14184 .:a1C 103 E3 JO ---_ ... _---- --- ..... _----
1+234'7_ • -TOTAl.·· HECKA.NlCA.l. '70081 110514 115.7 14184 28974 103fj)00 

U.I:ONA SSC PROJ&C'T 
Ka..P.ICOPA SITE. 

os LEVEL 7 ESTIMATE 
SUMiARX COSTS 

""s OVEP..'lUD 'rotU 
NI.Ml£J< DE.SCP.IPTlON BOILDINGS LAIIO~ &OUIPMEHT OQn:J'.LU , PP~F':T OOl.L.A..P.S -.... -... .. _ ..... _ ... __ .......... _ ... --.. -_ ... _----.. -_._-- ___ a_ •• 

SURFACE .. _-_ .. _---- ----------
1+234 ··TOTAL·" RlGiiH E.NEI\GY aooSTT.R "4.4502 '8'U01 4250'73 3'344047 2352265 2.'8S~8a -

---------- --_ ..... _----
1+23 ··TOTAL·· IN.JECTOR 1 '54'51' 1,,89639 755501'3 0328 '4' 4ti03101 55:8C364 

tl2411.X CUT , C'O'\."EJt TUNNC.. E.XCAVAT:~ !aU5 '742836 11:~C1 tl36~~ 

n2411X CUT , COV'EJil T\1N'N'E..L eACla'IU 2~2759 '245.1 136a25 111C1405 
11 4 411% CUT , COV£ll\ Tt.1NNE;. PIPE 1U310. 12513'0 941165 .175629 
91241U, CIJ'l' , CO~ Jll.EV'£.CiE':ATIOW 436920 10-;'230 546150 

... _-------- ... ---------
1+24111 ·--:OTU· - =rnEL 2274508 27187.58 4:H920 13H42'" ':49613 
'2411U- .IH.AE'T NJ.8Il.I.Z .. a:rION "91 ,3390 12147, 75"5' 29C~13 

.24113S SH.U""J' SET UP 1081.4 10alU 

.2.1130 SH.ATT COLLAR 1'1&aO 410870 e1091 '5)8H 

.24113E SH..AFT S:mclOO 2'24'''' 444080 168'54 e"~.z:l1 

'24113F SH.AFT Fl7P.NISHtNG 3oZ$8e 1251' 521( 50319 
'2411lG s.H.AFT C'lLL.... UP , DEMOB 1215'2 .1'34 30822 1940':':8 
.2411l.H SKAF'T HJU,"WA l' I DP.!" 302745 .1"408 102)28 7&3082 
24113.(10 N MC SEC A SHArT - SUP..F 8UII.I) .,,20 46':0 
2411).14 M MC SEC a. SHArT ... com."'£y:N<; 1U'0 '0000 1'000 '540 100000 --------_ .. _ ..... _------
1+24113 ··TOTU- - SKAF"J'S/EXl TS I STAIRS/ KA Taa:.S 46620 1007(5' 1.53390 1423885 414005 l105457 
24115.1! N AJ\C SEC A HECHANlCA.lo ... HEou. '075' 24305 .80" 'U5 102'2 180044 ---------- ----------
1+24115 • ·TQTU·. HECHANlCA.L '07S' 2430.5 .80" "(5 10272 160044 - .. _---_ .. _ .. - ----_ .... ---
1+2411 .. ·TOTU·· SECTOP. a. .. MUZPOST 10.01-05.0 13'3" '30':70 2120214 18,7.550 1803704 1003~114 

9l241.2it' mH SET UP OL\HBER 101439 11401 1126CO 
1l2412C 'ntH TU'NNLL E.X.CAVA.TION 23'3207 4'5874 .12.3"'4 701302~ 
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U,I%.ONA sse P~OJT.C'T 
.OJUC~A SIn: 

WB. L£V'E.L ., ZS'1'IMATE. 
~1' COSTS 

"". OYU.K&A:> TOTlU. 
'''_u. DESC1\II'TION .UILDIMGS LABOR EQUIPHEMT .... TEI\UL • PPtOFIT OCL1.A.P.s ----- --------._ .. _-----.. _ ... _---- .-... _- --... -.. 

SUP.FACE 
.124120 TBH TtmNEL SUPPOIn' ')U .... 3101 .... 3741628 
tl2412E TBH TUlfNEL FIT AND CoteoaSSION )"'U21 2391. .. OOiU --_ .. _ ... _--- -------... _-
1+2"121 "·TOTAJ." " 1'UNNI:L )51111 '7 3,331"e 4123944 11168239 
t2241ZA.- E.lLC'T'P.CJiN SHIELDING NICHE 39nS4 3'hi 4.ze8~0 
9324121. POWER J..LCOVE 2614)6 5UU 3,4:0660 ----_ ....... -- ... _-_ ..... _---
1+2412.2 " "TOTAL"· M latEs / A.LCOVES I CHAt-eE.RS '53590 96110 i4 ~"'~'J 
24124.11 N ARC SEC 8 ELECTI\IC.A..L .. ELECT 5506321 ;302602 31 "21 1e~';:42.z U9!-078 ---------- ----------
1+24124 "-TOTAL"" EI..£CT'RlCAl. S50'3l7 2302602 313727 11"2422 "I1~ .. ):a 
2412~.H N UtC SEC B ~ICA.l. .. MEOlA 115093 '5)'7, 6537' 6646 164es 2061165 ---------- ----------
1+24125_ ··TOTAL·· HEOlANlCAJ.. 115093 653"'9 653-'9 "46 u .. es ;:'8.985 --- .. ------ ----------
1+2412 ··TOTAL· • SE.C'TOJ\ B .. HIu;.J>OST 05.01-00.0 5'21420 '53268S l7UO' 5'0135' 4140432 222:8'::002 
912413C nH TUNNEL EJ(CAVATION )255.96 fO.946 4948:) IS:"415 
912413D DH Tf.1NNE.:. Sl1Jl'PORT 7)"'IOS 372::05 445"10 
t1241n 1'BH Ttnm£L FIT AND ~SSION 43020 2730 4~150 --_ .. _----- ----------
1+24131 • -TOTAl."· TUNNEL 442)21 43~881 494873 13730':'5 
'22413"- £L£CTP."" SJUXLOING NICHE 49900;: 43146 54.0:148 
932413.\ POIIER ALCOVE 3326'8 '3164 39643", ---------- ----------
1-+24132 - ·TOTAL"" HlQiE$ / ALCOVES f CH.IoleERS 131070 106910 93S560 
9:0::4133"- SH.AF'I' HOBILIZATION 34115 13390 143781 '7398 36e6S4 
92U335 SHAFT SET lJP 13'1'6 130116 
t:l413lC SHAFT PPL-GROUT .20 .20 
9':41330 SHAM COLL>J\ 161e10 2"'08-'0 460n 47d841 
Jl241llE. SH..L.FT SINXI NG 1'91586 926690 330e~.z 29~"0ge 

924133F SHAF'T FUP.NI SHING 93'712 52~64 26537 In.613 
92413].0 S.HAF"l' CI.E.AN UP " DEMOS 105252 50160 3..2276 le~70S 

• 24133Ji SHAFT I<J.NWAl' / DIU" 250935 31'7121 7163 • 6.996"0 
24133.00 N MC SEC C SHAFT - 51.1l<F 8UILD 4"20 466;;:0 

.A.P.I:'OMA sse PROJECT 
HA.RICOPA. SI-:t: 

ns I..£VEL 7 £STlKA.:E 
StJHHAI\l COSTS 

..... OVEP.KEA.:> TOTU. 
NUHI>El'. DESCJUPTION BUILDINGS 1..&.8OP. EOOIPHENT w..'IT.JI . .t.Ll. ~ PROFIT OCLLA.PS --- -----_.----_ .. _------ -_ ... ----- -----_ .. ___ •• -=oZ'. 

SUP.FACE 
24133.14 "N Me SEC C SHAFT - CONVEYING 14460 60000 16000 95.0 100000 ----_ ...... _-- -----------
1+24133 - -TO'ru·· SH.AF'1'S/:EX.I.TS /STArP,S IKATOtES 46620 24'5036 153390 113'005 '14298 5146346 
24134.11" M .ute SEC C £L£c'1"1UCI.L - ELECT 550632"'7 2302'02 313"27 1114:4.22 ttBoia ----_ ... _-_ .. ..- ... _ ........ _--
1+24134 ··:rarU·" E.LECT1<I CAl. 550'327 230."0.2 313"'27 1172422 ,99501e 
24135.1"3" II MC SEC C MEGH»I Ic:.u. .. MEOlA. 115091 28508 '!"'36 ,U,5 12114 .2281 ~ 6 ---------- ----------
1+24135 • .TO"TAl.-. t&atANIC.l.l. 1150.1 21"8 '~731 ""5 12114 2281~' - .. _ .. ----_ .. - _ .. --------
1+,Hl] ·-roTU·- S'EC'l"':)J'l C - MILEPOST 51.5(1!-46.5 '6'aO)8 '1001 ~'7 53285! 42'0863 1121285 17'63231 
'12414C TSH Tt.1lfHE.L EXCAVATION 10'2354 218 603 207'270 J3~5;.z7 

1124140 TBH TUNNEL SUPPOP.T 265336 1364478 1629816 
.12414B TBH Tt1NtlE.L nT AND COM(IS SION 172080 10920 183000 ------ .. --- ----------
1+24141 ··TOTAL·- TUNla:L 14'51""2 15904001 2074270 51680,3 
.2241 .. A- E.I.ECT1'l0H' SH.tELDtltG NtCH& .'331' 40U' SO'Ji~ 

.32410. I'Q1Ift:R ALCOVE. 32"591 "~70 3U168 -----.. --- -_ ....... -----
1+2>4142 • -TOTU·· NIOIES/.u.cOVES /CH»eE.Rs 7.0t14 107556 6.98540 
92414»- SJU.M MJBILI:'ATION ''Cl4 14 C085 22'503 1522'2 5~fi264 

.2011438 SlUFT SET UP 21428' 214296 
'2414 )C SK.LF'T PP.,E-GilWUT 1140 1840 
9241430 SHAFT COLL>J\ 233)"16 '''42'2 "046 673.j64 
.;:4143E. sHAFT SINKING 2057'60 2007187 "3025 4727"1;'2 
.24143F SHJ.FT J1JP.NI SHIMG 11Sa1' ",,9416 43794 )O~",H 

82414lG SK.U"T c::u:..AN UP • DDtOS 1.57678 70197 .7'66 2'6561 
'2414lH SHAFT KlJoI"WAl' IO~IFI' 2UC48 515.20' el918 665231 
24143.00 If AP.C SEC D SHAn - SURF BU:LD .3240 ;'3240 

241'3.1" ,. UtC SE.C D SHAFT - CONVEYING 144'0 ,~OOO 1'000 9541:: 100000 --_ .. _----- ----------
1+241"3 ·-TOTAL·· SHAI'T' fUlTS I ST..LIJ\.$/HA TCiES '3240 31.2728 20c-OIS 12;'O~"'71 107.1332 'le .. ..,95! 
24144.11 .. UtC ~C D E..LECTRI CA.L .. &aCT 55o,327 2302.02 3:3727 18:2422 ",,5o.,e ------.... -- ----_ .. _---
1+24144 -*TOTU·· E.IZCT1'.I CAl. '550'327 230£:,o2 313727 1.72422 tn50:6 -
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DESCRIPTION 

2414!.15 

1+24145_ .·TOTU .... HECHAHlaJ.. 

MIZONA sse PROJ"E;CT 
tQJ\ICc&>A SITE 

was LEVEL 1 ESTIKlT'E 
s~'t COSTS 

Ll\l!OR 

SUl\FACE 

U51S3 4"10 

1+2414_ ·*TOTUu SECTOR D .. MILEPOST 46.52-41.5 

1'BH TUNN'EL UCAnTION 
T8M TU'NNEL SuPPORT 

t124'::1C 
tl.2421D 
tl24,ZlE 'IBM TUNNEL FIT J.NO cot+aSSIotI' 

1+24211 ··TOTAL· ... TtmNEL 
8224.2U- EJ..E.CTRON SKI:ELDING NICHE 
., 24 2lA POWD. ALCOVE. 

1+24212 • ... TOTAL ... • NIClmS/J.l.COVES/CHAteE:.RS 
92421U- SH.ATT K:>BILI:ATION 
t24~13B SJaF'T $E.T t11i' 
9242130 SHAFT COLLAR 
924213£ SHAFT SlN1'CING 
924213C SH.A.F7 FVP.NISHINGi 
U4,Z13G SKArT Q...£.AH UP , OE.HOB 
124213H SHArT l'G.NWAY/DRlrr 
24213.00 S ARC SEC E SKAF'T - SITE"OM 
24213.14 $ ARC SEC Eo :I.H.A.F'T - CONVEYING 

1+24213 ··TOTAL .... SHAMS/EXITS/sTAIP.S/HATotES 
24215.15 S J.J\C SEC ~ HEC.H.U:ICAl. - HEc:HA 
24215.16 t£CH S'tS - £LE.C'TRlCAL 

1+24215_ • ... TOTAL •• MECHAHlc.u.. 

1+2421_ .-TOTAL.· SE.CTOI\ Eo - Kn.E.POST 35.18-30.'" 

""S 

"""""" CES~IPTI.OH _ .. ""--.. -.-.... ---~.-.. --~.-.... 

tl24228 'nIH SET UP aw<BDt 
tl2422C 'nIH T~t. EXCAVA.TION 
tl2422t.o 'n>H TtmN'EL SUPPORT 
'1242.2E ..... 1VNI<EL nT AND c:oteas S ION 

1+24221 ··1'O'rAL·· """"'L 
'2242l.A- E!.ECTP,QN SH..IE.LDINQ NICHE. 
U242.ll POWE..P. .a..t.COW 

1+24222 ··TOTU·· NICKES/J.l.COVES/CH..a.Io&E.J\S -'24223..\ SHAFT H0811.1:A.TIOW 
'242238 SHAFT SToT UP 
U4223C SKArT PR£-~IJ'T 
'242230 ....... T COLL.t.P. 
924223l: SKArT SINXlOO 
92422lF SKArT nJ1'I..HISHING 
'24223G SH.t.FT ClLUI UP • DEH08 
.2422lJi SHAFT to.HWAY/OJUFr 
24223.00 

• ...... c 
s>:c F SHAFT - SUP<F BUlLO 

24223.14 
• ...... c 

SEC F SHAFT - CONVEYING 

1+24223 ··TOTU· ... SHAFTS IUITS I STAIJ\s/HATOtES 
Z4Z2 •• 1' 

• .ute 
SiEC F EloE.C'TIU c:.u.. - ELECT 

1+24224 ·-TOTAL·· Et.r.CT1\ 1 c:.u. 
2422!>.13 • ...... c SEC r HECJW.llc:.u.. .. MEOU. 

1+24225 ··TOT'U .. • HEOlAHtca.L -
1+2422 ··TOTAl.-· SEC":"OR r - M%LEPOST 30.71 .. 25.7 
tl2423C niH T"' .... n EJtCAVATION 
t124230 T1iM TJm.'E.L SUPPORT 
tl2423E "'" TUNNEL n7 AND CoteaS$ION 

1+24231_ ·«TOTAL·· TtrnHEL 

11221554 

93240 

93240 
120512 

550632' 

5120019 

23171950 

2410352 
51489; 
)"'6821 

336:078 
392154 
242162 

634H6 
3591 

160;:';4 
235172 

120"887 
91ti!-4 

lS'78-:'8 
21tJ,U6 

2081832 
31397 

2302602 

2333999 

841;:825 

AAl:ONA sse PRo.J'ECT 
~ICc&>A SIn: 

""S L£\'U 0 ESrIHATE 
SU'HH.I.P.Y COSTS 

BUIl.OINGS L.UlOI\ 

.~ .. -.-----... -
SURFACE 

2338"0 
32f135122 
18250051 

'90983 -----...... _--
'333"184 
1049082 
126'5" _ ........ _-----

1'77!>'36 
1'7'96 

95136 
.20 

1941'9 
1'7"0988 

535PO 
1052!.2 
12'336 

4"20 
144'0 ---... ------

.'620 2362'." 
550'327 2302604: -------- .. -
'50'321 2302'02 
12'804 3'248 ------ .. ---
129804 36248 ----------

$682751 1281094 '7 
4fie'20 
1!>8)19 

9187e ---_ .. _--_ ... 
71921 , 

State oj Arizol/a. Maricopa Site. September 2. 1987 

£QOtPKDf'T HATEJU,.U. 

114411 

933iO 

'cooo 
2C'CC!5 

h:'6S 
313-'27 

57ii60 

EOUIr~':' .-...... -~= 

4'615 

4'U.5 

'cooo 

1533iO 
!!o3';!1 

3:'3n1 
"~OJ 

if ;'03 

5340;:0 

10''4 

49UGS 
lOB"'S9 

23919 

361iU3 

3"'''' 55196 

61,,135 
"86268 
1,i', 
66-414 

9433151 

1'000 

2U'1230 
1071 

1812422 

Ifl800~3 

8;:e9030 

KAT£Ru.L 

2'28.5 
1120903 
5'6e'49 

'4059 

i8i88S16 
96138 

159262 

2!!>400 
60738 

481'22 
llS'H3' 

HUI 
45404 

457438 

1'000 

2.53648 
187.24':2 

1'1.2422 
"'30 

'430 

1!28o;10, 
1194e, 
'6)30' 

'4';0 

I!IOt216 

OVEJ\HU.D 
, PROFIT 

20';''''-

JOfl' 

3i"'H60 

1826'4 
33lEi20 
344H 
U233 

210510 

!36iH 

4'83eeo 

O~ 

• "p,orI':' 

10172122 

10112'22 

31'78 

140'10 
4'34'6 
l'~lo 
11SC2 

10.5'10 

,.540 

815152 

14636 

1463' 

11002500; 
f23US 

923. i5 

TOTAL 
DOLLA.RS 

666~' ... -
3,'10465e 

40C-U 

428620 
29!'HO 

7:';:80 
29421J 
160":24 

1151.0:15 
23:~P5 

203:;'"" 
2-0!;:5 

136.a9"' 
93;40 

100';00 

596342' 
.23H211 

9U5CiS 

102']"~Ci 

21685:93 

TO'l'll 
OOL:.AP.5 .--.. _:0:-

2~HS5 

145'77546 
1513658 
lCSSC'42 

... _-- ... -----
2340501 

11452;0 
865816 -----_ .. ---

203:'C36 
14-:' .,.., 

951H 
;20 

863126 
14CO~VO 

l:loT)1 
16::.5e 
'8;)84 

46620 
100:00 -----_ ...... -

5'J!4a1 
PHS:'1e --_ .. ------
ttii5C~8 

451C~1 _ .. _-------
2~~::;;:~ ----------

41320(23 
l!1:24:H 
84142' 

'6298 --- .. --_ .. --
2452428 
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UU:ONA sse PJltOJECT 
toJ'.ICOPA SIn: 

.... S UVEL 7 ESTIMATE 
Sf.."l+UoJU COSTS 

,",S OVE.NiL>.D ronL 

"11MB"'" D£SC1Ul"TION .UILDINGS LAl!OP. £QQIPHDrt .... TEI\LU. , P~CFIT ""LURS 
______ . ---._-------------- -_ ... _ .. _--- ~.-

. __ .. _ .. 

SUJU'ACE 
'22.2).1. El.£C'n\0tI SHlE1.0I1fQ NICHE 51U10 .4~2' 56103£ 
')242lA POWER J.LCOVE 311930 5U"'e 3"79!O6 ---------- ----------
1+244:32 ··TOTU .. • H Ic::tIES / ALCOVES / CHAH8EJ\S I:U'"140 104104 '.08H 
'244:33.1.- SHAFT I«>BIl.I:t.a.TION 34115 .31.0 1431el '541e :U'"'C4 

. t242.J3S SIIJ.FT SET UP lJU"7' IJ£11tj 
,Z4233C SHAFT PU .. C;:P.oUT .20 ~20 
'242330 SHAFT ceLLAR Ui18!O 2548"7~ HO'l 4U"e50 
'1:44:33£ SHAFT $INJ{ING 13'"16653 111173. 3'2139 2B~Z531 
'l413)F SHAFT FtJ'RNISHING "DOl ,,'365 1:51:21 1105e7 
'l42.)3G SHAFT CI.UN UP , OEMOS 105252 50leO 32275 18"''''01 
,2.42.3lH SHAFT to.tnu.r /OJltlrT 241332 3"U62 USl' '8 ;613 
24,,33.00 S AJ\e SEe a SHAFT - SUIU" BUILO ""20 406';0 
24":33.14 S AJ\C SEe a SHAFT - CONVErING 144'0 '0000 1'000 ,540 10vO(') ---------- -.. _--_ .. _--
1-+.24233 ··TOTAL·· SHAFTS /£:UTS fSTAIP:.SfHATOiES ""20 21',1lU 1533.0 2004906 '40203 5013901 
24234.1i S AJ<e SEe C £L£C'I!lICAL - ELECT 550'327 2302602 31312' 18"';4':2 '99501e -- ..... ------ -_ .. -------
1+-24234 ··TOTAL· • £LECT'P.I Cll. 550632"7 2302602 313727 1912422 99950,8 
24235.15 • AJ<e SEe G MECHANICAL -MEotA 12"78.6 35..737 ""750 90'4 14431 2.5J3!H ---------- -_ .. _------
1"'24235 • "'"TOTAL·· HEQU.NI c.u. 12"78'8 35231 "'50 90lli4 144~? ;:533.56 - _ ... _-_ .. ---- ----------
1.2423 "·TOTA.L· • SECTOR C - HILE.POST 25. "-20.' '680815 '0'2585 533861 41Uil~ 151a635 16 'Ii 5.5 .. 13 
9124.z4C TBH T1JNNE.:' EXCAVATION 2084756 427780 3 .. 40110 5S'5';"646 
9124;:40 TBH 'TUNNE:.].. S:;PPCP.'T 5011 t4 2"'114 31,13"8 
tlZ"24£ TBH T1JNH£l. FIT AND COHKISSION 333807 2l1IU 3549 ;Ii .. --------- ..... __ ..... -.. _-
1+24241 ··TOTU·· T""""L 291'151 3115083 3440110 9-4"74!150 -'22424A E.LECTP.ON SHIE.:.DING NICHE 398090 3'02' 435::'16 
.32424A POWE.R ALCOVE. 2''7372 'U04 32"'1,6 ---------- .. _--------
1+2"242 ··TOTAl." • NICHE.S /UCOVES /CHA!eEJ'.S "5462 .,a30 i62'::92 
124243.A- s.....-r MJ9IL::ATION 3591 .3390 121476 73'1'6 4:92233 

U.IZONA sse pp.OJE.C'T 
tQ.P.leOPA SIn::. 

us :..EVl:L .., ESTIHATE 
StJlooeU1cr COSTS 

WBS OVU.HEAD "rOTA.!. 
Nt»eU. DESCRIPTION BOII.DINGS :u.»OP. EQUIPKDfT .... T£J<u.I. , PPCFIT c;.o!.l..AJl..s _ .. -_ .. ---------_ .. _ .. _---_.- _.c . .-... _ ... ____ ._a= __ z:.==-._ 

SU]U"ACE 
924243& SHAFT SET UP 56752 5,"'52 
9,;C243C SH.U"'T PPX-GP.oUT le40 184O 
9242430 SKA.F"'T COLl.J.P. 1UeeC 56,8'7, 124841 8SheO 
.24241£ SHAFT SInING 3"395 4~0833 1344.0 931"'16 
J24243F SHAF'I' FUP.N::SH:NG '12'9 ,074' 2352' 1455~5 

.24243G SHAFT C1.£JUI UP , DEHOB 1052'2 ''1634 307"76 11..,,,2 
9Z42 .. 3M SHAFT to..NWAY/OP.IF"I 26"24 e80510 19860' 1)4e841) 
24243.00 S ARC SEC H SKA.F1' - SURF BUILD "'20 4"20 
2.2'3.14 S ARC SEC H SKAF"r - CONVEYING 14460 60000 1,o00 t~40 100000 -_ .. _------ ------_ .. --
1 ... 24243 .... ":'OTA.L." SHAF"T' /u.:-:S lST.\IP.S/HATCHES 4":'0 10511'" 1533,0 21110~e 511S5~e 39~""e19 
2.244.1' S ARC SEC Ii. E.l.ECTFlIc..L.L - ELECT 550'327 2302,o2 31.372'"1 1172 .. 22 9iBO'18 -----_ .... -- --_ .. -....... _ .. 
1.24244 ··TOTAL·· £.l.ECTJ\I CAl. 550632"7 2302'02 313'2' 187;:422 tiill50i6 
24245.1'5' • AP.C SE.C H KECHANlc.u. - H£OI.A 202897 50':'53 114850 1222~ 21340 402069 ---_ ... ----- -.. _ ...... _---
11024245 ··T01'U"· ICQU.NICU 202897 - 50753 114850 1222. 21340 40;:0,9 -----_ ... _-- -... ------_ .. 
1+2424_ ·*TOTAL-· SEC'fOlt K .. MIl.£POST 20. "-15.7 5755 ..... ,U"4' !Jel967 '20'6042 405'"1008 2,,";:207 ---------- _ .. _-------
1+242_ • ·TO't'U"· SOUTH AP.C - to&' 15. '"15-35.'8 2283148' '42""103 222.134 315en'9 2132.2031 11225]n' 

t12431C 1'8" TO'NNEL EXCAVJ.TION 2398""1 •• 5.1 "1425 "6aee' 
1124)10 TBH 'I't1NN'E1. St..'PPOP.'I' 5,,64 3100'4 1'90,<:8 
112431£ TBH Tt1lINEL F:-r A.."m COM:aSSION 430Z0 2730 45;~O 

91243U CUT , CO'l,"E.R 'Tf.."NNU. EXCAVATION 443e 5'215 I .. n '51144 
tlZ431Y CUT , COVER 'l'\."'NNE!. BAo::rILL 1823"7 5268' .929 10853 
111431:' CUT , CO\'"E,R TtJNN£,:. PIPE 117716 750eZ 5,,70 :50538 
912.31W CUT' CO\."ER Jl.EVEGETATIOH 2'21" '5~3 32",,1 --... _------ --_ .... ---_ .. 
1+24311 ··TOTJU.·· TUNN'£L 4 e.;:::u , 1e3983 )8&59, 5540" lEOeUi 
tZ243U.- EUC'T?ON SttlZ.!.t)INC tlICRE, '3370 .130 102:JO 
J3243U POWE'.P. .u.COV'E ''''!H 1'''4 i1660 
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MIZONA sse PI\OJECT 
KUlICOPA SIT£. 

n. LEVEL 7 E.STIMATE. 
SllMW'1 COSTS 

.... S OVUHLUl TOTAL 
NUteE.P, DESc::RIPTION aUILCINGS ..... 0" EQUIPMENT ... nRLU. , pp.orIT OOLLAP.::i _ ... -- .. _-.-_._ ... _ ... _--_ .... -_ .. _ .. _- ----_ .. -_ .. _---

Stn\FACE ........... _ ... ---- .... __ ... _----
1+24312 ··TOTAL·· N I CiEs,I ALCOVES I CH»eEJl'.s 1'8066 :5"14 In,eo 
24314.fi &. CONNEC V £l.[.CTJUCAL - ~I.ECTR 15t0541 ,,,.zSe t0315 541002 2ee"IH -------_ ... - ----------
1-4,24314 • ·TO'TU,· .. ELECTRlo.l. 15110541 "S258 1I0)! S 541002 268"l1ti - ...... _ ......... -- .. - ----------
1+2431 .. ·TOTU·· CONNECTOR V ... MII:£POST 41. 52-4 15905.1 1315'40 2'74~"e .5531. 5~40Ei9 46e~d63 

'12432X"' CUT , COY'E.R Tt..'ln.'t:.L £)(CAVA7ION 1'43,) 2l0-e2 333!-O .nl~ti2 

'12432Y CUT , COVl:R 7t1lJN'£.l. BAa::rILL "5284 21~"3e 40"143 33l '765 
912432:- CUT , CO'W"E.R Tl1NNEL PIPE. 588931 31~4C'a 2e8350 12 5':~ t'! ~ 
91243211f CUT , COVER P.EVEGE7ATION 1310'" 32iU 16364 S 

... _------- .. ----------
1+24321 ·"TO'I'AL"'''' Tt!N!<EL '81645 U!9l6 1310'6 3i15~11 2019dU 
'24323.B - SHAFT SET UP 560'4 5o.Jti..: 
9243230 SHAFT COLlJJ\ P;;180 44iU5 lUZ33 64014 3 HI':::' 
924323£ SHAFT SIHJ(ING 156332 ,.:til9 40)86 26933-
'24l:23F SHAFT n..'RNISHING il196 i045 3ze4 19S25 
12.323G SHAFT "".LAN UF , DEMOS 52626 21320 l!:I411 8135-' 
'24323H SHAFT HJjlliAY IORlrt 83202 191250 55,00 33')~l 

.. _-------- ---------. 
1+24323 • "'TOTa..L"'· S H.AF'T S /E.X17 S I STAlkS IHATCHES 44 uoo ."~5 4944'7 1"'eH~ 116 ;1-5"' 
,,434:4.16 E CO"'"NEC X E.l.LCTRI CAL - ELECTR 15110~41 '65;:58 ge3l5 541002 ;:86"U,6-----_ ... __ .. ----------
1+24324 .... TOTAL·· EL.E,....-rR!CJ.L 1590$41 6'5258 90)15- 541,,)02 ,iSS"116-
2041325.1'! E COlfflE,C X O£C/WIlc:.t.L - ta:cIW< 36364 11097 17415 27·U .3-" 'HU ---------- ----........ _--
1+24325 ··TOTAL·· MEQiA.NI CA.L 3'364 110'" 17415 2'746 43:6 7Hill - ----...... ---- ----------
1+2.32 ··TOTAL·'" CONNECT<:I\ X - MILEPOST 40.25-' 1'26905 IBOHOO 9663~) 1169291 518582 6148731 
912433X CUT , CC\."E.R Tm. ...... 't:.L E.Xc.a.VATION 23386 29£=:1 iI U"74S 3'434 Ii 
912433'X' CUT , (X)\1I'.R Ttrt-n.-c. BACl'i:FILL 96280 21eC!1 52406 4267)i 
'12433Z CUT , CO""E:.P. 'Tum."E.L PIPE '28193 40005 3C"'S"'3 1330.20: 
112433" CUT , COVER P..EWC:Z;TA~IOH 139815 349!4 11.169 ---------- _ ........ ------
1+24331 "·TOTAL"· TUN><EL 74785. 974iO!! 139815 43908 230.z0S; -

ARt:'OHA sse PROJECT 
HlP.ICOPA SIn 

ns LEVE:' 7 ESTlMA.TE 
st.."ttiARX" COS'rS 

WBS OVEN<UD TOTAl. 
NUHBU c:r.SCJUPTION BUILDINGS LAB~" EQUIPKD::"r HA1"E.R:a.I. , PMFI'! OOL:.A.P.s -----_. •• _____ c._ •• _~_._...___=. ._.-._ .... =_ ••• -_ ... --- ------=== 

SUJ\F>.CE 
.24334.1' & COKNEC Y &LECT1Uc..u. - EI.ECTR 1590541 "5258 903!5 5UOO:2 288;11' ----_ ....... _- --_ .... _ .... --
1+24334 • "'I'OTu·" El.ECT1\ICI.L 15,0541 "525e .0)15 $41002 268"'116 - ---------- --_ ....... ----
1+243' .... TOTU·· CONNECTOR Y - KII.£POST ]8. ,5-] 15'0541 1413111 1065020 660e17 43""8 51~U '"1") 

112434B ~ SET UP <:><AMBER 10143. 11401 11:6040 
912434c TaM TtlUNEL EXCA· ... J.710N .2~U5 86791 '8024 Ii 119H85 
912.340 ~ TUNNEL SUPPORT 153191 55H31 il:!.2~ 

t12434E 'J'BH TUllNEl. "7 .I..NO CQt4oC[ S5 ION 75'81 480. e0496 
tl2434X CUT , COVER 'TUln."EL £)(CAVATIOH 15632 lUOO7 29So09 24 3~4a 
tI2t HT CUT , COVE!". '!'t1NN'E.L !-AOYILL '0126 115656 3300~ 266ilJ: 
tl2.3oC:. CUT , COVl:Jt. TtmNE.L PIPE 2'4835 175:'90 1345', 580ea 
912434" CUT , OOV£,l\ I'I.EVEGETATIOH '1170 152'3 7'4 ti3 ---------- --_ .... ------
1+2.341 ·-TOTAL·" TUN><EL 1103554 548e!3 725602 an024 3271233 
'22434"'- EUC1'I\ON SHIELOING NICHE 7"'~6 '984 e1680 
1l2434A POWE'.JI. UCOVE. 3i348 8492 .!l840 

..... --_ ..... --- ..... _-_ .. _ ..... -
1+24342 ·'"'TOTU· .. tfIOIES I u.co·.n:s /CJf..A.!oEERS 112044 15416 12-520 
24344.11 &. CONNEC z El.ECTRICAL -,,= l!1~0541 "5258 90315 541002 26a"'l16 ----_ ... _--- ----------
1+24344 "·TO'I'ALoi • &I..EC'T1\Ia.L 15'0541 '65258 9~315 541002 2EU"'!!' - ---... ------ --.......... --_ .. 
1+2434 ·-TOTAL·· CONNECTCI\ • - MILEPOST 37.22 .. 3 l!l90541 118085, ,3UES 1282280 InCl4 62E!5e61 - ---------- ----------
1+24'_ ··TOTAL· .. lUST CLUS~ -HP 10. 01-1S. 75 6398528 6411213 29"640 40e'''Ol 2"'535~ 22313'36 

tl244lS ....... sn UP <:><AMBER 10143. luot 11=:840 
Jl244!C 1BH TUllNE.L LXCA ....... TION 782531 144130 13'OC23 22~ua4 

9:12441::> TBH TUIINEL suppeRT 262151) 110979 1133138 
Jl2441.:r. mH TUNNEL FIT &.NO C~SSION 108354 ,a8e 115'; 42 

_ ... _------- _ ... _-------
1+24.12 "*TOTAL·· TUNNEL 1254463 1033398 13'0023 3'. "~O4 -
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( 

,Ut.I::OW:A sse PROJr.CT 
t4U'.ICOPA SUE 

.". lLViOL 7 E.STlKATE 
~y COSTS 

."S OVU.HE.A~ TOTAL 
NUte"" DES<::1tll"TION eUIl .. .oINGS t.QOR ~IPHDlT .... '""'tAt. • l'p.or:T OOLUP.s __ a_ ... --.. -... -... ---_ ... _-... . __ .. -... -... -_ ... _ .. 

• ....... cs.1lO •• 

SURFIott 
,2244,U ItI.I:CT1<ON SKIEt,cntG lUCRE 130116 12222 142940 
tl244U POtfE.R ALCOVE 93310 21Z30 1146\~') -...... _- .. --- ----------
1 ..... 24414 ··TOTAL- • "101£5 l.u.cov&s /CJtAH8EJ\S 224088 33452 2~1!O40 
24U6.11 • cotnmc Q EI.EC'nUc.u - EI.ECTJO. 1108854 '?03889 13229 S9823. 310.a~Oti ----.. -........ ----- .. ----
1+24416 ··TOTU·· E.LECTRXca.x. 1108854 703869 t3z,29 5U;:34 31C"2l"lti 
2Ul1.1'! • COHNEC Q t«.CKANlCU - H&CIWl 1306519 16·U29 254741 243~5' "'~5S1 15(10~H ---------- ----------
1+24411 ··TOTAL·· - HEdWllCAL 756519 1'.629 254:·4.1 24 J 556 79551 150/)996 -.... ---_ .. -- ----------
H2441 ··TOTU·· CONNEC7'OP. Q - HIILPOST 15.15-1 24'73"73 234"089 )."'no 19"e640 143j,S-'C 8510647 
912.44;:C tBH Ttmm:L LlCCAVATIC'N 109"U 1":'5 .. 11 223HS, 3~115": 
9124420 'I'IN't TtrNllEL SUPPORT 19lEi33 99.2:) ~laH'::;6 

tl244~ TBH TUNN'£L FIT t.NO CONaSSlOO 118701 1539 1;~=-46 ---------- ----------
1+2442Z - -TOTU·· TlmHEL 1406984 1:' i5023 ,z23ige, 48.<:199-4 
922ua - ELEcrnCH SKI:EX.OING NICHE 130118 12';::!2 14,,9-4C 
.32442.a. POWER ALCOVE !;.3)70 21130 11"'''0 ---------- ----------
1+244 ;':4 oil-TOTAL·· NIOiES I.u.cOVES ICHA!'EERS 224088 334~2 2~"~-4 C' 
1i12U25A-- SIlAFT t«)BII..::::'ATION 1196 46U5 '0138 31818 1411Ci 
12U2!oB SHAFT SET UP 5'O~" S6064 
924-4250 SHAFT COLUR 9038-4 135U5 ;6136 2520:' ~ 
924 44:5£ SHAFT SItnt.1NG 51520 515':0 
.24425F SH.AF"T IVP..NISKING 2'588 24135 112"4 62997 
t2U25G SHAFT c:t.F.AN UP • DEMOS. 13800 13bCO 
,.z4425H SHAFT KUlWAY/ORIFT 141302 2893&1 521":"4 482863 ------ ... --- --...... ------
1+24425 --TOTAl.· .. SIW"TS lal TS I STAlkS lMATCHE.S 382454 4U95 50a755 12146;: 106o)fi6 
2"'26.16 • COllNEC "- ELECTtUc.u. -&u;crn 1614594 673'8ti 90-412 551888 2930!-BC ---------- -- .. -----_ .. 
1+24426 "-TOTU·" Et.E.C'TP.ICJ.l.. 1614 594 '''7366ti 904:'2 55'le86 29)058e 
2442'7.15 • COtlNEC It HECHANICAJ. - HECIWl 756517 164627 254:.2 24.3549 861 ~~ 1501614 ---------- ... ---_ .... _--
1.;,6421 ·-TOTU"· HE.OWl:tCAL 1~a517 l.U6;:7 254'742 243~4 9 e61,9 1507614 -

MIZON", sse PROJ'ECT 
HJr.P.!COPA. s:n 

WBS LE· ... "EL 7 ES:-lHA.TE 
s."....,.y COSTS 

."S OV£J>J<EX> TOTU 
NUHBU OESQ\IfTlON BUILDINGS USOR EOU!P~ KA. n:.P. r.u. • PP.OF:T OOLL).RS ---_ ... ____ •• _ ••• _ ••• ____ •• z __ •• ._s .. =.,. .... ,.== ••• __ =.a-",",a 

.~:.a:':= •• 

SIJRFACl: .. -_ .. _----- .. -.. -------
1.::442 ·~TAI.·· CO~ " - MILEPOST 14.31-1 2.3'3111 2851839 191U9 25136'7 2453'':18 10584094 
n::44'lB tBH SET tIP C>W<8D\ 101439 11401 11.;:64 ::. 
tl2443C m>< ,""",,-L EJ(CA.VATION 331258 54331 '9991£ 10e~!-6~ 

91.24430 tBH T\1NN£L $U'PPORT 183914 3:")8'74 .. ~7e" 8 
fl2443E TBH TtJ'NNEL FI'T >.NO COHHrSSION 43020 2130 45"'50 
'1244 '3X C<1T • COVE.R n..'NNEl. EJC.CAVA.-::OO 18101 2,25:;:"75 3"~3J 262" ~f-
9l2443Y CUT • COVEl'. T1..t,mt:.L 9ACKFIl.L '14081 2::'4!~'3 4035'3 32.65e~ 

tl2443Z C<1T • COVE.P. TU1nl'E;. PIPE 471145 30C)26 2306&C 10~21 ~l 

912443. CUT • CO'w"ER PLVE-GETATIOW 104818 26.10'5 1310:3 
...... _------- --.. --_ .. _--

1+24431 ··,:,OTa..t.·· TlmHEL 1223018 "74n54 48 7 154 10)18" 34e5~il 

922443.1.- .EJ.EC1"Jf.OH SHml.DING NICHE 31348 3492 40840 
.3.2443A POWl:.I't Al.COVE 37348 8492 4584(1 ---------... -----_ ... ---
1+24432 ·-TOTAL·· IfIOI:E.S / .u.cOVES I c:.tI.A.H8D..S 74'96 11984 666eo 
24434.11 • co""'"" • ElJI.CTIUCI.!. - E-UCTR 1590541 "5;':58 tOllS 541002 -zeellU 

... _-------- -_ .... -_ .. _--
1+24434_ ··TOTAL·" aucnuc.u. 1590541 '65258 )0315 541002 288"7116 --_ ....... -.. -- --.... -_ .. ---
1+244, -·TOTU·· """"""""" • - HIlLP'OS'! 12.88-1 15i0541 1i'-Zi12 .34:)" 1040140 1031e6£ '4! 958"7 
9l2444X C<1T • COVD". T't1NNEl.. &.J(CAVA':'lOH 1'''2' 21:.e,~ ).lOO3 2cO.!;H 
tl24441 CUT • COVE.l\ TI.."tmE.I.. aACJ(FXLJ,. 74.0d2 2:"1458 lHl"l'€ 3~55:' Ei 

t124H:. C<1T • CXlVD\ Tt'NllE.L PIPE '28193 40~4l5 )0"75""3 1) j6';: CJ 1 

91244 .. " CUT • COVQ. P.E.V£.GE:'ATIOM 13'815 3495-4 1 'l'4~61 .. _ .... __ .. _-- .. ---------
1·24441 ··':"OTAL·" T\1NN£L 719002 82)"758 139115 4145C.~ 20pcec 
24444.11 • coNNEC T £I.ECl"IUCAL - EUC'TP. 15i0541 '65;':58 ge31S 541002 288"7U6 -------_ .... -----~----

1+24444 ··TOTAL"''' 1E'l.EC'n.1 CA.L 15~OS-4l '65256 SI~315 541.002 28Bi:U, - ---------- - .. - .. -----~ 
1+244 .. _ ··TOTAL .... ~T -MIl.l:POST 11.45-1 1S-SlCS41 1384260 .14:"73 ,,081 '7 414 50~ .. 9841 i6 --... _------ --... -------
1+244_ ··T'OTU"'''' CST Clot.lSnI'. ... .... 35.78-41..52 e0215" 8S4U5i 2 .. e"'~u &:..432&5 533.5"73 305365';4 

f 
\. 

State of Arizolla, Maricopa Site, September 2, 1987 Volume 3, Page 15fj 



&s 
NUHIOEJt DE.SCI'IPTlON 

24fl1.01 ".0 PtJtC>/COM>,..ES - COtG>OSITE 

1+24 '11 ··TOTAL·· &40 PUHP/COfGI'J\ESSOp. 8UIWING -
1+';4'1 ...... TOTU ... • NORTH ~ a.YO FAC 
24621.01 ~o PUMP /COfoF us - COHPOStTE 

1+24 '21 - ...... TOTU* ... E40 PutG'/~SSOI\ BUILDING 

1+24 '2 ...... TOT,t.L ... • SOUTH ARC Cl'YO rAC 
24':n.0l Ja\ PUMP I COHPFlLS - COMPOSITE 

1+24631 - ··'rOTAL· • xp. PtJtG>/COIG'RESSOR BUILD!NG 

1+':4') ··TOTAL·· EAST cx.USTEJ\ Cl'YO rAC 
24Hl.Ol M P UK' / COHPRES - COtG>OSITE 

1+24641 • .. TOTAL· ... IU\ PUHPlCct1i'RESSOR BUILDING -
1+24 • .4_ • -TOTAL ... • WEST Cl.US'I'ER CRYO rae 

1+24' • ·TOTAL·· atrOGE.NIC FACILITIES -

1-+24 • ·TOTAL"· COLLI'CID. RING 

25131.02 H>.LL 'Y T1l"E B - SIn ~ 

1·25131 ··TOTAL· ... COLLIsION K>.LL -

""S 
HlJHBU. DESCRI.PTION _s ___ ==_ .. --.--------. __ ... ---

25137.1' HJ.LL 
• £I.E 

ns .. ELECTlUCA.L 

1·::5137 ··TOTAL·" ELEC'l'JUa.:.. SfsTE.H 
25138.1!' HALL • HEe 5YS - HE.CHANICAL 

1+2'131_ ··TOTAL ...... tc£:C:&UUCA,L s'ys'I'EM 

1~2513 ··'l'OTU·· ru'IU!\£ COLLISIOH/Acc:ESS HALL. 
25141.01 HALL • - COMi>OSIU 

1+,,5141 ··TOTAL ... • COLLISION K>.LL 
25H1.16 IIAl.L • r.1.£C ns .. E.I.£C"nt I CAL 

1-+25147 ··TOTU· ... UEeTRICAL STS:'EH 
25148.15 HALL • HECH s'tSTDf 

1+25148_ ··TOTA.L·· HE.CK.A.N 1 c:t.I. s"J'STDC 

1+2514_ ··TOTAL·· I't1TUM (X)UISIOll/Ao::::ESS KA.LL Z 

l~;:Sl ··TOTAL-- EAST Cl.UST'EJ\ .. £XP FA.CILITI~s -
254:11.02 IIAl.L s TTPE ... - SITE wrc:.ut 

1+.25211 ··TOTAL·· COI.L'XSION H>.LL 
25.217.1'6 IiAl.L • E:.£C su - ElLC't1'Ic.u. 

1 ... 2521 "1 ··TOTAL ... • EI:&I::TIUCJ,.!. nsn:M 
25218.15 IIAl.L s ""eN .YS -HECIl»{ICAL 

1 ... 2S218_ ··TOTAL·· "'QQ.Hlc:a.L 5'YS':'D( 

1 ... :521_ ··TOTAL·· FOTURE CO:.l,.ISIOU/Acc:z.SS fUU.L S 

AP.I tOfU. sse PP.OJ"£CT 
MIU'.ICOFA SITE 

was LEVE.L 7 ESTIMATE 
.uHHAP..Y COSTS 

aUlLOINGS 1.A80R 

2285472 --_ ... ----_ ... 
2285472 ----------
22e547Z 
Z2e504~2 -... --------
22e547~ --_ ..... _----
22854"2 

832104 -... ------_ ... 
832104 ----------
e:!2-104 
832104 --_ .. ------
832104 --_ .. --.... _-
832104 ------ .. ---

'235152 

----------
'071'289 73011425 

13334832 ----------
13334832 

).R:::ZONA. sse PP.OJ'ECT 
HJ.fI.rCOPA SliE 

"'5 LEVEL 1 ESTIKA.TE 
:stl><HJ.Ry COSTS 

BUILDINGS ...... 01' _--.-.. _ .. __ ... 

SUl\FACJ: 
788350 3'57'1 .. --------
7ee358 3'5771 
'2U92 24853' .. ---------
'29992 24853' 

... ---------
14"153182 '14307 
13334832 ---_ ...... _---
13334t1)2 

7883'2 3'5773 ------ .. _--
1'83'2 3'57'7) 
'29992 2U53' ----------
'29992 248536 ---------

147531'6 '1430t --------... -
2950'3'8 122U1' 

1133-4832 --_ .. _-----
13334832 

'8e3'2 3'5773 ----------
788362 3'5,173 
'.2ii92 24e~3' ----------
629992 248536 ----------

1475318' '1()O9 
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12123038 '042i229 

£QUIPHE:NT HA.TE.P,U,l. _____ cc 

27529 14.;tI'''' 

21529 14.4'897 
2t5~4 10g08 

2.554 10908 

'7083 21380S 

27'30 14289& 

27530 14289' 
2S15'4 70908 

2'554 ",o,oa 

5'084 213804 

1141'''' 42"Ot 

2'530 14289' 

2":'530 14;:8.' 
2B54 'OioOI 

29554 '70908 

5"1084 213804 

OVD'.KE.A;) 
, PROFIT 

3S135a601 

OVEJ',HLt.:> 

• PP.C'F::-

73290 

"13290 

7l~SlO 

73290 

7)290 

"3290 

14,5'9 

732S10 

'7)2iO 

73290 

':2a54"'2 
2..::e54"2 

.-:.0: a 54 ";z 
832104 

834:104 

832104 

'235152 

~45'J8586 

1333483.0: 

13334832 

T07JU. 
DCL!..I..P.5 ..... _.:s ..... 

1324S5~ ----------
13=-455~ 
105'::'::80 ----------
10~Z2eo ------_ ... --

lS"l1U" 
13334631 ----------133)48); 
13245'1 ------_ .. --
132(561 
10~.o:280 ---_ ..... ----
1052280 ---_ .. _----

lS"'1U"3 ----------
114~3339 

13334832 ----------
13334:J';: 

13;:4561 ----------
13;:4561 
10!l;:260 ----------
10S;2eo ----------

15"11,73 
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AP.I!.OtU. sse PROJECT 
MaJUCC:S>A s:.tt 

... 5 LEVEL 1 EST:HATZ 
S~Y COSTS 

,",5 

N"""'" DESCRIPTION BUILDINGS LABOR 
_____ a 

~~ .. --.--------~~ -------.. _--. 
SUP.FACE 

25221. 01 IW.L T TYPE • - COMPOSITE 13334832 ............... _ ... __ ... 
1+25221 - -TOTAl..-" COLLISION H.U.L 13334832 
2,,22'} .17 IW.L T£L£C stS -E.I.U:T1'I.ICIJ. 7S8362 ....... _------
1+2!1221 - -TOTAL"" El.EC'W.ICA.L SYSTE.H '7e8362 
252.28.15 HALL T 14£01 srs .. HEClUNlCA..L 6)0342 ----------
1+.25228 • "TOTAL"" - tt£<:>U.H I c:.u SYSTU1 630342 

----------
1,+2522 • -TOTA.L·" - FUTIJR£ COLLISION/ACCESS IW.LT 14753.536 ----------
1·252 ··TOTAl.."" IlEST CLUSTEJI. - - E.XP rACILITtES 29506'22 

---_ .... _---
1+2!s • "TOTAL·" EJCPEJUH:E:NTAL FACILITIES .59C130iO 

Sy S1'EH I ' P 12 ' P.ELE..t.SE 

THIS Rt.'"N HAS BEEN FULLY ACCCfJH'TED FOP. ' UNIOFAZ ' 

18J'UX.87 OVE:.RA.Ll. ElnRY 109' MONnt ENTRY 221 

EXECUTION 

CPO SECONDS 

.. tIN 
543.95 

u.s'!' IN:-£P.V1..L 
!43.9.5 
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3"'}13 

365"73 
24e1Hi 

2HJ~C6 

61451i 

1226528 

245"7, 44 

OVENILt.D 'reTA].. 
E.QOIPtiENT MU' .... 1AL • PP.oFIT OOLL.A.P..S -_._---- --_._-.. 

13334632 ..---.. _----
13334S32 

21530 14:89' 13:4561 ----------
Z"!lJO 14ZeU 13.<:4561 
29Se" '}0936 '334' lO~.a5; ----------
29Se 1 'l093' "3346 105":-957 ----------
5i1l1 213832 "3346 15712350 ----------

114;:0:' 42~'3' 1·46'3, 314;:40'::3 

-_ .. _------
2283'8 6554:45 293215 £'::647362 
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2.3 Total Yearly Project Costs Summarized by Facility, Work Breakdown Struc­
ture Level 7 

This report details the total cost of Conventional Facilities Construction using 
the Central Design Group's Work Breakdown Structure. Costs are detailed by 
year and summarized by facility. This report can be used to develop annual 
project costs for comparison with DOE funding levels. 

1+21 Site and Infrastructure 
1+22 Campus 
1+23 Injector Complex 
1+24 Collider Ring 
1+25 Experimental Facilities 
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MI:ONA sse PRo.nCT 
tG.P.ICOPA 5tTE 

FACILITIES £STIMAT'£ 
YLUU.Y COST S1Jl+!.AJft. Y 

was 
N\JHl!EI\ D~SCI\IPTION 

1210000 SITE AND INn\AS1?-UCT 
.02121000 CONSTlWCTION SUPPORT 

IJAHU TO llo&ce t 

21210,00 ·"'TOTU·· CONSTI\UC'TIOH SUPPOIn' 
"2131000 tQ.IH CAHPUS UT11.11'l£ 

1.1Ud9 TO llDEce9 
l.1AHIO TO llCKeO 

21310.00 ··TOTA.L-. tQrN c~us UTIl.ITIES 
992142000 £.lLCl'JUCU DISTRaUT 

IJAH89 TO llCECeg 
IJANiO TO 310EC90 

21420.00 ··TOTU ... El.£C'TRtCAL DIsT7\IBUTION 
.;'2151100 lQ.T'ERtWAS'l"E WATEP. OX 

IJAN89 TO llOECet 
IJAN90 TO lloEC90 

21511.00 ··TOTU·· WAn:.R/"AST'E 8'l'E.Jt DIsT1\mUTION 
U2171000 AUX SYSTE.H.S CZN'E.RA.l. 

IJJ.lol.O TO 3ICE-CtO 

211"10.00 .·TCTU •• .lUX s'tSttHs GENU..I.L 
U21ellOO SIn:: WORl( '" CMG>US R 

IJJ.lII90 TO 31DECtO 

21611.00 ··TO'I'U"'· sxu "ORP: '" CAMPUS ROADS 

192210000 1.A.B BUILDING 

22100.00 ·"'TO'rAL·. LAS BUILDING 
9924:21000 H'W"'Y woP.JI:S BUILD I -

IJAN69 TO 310£ce 9 
IJAH90 TO llOECtO 

IJAH89 'I'O ]IDEe8 9 

SUP.FACE 
BUlLO 

164000 

"4000 

196)5000 
196)5000 

39.noooo 

1393750 
4181250 

557:5000 

10245000 

10245000 

128&2000 

1;8e2000 

181'99830 

139IH23 

ARIZONA. SSC "ROJECT 
KUUCOPA. S':':"E 

FAcIL:-:n:.s ESTIHATE. 
l'UJu.:r COST Stn+f.U\Y 

ftS 
H\JHl!EJ\ DESCRIPTION Ace pE;:R 
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IJAH89 'J'O 31DtteS! 
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PROJECT MIFP2 START 3JAN89 RUN 10JUL87 06: 51 
PLOT MIFP2 FINISH 17JAN92 PROJECT/2 
PAGE 1 SHEET 3 QATA DATE 2JAN89 SCHEDULE BAR CHART 
ARIZONA SSC PROJECT 

MARICOPA GUNG HO RING SCHEDULE MODE C/FE 
WORK PACKAGE DETAILS INTERVAL: 3 MONTH(S) 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON SCHEDULE ACTIVITIES 
~. . 

520 EXCAV & SUPPORT POWER ALCOVES 

600 SURFACE FACILITIES CONSTRUCTION 

810 EXCAVATE CHAMBERS 

1989 

M IJ lS 10 

[ 
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DATE 

. 

1990 1991 
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PROJECT SIFP2 START 3JAN89 RUN 23JUL87 07: 23 
PLOT MGEOL FINISH 17JAN92 PROJECT72 
PAGE 1 SHEET 1 DATA DATE 2JAN89 SCHEDULE BAR CHART 
ARIZONA SSC PROJECT 

MARICOPA GUNG HO RING SCHEDULE MODE C/FE 
GEOLOGY SUMMARY INTERVAL: 3 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON 
1989 1990 1991 

M I J 15 10 M I J 15 10 M IJ 15 10 

r- ._- _. --
I 

100 GRANITE - SHAFT 

105 ~ 

120 FANGLOMERATE SHAFT 

140 ANDESITE - SHAFT 

160 DIORITE - SHAFT 

170 MIXED ROCK SHAFT 

200 HARD ROCK - TBM 

250 MEDIUM ROCK - TBM 

275 MIXED ROCK - TBM 

300 WEAK ROCK - TBM 

400 CUT & COVER 

I r=------- ·--1 
I 
[-- -- H_ ----- - - ... ~--- --uJ 
I 

[ J 
I r -- -I 
I 

I 

r _ 

DATA 
DATE 

-.--- . ---- -- 1 

~ 
__ ._~ ___ n __ ._ ] 

MONTH (S) 

I 

I 



3.2 INDIVIDUAL SCHEDULES 

In this section examples of schedule details are displayed. Construction Unit 6 
is used to present the details of a typical Weak Rock Tunnel Contract. Con­
struction Unit 4 is used to present the details of a typical Cut and Fill Contract. 
Construction Unit 9 is used to present the details of a typical Hard Rock Tunnel 
Contract. Shaft E5 represents shaft development contracts. The Injection Complex 
construction is summarized. Finally, Shaft Construction is summarized by sector. 

Individual schedules are presented in the following order: 

Weak Rock Tunnel Contract #6 
Cut-and-Fill Contract #2 
Hard Rock Tunnel Contract #9 
Shaft E5 Construction 
Injector Complex Summary 
Shaft Contract Summary 
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MARICOPA SITE 
WEAK ROCK TUNNEL CONTRACT '1 : MP 5. 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON SCHEDULE ACTIVITIES 

o MODULE LINK 

300 GENERAL TUNNEL DEVELOPMENT 

320 SET UP TUNNEL DEVELOPMENT EQUIPMENT 

321 EXCAVATE AND SUPPORT STARTING CHAMBE 

322 ERECT TUNNEL BORING MACHINE 

323 EXCAVATE & SUPPORT TAIL TUNNEL 

330 SATURDAY MAINTENANCE 

331 EXCAVATE TUNNEL 

350 INSTALL FINAL LINER / CONCRETE 

351 PLACE SHOTCRETE 

352 PLACE INVERT PAVING 

380 REMOVE TRAILING FLOOR. FANLINES. & T 

510 EXCAV & SUPPORT ELECTRON SHIELDING N 

520 EXCAV & SUPPORT POWER ALCOVES 

MODE O/FE 
INTERVAL: 3 MONTH (S) 

1989 1990 I 
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MCUT2A A 
MCUT2A MARICOPA SITE 

SHEET i CUT AND COVER CONTRACT '2: ..., 5.0 -
2JAN89 SUMMARY H 0 R KIN G SCHEDULE 

i4MAY90 MODE O/FE 
SUMMARY BREAK ON SCHEDULE ACTIVITIES INTERVA • 

J 

~OO CUT ANO COVER - GENERAL 

~20 CUT TRENCH 

c -------

~30 STABILIZE TRENCH BOTTOM 

440 PLACE CAST IN PLACE PIPE AND STAB ILl 

445 PlACE CAST IN PLACE PIPE INVERT 

600 SURFACE FACILITIES CONSTRUCTION 

810 EXCAVATE CHAMBERS 
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PROJECT MTBM9 START 2JAN89 RUN 10JUL87 06: 54 
PLOT MTBM9 FINISH 16JAN92 PROJECT/2 
PAGE 1 SHEET 1 SCHEDULE BAR CHART 
ARIZONA SSC PROJECT 

MARICOPA SITE MODE O/FE 
HARD ROCK TUNNEL CONTRACT 19: MP 45 INTERVAL: 3 MONTH (S) 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON SCHEDULE ACTIVITIES 
1989 1990 1991 

M J I SiD M I J I SiD M I J I SiD 

o MODULE LINK ~ 

300 GENERAL TUNNEL DEVELOPMENT 

320 SET UP TUNNEL DEVELOPMENT EQUIPMENT 

321 EXCAVATE AND SUPPORT STARTING CHAMBE 

322 ERECT TUNNEL BORING MACHINE 

I 
• ' , ,I 

323 EXCAVATE & SUPPORT TAIL TUNNEL 

330 SATURDAY MAINTENANCE 

331 EXCAVATE TUNNEL 

350 INSTALL FINAL LINER / CONCRETE 

351 PLACE SHOTCRETE 

352 PLACE INVERT PAVING 

380 REMOVE TRAILING FLOOR. FANLINES. & T 

510 EXCAV & SUPPORT ELECTRON SHIELDING N 

520 EXCAV & SUPPORT POWER ALCOVES 
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PROJECT MSHAFTS START 2JAN89 RUN 10JUL87 06: 49 I 

PLOT F4 FINISH 40CT90 PROJECT/2 . . 
PAGE 1 SHEET 1 SCHEDULE BAR CHART 
ARIZONA SSC PROJECT 

MARICOPA SITE MODE O/FE 
SHAFT F4 CONSTRUCTION 320 FEET INTERVAL: 1 MONTH (S) 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON SCHEDULE ACTIVITIES 

200 SHAFT MOBILIZATION 

201 SET UP FOR EXCAVATION 

210 SHAFT PRE GROUTING 

220 SPUD / COLLAR SHAFT 

230 SINK SHAFT 

260 MAN WAY FROM SHAFT 

270 FURNISH SHAFT / COMMISSION. TEST 

280 CLEAR SHAFT & DEMOBILIZE 
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MARICOPA GUNG HO RING SCHEDULE MODE C/FE 
INJECTOR COMPLEX SUMMARY INTERVAL: 3 MONTH (S) 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON WBS SUB FACILITY BREAKDOWN 

12334 CONNECTOR Z 

22311 LINAC - TUNNEL / ENCLOSURE 

22312 LINAC - LEB TRANSFER TUNNEL 

22321 LEB - TUNNEL / ENCLOSURE 

22322 LEB - LEB TRANSFER TUNNEL 

22323 LEB - SHAFTS/EXITS 

22324 LEB - SURFACE BUILDINGS 

22331 MEB - TUNNEL / ENCLOSURE 

22332 MEB - LEB TRANSFER TUNNEL 

22333 MEB - SHAFTS/EXITS 

22334 MEB - SURFACE BUILDINGS 

22341 HEB - TUNNEL / ENCLOSURE 

22342 HEB - LEB TRANSFER TUNNEL 
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INJECTOR COMPLEX SUMMARY 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON WBS SUB FACILITY BREAKDOWN 
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ARIZONA SSC PROJECT 

MARICOPA GUNG HO RING SCHEDULE MODE C/FE 
SHAFT SUMMARY INTERVAL: 3 MONTH (S) 

SUMMARY W 0 R KIN G SCHEDULE 

SUMMARY BREAK ON 

o 
10 GROUP 1 - 20 FT DIAMETER SHAFTS 

11 GROUP 1 - 30 FT DIAMETER SHAFTS 

20 GROUP 2 - 20 FT DIAMETER SHAFTS 

21 GROUP 2 - 30 FT DIAMETER SHAFTS 

30 GROUP 3 - 20 FT DIAMETER SHAFTS 

31 GROUP 3 - 30 FT DIAMETER SHAFTS 

40 GROUP 4 - 20 FT DIAMETER SHAFTS 

41 GROUP 4 - 30 FT DIAMETER SHAFTS 

50 INJECTOR CONTRACT 
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4.0 TUNNEL COST ESTIMATE 

This section gives an example of the Tunnel Construction Cost estimating process. 
The basis of estimate is presented followed by detailed background calculations 
for each of the major sections of the estimate for Construction Unit 3. 

Tunnel cost estimates are presented in the following order: 

4.1 Basis of Tunneling Estimate 

4.2 Background Calculations: 
Rock Support 
TBM Penetration Rate 
Ventilation Calculation 
Haulage Assumptions 
Takeoffs 
Locomotive Calculations 
Haulage Calculations by Construction Unit 
TBM Excavation Progress by Construction Unit 
Excavation Summary 
Calculated Durations by Construction Unit 
Cost Input Sheet 
Cost Estimate for Construction Unit #3 
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Maricopa Site ....•. 8ASIS OF ESTIMATE 

See Excavation Summary sheets for method of construction access, direction 
of tunnel excavation, tunnel length and size, and excavation and support 
methods for each site. 

Finished diameter of tunnels is 10'-0". Excavated diameter of tunnels in 
soft rock is 11'-0"; tunnels in hard rock are excavated 11'-0" when antici­
pated to require steel set supports, otherwise they are excavated 10'-0". 

Except for short stretches, the tunnels all are on curve. 

The first 300' of every tunnel is excavated by conventional methods to 
provide a starting chamber for the tunneling machine. With shaft access, a 
200' long tail tunnel is also excavated conventionally. These footages are 
not deducted from the tunnel boring machine footages. 

Hard and medium rock T8M penetration is based on tests and advice from The 
Robbins Company. Soft rock T8M penetration is calculated from recent 
research findings at the Colorado School of Mines presented at the 1987 
RETC. 

T8M production is calculated using delay factors based on personal exper­
ience while Project Manager at River Mountains and Navajo 3 tunnels as well 
as on analysis of data from Patricia N. Nelson thesis. 

Hard rock tunnels are unlined, except in fault zones, which are supported 
with steel sets; a final lining of shotcrete is added to steel set supported 
sections after excavation is complete. 

Soft rock tunnels are supported with 
which form the final lining. Segments 
shield. 

precast, expanded concrete segments, 
are erected under a 240 degree tail 

Muck haulage is by rail. Locomotive size and horsepower calculations are 
made for each tunnel. AP type bearings, providing muck car rolling resis­
tance of 10 #/Ton are used. This type of bearing is provided on ASEA cars 
and is currently in use at the Henderson Molybdenum Mine and the Foundation­
Atlas-Healy contract for the East end of the Selkirk Tunnel in Alberta. 
These bearings were used by Healy on their large TARP tunnel. 

Muck removal at tunnel access: 

80x Portals: Rotary dump in 200' long open cut. Dumps into surge hopper 
over apron feeder that feeds belt conveyor to large storage pile. 
Loaded into trucks by FEL. 

Shaft: Lift boxes off muck 
headframe and hoist. Dump 
by FEL. 

cars with Card type skip cartridge and 
into large storage pile. Loaded into trucks 

Groundwater inflow is 1 GPM per 100 feet of tunnel in medium and hard rock. 

State oj Arizona, Maricopa Site, September 2, 1987 Volllme 3, Page 197 



The inflow is not concentrated enough in anyone area to require grouting. 
The tunnels in soft rock (cemented alluvium above the water table) are dry. 

An intermediate shaft is assumed to be available for ventilation exhaust on 
the longer contracts. 

The cost of excavation and support of electron shielding nitches, power 
alcoves is included in these estimates, as well as the final, 7 foot wide, 
concrete invert with drainage gutter. 

All underground work is scheduled for three shifts a day, at eight hours a 
shift, five days a week, plus a Saturday maintenance shift. 

Labor cost, based on the current 
and including fringe benefits, 
overtime, and contractor's markup 
shift. 

Union Contract covering Mine Development 
portal pay, insurance, taxes, incidental 

(50X of total labor): $308.00 per man-

The following classifications will not be required by the labor agreement: 
compressor, man-elevator and pump operators, operator foreman and crane and 
hoist oilers. 

Estimates are based on June, 1987 costs. Equipment and spare parts prices 
are factored to a projected BLS Construction Machinery Index of 371. No 
escalation is included in these costs. 

Muck disposal is sub-contracted at $4.00 per solid cubic yard for truck haul 
to disposal within 10 miles. 

Five inch thick, precast concrete segments for the soft rock tunnels are 
fabricated on site by a sub-contractor for $100 per foot of tunnel. These 
segments have plain joints. There are no connections between segments. 

For safety, a continuous 6 foot wide strip of #11 gage chain link fabric is 
secured along the back of all unlined rock tunnels. 

Material prices: 
chain link fabric $ .35 per SF 
chain link fabric bolts 2.00 per each 
shotcrete materials 80.00 per CY 
resin anchor rock bolts 1.50 per LF 
steel sets .55 per Ib 
transit mix concrete 60.00 per CY 

3000 KVA of electric power at 15,000 volts is provided by others at each 
tunnel portal. Cost is $0.04 per kwh. 

Construction access roads to each site are provided by others. 

Water, for construction use, is provided by others at each work site. 
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Material and parts and supplies prices include freight. Freight is added as 
a separate item to Plant & Equipment costs. 

No state sales tax is included. 

Public Liability and Property Damage insurance cost is not included. This is 
covered elsewhere as Wrap-up insurance. 

Contingencies suggested to be added to these estimated costs at this time 
are: 

Maricopa Sierr i ta 
Bidding Contingency lOY. 10i: 
Specification " 0 0 
Design " 0 0 
Supply-Demand " 5 5 
Geotechnical " 5 to 20 5 to 30 

Total Contingency 20 to 35i: 20 to 45i: 

See the Rock Support and Final Lining tabulation for suggested Geotechnical 
Contingency for each contract. 

P. E. Sperry 
June 3, 1987 
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ROCK SUPPORT & FINAL LINING 
/ 

ROCK CLASSIFICATION ROUNDED LENGTH OF FINAL LINING 
LENGTH •••••••• YATER GEOTECH PERCENT FOOTAGE CLASS STARTING TAIL 

CONTRACT EXCAVATED MAXIMUM MEDIUM HARD TABLE CONTlN· III IV II III IV III CHAMBER TUNNEL TOTAL 
NUMBER DIAHETER COVER ROCIC ROCK BELOY GENCT spot pattern TOTALS & IV 

feet feet feet feet TUNNEL percent bald bolts bolts & eLF sets feet feet feet feet feet 
MARICOPA feet feet feet rows feet each 

1 soft 11 250 Yes 10 300 300 
2 cut & cover Yes 0 0 
3 soft + 11 200 7,392 Yes 15 5.0 1.0 6,948 370 92 74 18 7,392 440 300 740 
4 soft + 11 300 3,696 Yes 15 5.0 2.0 3,437 185 46 74 18 3,696 260 300 560 
5 soft + 11 550 10,824 Yes 20 l.O 1.0 10,391 325 81 108 21 10,824 430 300 200 930 
6 soft 11 300 Yes 5 0 0 0 0 300 300 
7 cut & cover Yes 0 0 0 0 0 
8 soft + 11 250 4,224 Yes 15 5.0 2.0 3,928 211 53 14 21 4,224 300 lOO 600 
9 all hard 10 1,100 38,016 Yes 10 2.0 0.0 37,256 160 190 0 0 38,016 760 300 200 1260 

0 0 0 0 
TOTALS 13,850 53,328 2.9 0.5 51,510 10,391 1,851 463 341 as 64,152 2,190 2,100 400 4,690 .........•••.•....••••••••••••••••...•....•...•••.......••.••••....•..••...•.......•........•....•.•..••••...•...•••••••.•••...........•..••..•.••••••••.••••••..•••••.• 

ROCK CLASSIFICATION 
I bald 

II spot bol tI 
III shear zone 

IV fault zone 

ARIZONA SSC P. E. Sperry 

ROCK SUPPORTS 
1 rock bolt every 250'. All medium rock except shears and faults. 
1 rock bolt every 25'. All hard rock except shears and faults. 
Split sets & clf + shotcrete final lining. 
Set. with structural fabric + shotcrete final lining. 

NOTE; All tunnel •• upported with .teel aeta must be excavated 11' diameter to provide a 10' final lining. 

ARIZONA SSC 

1a·Jul·87 \AZF·SM\ROK·SUPP 

ROCIC SUPPORT & FINAL LIMING PAGE 1 



ROCK HORSEPOIJER-HOUR PER TON ROCK tilTON ROCK #ITON 
COLORADO SCHOOL OF MINES 1.5 CALICHE 2430 SHALE 4450 
NEVADA TEST SITE TUFF 2.5 POTASH 3700 OUARTZITE 4520 
SOFT ROCK 4.0 - 5.0 CONGLOMERATE 3720 GRANITE 4540 
MEDIUM ROCK 5.0 - 6.0 RHYOLITE 4050 GNEISS 4550 
HARD ROCK 6.0 - 8.0 CHALK 4060 DOLOMITE 4870 

LIMESTONE 4380 DIORITE 5220 

ARIZONA HARD ROCK TBM diameter: 11.0 feet 

WE I GHT OF ROCK tI/Ton 5220 5220 5220 5220 5220 5220 
TBM HORSEPOIJER HP 700 800 800 900 900 900 
HP-HR/TON HP-hr/Ton 8.0 7.0 8.0 7.0 7.5 8.0 

PENETRATION feet/hour 7.1 9.3 8.2 10.5 9.8 9.2 .. e_._ .. _ 

ARIZONA HARD ROCK TBM diameter: 10.0 feet 

WEIGHT OF ROCK tilTon 5220 5220 5220 5220 5220 5220 
TBM HORSEPOIIER HP 700 BOO BOO 900 900 900 
HP-HR/TON HP-hr/Ton B.O 7.0 B.O 7.0 7.5 B.O 

PENETRATION feet/hour B.6 11.3 9.9 12.7 11.B 11. 1 ................. 

ARIZONA MEDIUM ROCK TBM diameter: 11.0 feet 

WEIGHT OF ROCK tI/Ton 4400 4400 4400 4400 4400 4400 4400 
TBM HORSEPO'WER HP 700 BOO BOO 800 900 900 900 
HP-HRITON HP-hr/Ton 5.0 5.5 6.0 6.0 5.5 6.0 7.0 

PENETRA TI ON feet/hour 13.6 14.1 12.9 12.9 15.8 14.5 12.4 ................. 

ARIZONA MEDIUM ROCK TBM diameter: 10.0 feet 

~E I GHT OF ROCK tI/Ton 4400 4400 4400 4400 4400 4400 4400 
TBM HORSEPO'WER HP 700 BOO BOO 800 900 900 900 
HP-HRITON HP-hr/Ton 5.0 5.5 6.0 6.0 5.5 6.0 7.0 

PENETRATION feet/hour 16.4 17.0 15.6 15.6 19.2 17.6 15.1 
................ 

ARIZONA SOFT ROCK TBM diameter: 11.0 feet 

~E I GHT OF ROCK #/Ton 3000 3000 3000 3000 3000 3000 3000 
TBM HORSEPO'WER HP 600 600 600 700 700 700 700 
HP-HR/TON HP-hr/Ton 1.5 2.0 2.4 2.5 2.8 3.0 3.5 

ARIZONA SSC P. E. Sperry 18- Jul-B7 \AZF-SM\TBM'PENE 

PENETRATION feet/hour 56.B 42.6 35.0 39.B 35.5 33.1 28.4 
.............. 

ARIZONA SOFT ROCK TBM diameter: 11.0 feet 

~EIGHT OF ROCK tI/Ton 3500 3500 3500 3500 3500 3500 3500 3500 
TBM HORSEPO'WER HP 600 600 700 700 700 700 800 BOO 
HP-HR/TON HP-hr/Ton 1.5 2.1 1.5 2.0 2.4 2.5 3.0 3.5 

PENETRATION feet/hour 4B.7 35.0 56.8 42.6 35.5 34.1 32.5 27.B ................ 

SI{l{(! of Ari- \1' • -,-alia, : ancopa Sile, September 2, 1987 
Volume 3. Paf!P 2n I 
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AZ SSC P. E. Sperry 18-Jul-87 \AZF-SM\VENT 

A 
2 
3 VENTILATION CALCULATION 
4 
5 FORMULA ASSUMPTIONS 

B C D 

6 minimum of 2 locomotiv~s operat~ in tunnel. 
7 air velocity in fanline is 3500 FPM 
8 
9 

10 LOCOMOTIVE ENGINE MAKE 
11 LOCOMOTIVE ENGINE MODEL 
12 
13 LOCOMOTIVE HORSEPOUER: 
14 
15 MAX •• OF LOCOMOTIVES OPERATING: 
16 PERSONNEL IN TUNNEL. EA 
17 
18 VENT REQ'D FOR PERSONNEL, CFN 
19 VENT REQ'D 1st LOCO, CFN 
20 VENT REQ'D FOR 2nd LOCO, CFN 
21 VENT REQ'D FOR ADDL LOCOS, CFN 
22 
23 TOTAL VENT REQ'D, CFN 
24 
25 FANLINE DIAMETER • INCHES: 
26 FRICTION/100' OF FANLINE 
27 FAN SPACING • FEET: 
28 WATER GAGE 
29 
30 FAN DIAMETER 
31 FAN SIZE 
32 BLADE SETTING 
33 FAN HORSEPOUER 
34 
35 
36 NOTES 
37 

AVAILABLE ENGINES 
DEUTZ DEUTZ 

F4L912W F6L912W 

51 

2 
15 

3000 
6120 
4590 

o 
13710 

28 
0.47 
3000 

14.10 

23.0 
17.5 

4 
60 

80 

2 
15 

3000 
9600 
7200 

o 
19800 

34 
0.38 
3000 

11.40 

36.0 
26.5 

6 
50 

E 

CAT 
3304NA 

110 

2 
15 

3000 
9020 
6765 

o 
18785 

32 
0.44 
3000 

13.20 

25.0 
17.5 

2 
90 

F 

CAT 
3304NA 

110 

2 
15 

3000 
9020 
6765 

o 

18785 

34 
0.32 
3000 
9.60 

36.0 
26.5 

8 
50 

G 

CAT 
3304NA 
TANDEM 

220 

2 
15 

3000 
18040 
13530 

o 

34570 

40 
0.45 
3000 

13.50 

38.0 
26.5 

o 
120 

H 

CAT 
3304NA 

110 

3 
15 

3000 
9020 
6765 
4510 

23295 

36 
0.36 
3000 

10.80 

36.0 
26.5 

4 
60 

38 Choos~ fanline diamet~r from Trane Ductulator ; calc volume at 3500 FPN duct velocity. 
39 
40 Determine friction from Ductulator ; fanline diameter & calculate volume. 
41 
42 Choose fan a volume, water gage and mid· horsepower range for the blade setting. 

ARIZONA SSC VENTILATION CALCULATION PAGE 3 



ARIZONA SSC 

HAULAGE ASSUMPTIONS 

1. Average haul speed MPH 
maximum with adverse grade 
maximum with flat grade 
maximum with favorable grade 

loaded 
12 
13 
15 

2. Haulage is designed to not delay TBM. 

P. E. Sperry 

empty 
15 
15 
15 

18-Jul'87 \AZF-SM\HAULNOTE 

3. TBM production calculations are based on TBM being deLayed by haulage 20 minutes a day. 
4. Haulage based on use of trailing floor, with car shifter, pulled behind TBM. 
5. Rolloing resistance of train based on use of AP bearings in muck cars. 
6. California switches are set so empty train always waits for loaded train on CaLifornia switch. 

7. Haulage steps with increasing length of haul. SUMMARY OF HAULAGE STEPS 
Car Trains Calif 

Locos Mover Switch 
1. One locomotive and two trains. 1 2 
2. Add car mover at shaft/portal and 3rd train. 1 X 3 
3. Add 2nd loco and 1st Calif. switch, delete car mover. 2 3 

Add deLay to dump cars and to pass on California. 
4. Add car mover at shaft/portal and 4th train. 2 X 4 1 
5. Add 3rd loco and 2nd Calif. switch, delete car mover. 3 4 2 

Add delay to dump cars and to pass on California. 
6. Add car mover at shaft/portal and 5th train. 3 X 5 2 
7. Add 4th loco and 3rd Calif. switch, deLete car mover. 4 5 3 

Add delay to dump cars and to pass on California. 

ARIZONA SSC HAULAGE ASSUMPTIONS PAGE 4 



A B C 0 E F G H J I( L M N o P Q R S T V 
2 
3 LENGTH IN MILES EXCAV LENGTH IN FEET 
4 CONTRACT TOTAL Io'ORI( UP TOTAL 
5 NUMBER SOFT MED HARD LENGTH SHAFT ~ MAX LOADED SOFT MED HARD LENGTH 
6 MILE CUT & ROCK ROCK ROCI( OF DEPTH 00\11/ GRADE HAUL CUT & ROCK ROCK ROCK OF 
7 POST COVER TBM TBM TBM CONTR FEET GRADE X COVER TBM TBM TBM CONTR 
8 
9 52.20 1\ 0 0 0 0 0 

10 52.80 0.60 0.60 I 0 3,168 0 0 3,168 
11 0.00 0 0 0 0 0 
12 5.00 5.00 5.00 BOX 00\11/ 0.47 ADVERSE 0 26,400 0 0 26,400 
13 TOTALS 5.60 0.00 5.60 0 29,568 0 0 29,568 
14 X 0 100 0 0 100 
15 
16 2 5.00 CUT & COVER 
17 12.80 7.80 7.80 41,184 0 0 0 41,184 
18 X 100 0 0 0 100 
19 
20 3 12.80 BOX UP 0.28 FAVORABLE 
21 14.20 1.40 1.40 I 0 0 0 7,392 7,392 
22 15.30 1.10 1.10 0 5,808 0 0 5,808 
23 TOTALS 1.10 1.40 2.50 V 0 5,808 0 7,392 13 ,200 
24 X 0 44 0 56 100 
25 
26 4 15.30 BOX UP 0.2B FAVORABLE 
27 16.30 1.00 1.00 

I 
0 5,280 0 0 5,280 

2B 17.00 0.70 0.70 0 0 0 3,696 3,696 
29 21.30 4.30 4.30 0 22,704 0 0 22,704 
30 TOTALS 0.00 5.30 0.00 0.70 6.00 V 0 27,984 0 3,696 31,680 
31 X 0 88 0 12 100 
32 
33 5 21.30 1\ 
34 25.40 2.05 2.05 4.10 350' I 0 10,B24 10,B24 0 21,648 
35 2B.BO 3.40 3.40 SHAFT UP 0.42 FAVORABLE 0 17,952 0 0 17,952 
36 TOTALS 0.00 5.45 2.05 0.00 7.50 0 28,n6 10,B24 0 39,600 
37 X 0 73 27 0 100 
3B 
39 6 2B.80 1\ 

AZ SSC MARICOPA P. E. Sperry 18·Jul·B7 \AZFM'CAL\TAKEOFF 

40 37.40 8.60 8.60 BOX UP 0.42 FAVORABLE 0 45,408 0 0 45,408 

41 X 0 100 0 0 100 
42 
43 7 37.40 
44 41.50 4.10 4.10 CUT & COVER 21,648 0 0 0 21,648 

45 X 100 0 0 0 100 
46 
47 8 41.50 BOX DOWN 0.28 ADVERSE 
48 42.30 0.80 0.80 I 0 0 0 4,224 4,224 

49 45.00 2.70 2.70 \I 0 14,256 0 0 14,256 

50 TOTALS 0.00 2.70 0.00 0.80 3.50 0 14,256 0 4,224 18,480 

51 X 0 n 0 23 100 
52 
53 9 45.00 350' FLAT 0.09 ADVERSE 
54 52.20 7.20 7.20 SHAFT \I 0 0 0 38,016 38,016 

55 X 0 0 0 100 100 
56 
57 GRAND TOTAL 11.90 28.75 2.05 10.10 52.80 62,832 151,800 10,824 53,328 278,784 

58 PERCENT 23 54 4 19 100 

ARIZONA sse, MARICOPA SITE TAKEOFF PAGE 1 
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A B 
2 

C 

3 LOCOMOTIVE CALCULATIONS 
4 
5 
6 
7 
8 
9 

CONTRACT NUMBER 
ROCK TYPE AT MAXIMUM HAUL 
MUCK REMOVAL VIA 

10 * EXCAVATED DIAMETER 
11 * WEIGHT OF ROCK AT MAXIMUM HAUL 
12 * SWELL FACTOR 
13 LOOSE MUCK PER TUNNEL FOOT 
14 
15 * STROKE OF TBM 
16 UTILIZED STROKE OF TBM @ MAX HAUL 
17 LOOSE MUCK PER STROKE 
18 * TBM STROKES PER TRAIN 
19 
20 MUCK CAR TYPE 
21 * 
22 * MUCK CAR WT PER CY 
23 * MUCK CAR CAPACITY 
24 MUCK CARS REQUIRED PER STROKE 
25 * MUCK CARS PROVIDED PER STROKE 
26 * SUPPLY CARS REQUIRED PER STROKE 
27 SUPPLY CAR WEIGHT EMPTY 
28 * SUPPLY CAR LOAD 
29 
30 EMPTY TRAILING TRAIN WEIGHT 
31 LOADED TRAILING TRAIN WEIGHT 
32 
33 * MAXIMUM EMPTY ADVERSE GRADE OR FLAT 
34 * MAXIMUM LOADED ADVERSE GRADE OR FLAT 
35 
36 * DRAW BAR PULL (see table below) 
37 * ACCELERATION FACTOR 

D 

FEET 
#/SCY 
% 
LCY/TF 

FEET 
FEET 
LCY 
EA 

TONS 
CY 
EA 
EA 
EA 
TONS 
TONS 

TONS 
TONS 

% 
% 

% 

E 

1 
SOFT 

BOX 
PORTAL 

11.0 
3500 

80 
6.3 

4.0 
3.50 
22.2 

2 

ROTARY 
DUMP 
0.35 
14.6 
1.5 
1.5 

1 
1.0 
3.5 

24.3 
67.5 

0.00 
0.47 

480 
0.20 

AZ SSC MARICOPA 

38 
39 
40 
41 
42 

CALC LOCO WT . EMPTY 
CALC LOCO WT . LOADED 
LOCO WEIGHT PROVIDED 

43 * ROLLING RESISTANCE 
44 * DESIGN SPEED 
45 
46 
47 
48 
49 
50 

CALC LOCO HORSEPOWER . EMPTY 
CALC LOCO HORSEPOWER . LOADED 
REQUIRED LOCO HP (calc x 1.15) 
LOCO HORSEPOWER PROVIDED 

51 LOCO ENGINE PROVIDED 
52 REOUIRED VENTILATION PER LOCO 
53 
54 
55 
56 
57 
58 

COEFICIENT OF ADHESION 
20% (wet track) 
25% (dry track) 
30% (sanded track) 

ARIZONA sse, MARICOPA SITE 

TONS 
TONS 
TONS 

#/Ton 
MPH 

CAT 
cr~, 

HP 
HP 
HP 
HP 

2.1 
7.2 

10.0 

10 
17.0 

19 
85 
98 

110 

3304NA 
9000 

DP~·.J11AR PUll 
3P.I' tilT 
430 r:/T 
581l I!/T 

" 
3 

SOFT 
BOX 

PORTAL 

11.0 
3500 

80 
6.3 

4.0 
3.50 
22.2 

2 

ROTARY 
DUMP 
0.35 
14.6 
1.5 
1.5 

1 
1.0 
3.5 

24.3 
67.5 

0.28 
0.00 

480 
0.20 

G 

4 
SOFT 

BOX 
PORTAL 

11.0 
3500 

80 
6.3 

5.0 
3.50 
22.2 

2 

ROTARY 
DUMP 
0.35 
14.6 
1.5 
1.5 

1 
1.0 
3.5 

24.3 
67.5 

0.28 
0.00 

480 
0.20 

H 

5 
SOFT 
350' 

SHAFT 

11.0 
3500 

80 
6.3 

5.0 
3.50 
22.2 

2 

LIFTOFF 

0.35 
8.8 
2.5 
2.5 

1 
1.0 
3.5 

24.4 
67.5 

0.42 
0.00 

480 
0.20 

P. E. Sperry 18·Jul·87 

2.4 
5.7 
8.0 

10 
18.0 

30 
45 
52 

110 

3304NA 
9000 

2.4 
5.7 
8.0 

10 
18.0 

30 
45 
52 

110 

3304NA 
9000 

2.6 
5.7 
8.0 

10 
18.0 

36 
45 
52 

110 

330f.NA 
9000 

6 
SOFT 

BOX 
PORTAL 

11.0 
3500 

80 
6.3 

4.0 
3.50 
22.2 

2 

ROTARY 
DUMP 
0.35 
14.6 
1.5 
1.5 

1 
1.0 
3.5 

24.3 
67.5 

0.42 
0.00 

480 
0.20 

J 

8 
SOFT 

BOX 
PORTAL 

11.0 
3500 

80 
6.3 

5.0 
3.50 
22.2 

2 

ROTARY 
DUMP 
0.35 
14.6 
1.5 
1.5 

1 
1.0 
3.5 

24.3 
67.5 

0.00 
0.28 

480 
0.20 

\AZFM'CAL\LOCO 

2.5 
5.7 
8.0 

10 
18.0 

36 
45 
52 

110 

330f.NA 
9000 

2.1 
6.6 
8.0 

10 
18.0 

19 
71 
81 

110 

3304NA 
9000 

K 

9 
HARD 
350' 

SHAFT 

10.0 
5220 

80 
5.2 

5.0 
4.75 
24.9 

2 

Ll FTOFF 

0.35 
8.8 
2.8 
3.0 

o 
1.0 
3.5 

18.5 
90.6 

0.21 
0.09 

480 
0.20 

1.7 
8.1 

10.0 

10 
18.0 

24 
71 
82 

110 

3304NA 
9000 

Rotting resistance based on AP bearings in muck cars. 

LOCOMOTIVE CALCULATIONS PAGE 2 
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1 HAULAGE CALCULATION CONTRACT #1 
2 
3 SOFT ROCK WITH BOX PORTAL ACCESS 
4 GRADE ADVERSE 0.47 percent 
5 TOTAL LENGTH OF HEADING 29,568 feet 
6 TBM PENETRATION RATE 35.0 FPH 
7 TBM EFFECTIVE STROKE 3.5 feet 
8 TBM REGRIP TIME 2.5 min 
9 TBM STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING 5 min 
11 SWITCH AT HEADING 2 min 
12 
13 
14 
15 HAULAGE STEP 
16 
17 MAIN HAUL LOCOMOTIVES each 
18 TRAINS each 
19 TOTAL MUCK CARS IN USE each 
20 CALIFORNIA SWITCHES each 
21 CAR MOVER AT PORTAL each 
22 
23 MAXIMUM LENGTH OF HEADING feet 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP TWICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SWITCH AT HEADING 
32 TRAVEL OUT 
33 DUMP CARS 
34 SWITCH AT PORTAL 
35 TRAVEL IN 
36 WAIT ON CALIFORNIA SWITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE MUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

13 
9 
5 

1 
2 
6 
0 
0 

6,460 

min 
5.0 

12.0 
10.0 
27.0 

2.0 
6.1 
9.0 
5.0 
4.9 
0.0 

27.0 

27.0 

o 

TRAVEL SPEED LOADED (OUT) 12 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 3 each 
INBOUND WAIT TO PASS ON SWITCH 5 min 
ROTARY DUMP CYCLE 3 min/car 
S~ITCH TIME AT PORTAL 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 2 2 3 3 
3 3 4 4 5 
9 9 12 12 15 
0 1 1 2 2 
1 1 0 1 

12,930 19,400 25,900 29,568 

min min min min 
5.0 5.0 5.0 5.0 

12.0 12.0 12.0 12.0 
10.0 10.0 10.0 10.0 
27.0 27.0 27.0 27.0 

2.0 2.0 2.0 2.0 
12.2 18.4 24.5 28.0 
0.0 9.0 0.0 9.0 
3.0 5.0 3.0 5.0 
9.8 14.7 19.6 22.4 
0.0 5.0 5.0 10.0 

27.0 54.1 54.1 76.4 

P. E. Sperry 18· Jul·87 \AZFM·CAL\HAUL·1 

27.0 

o 

27.0 

o 
27.1 

o 
25.5 

·2 

AVERAGE NUMBER OF MOTORMEN & LOCOS 
AVERAGE NUMBER OF CAR MOVER OPERATORS 
AVERAGE NUMBER OF MUCK CARS IN USE 

1.69 
0.44 
9.38 

HAULAGE CALCULATION, CONTRACT # 1 

7 

4 
5 

15 
3 
0 

PAGE 3 
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1 HAULAGE CALCULATION CONTRACT # 3 
2 
3 SOFT ROCK WITH BOX PORTAL ACCESS 
4 GRADE FAVORABLE 0.28 percent 
5 TOTAL LENGTH OF HEADING 13,200 feet 
6 TBM PENETRATION RATE 35.0 FPH 
7 TBM EFFECTIVE STROKE 3.5 feet 
8 T8M REGRIP TIME 2.5 min 
9 T8M STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING 5 min 
11 SWITCH AT HEADING 2 min 
12 
13 
14 
15 HAULAGE STEP 
16 
17 MAIN HAUL LOCOMOTIVES each 
18 TRAINS each 
19 TOTAL MUCK CARS IN USE each 
20 CALIFORNIA SWITCHES each 
21 CAR MOVER AT PORTAL each 
22 
23 MAXIMUM LENGTH OF HEADING feet 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP TWICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SWITCH AT HEADING 
32 TRAVEL OUT 
33 DUMP CARS 
34 SWITCH AT PORTAL/SHAFT 
35 TRAVel IN 
36 WAIT ON CALIFORNIA SWITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE MUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

10 
7 
3 

TRAVEL SPEED LOADED (OUT) 15 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 3 each 
INBOUND WAIT TO PASS ON SWITCH 5 min 
DUMP CYCLE ROTARY 3 minIcar 
SWITCH TIME AT PORTAL/SHAFT 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 1 2 2 3 3 
2 3 3 4 4 5 
6 9 9 12 12 15 
0 0 1 1 2 2 
0 1 1 0 1 

7,270 13,200 

min min 
5.0 5.0 

12.0 12.0 
10.0 10.0 
27.0 27.0 

2.0 2.0 
5.5 10.0 
9.0 0.0 
5.0 3.0 
5.5 10.0 
0.0 0.0 

27.0 25.0 

P. E. Sperry 18-Jul-87 \AZFM-CAL\HAUL-3 

27.0 25.0 

o -2 

AVERAGE NUMBER OF MOTORMEN & LOCOS 
AVERAGE NUMBER OF CAR MOVER OPERATORS 
AVERAGE NUMBER OF MUCK CARS IN USE 

1.00 
0.45 
7.35 

HAULAGE CALCULATION, CONTRACT # 3 

7 

4 
5 

15 
3 
0 

PAGE 4 



1 HAULAGE CALCULATION CONTRACT # 4 
2 
3 SOFT ROCK WITH BOX PORTAL ACCESS 
4 GRADE FAVORABLE 0.28 percent TRAVEL SPEED LOADED (OUT) 15 '"'PH 
5 TOTAL LENGTH OF HEADING 31,680 feet EMPTY (IN) 15 MPH 
6 TBM PENETRATION RATE 35.0 FPH MUCK CARS PER TRAIN 3 each 
7 TBM EFFECTIVE STROKE 3.5 feet INBOUND WAIT TO PASS ON SWITCH 5 min 
8 TBM REGRIP TIME 2.5 min ROTARY DUMP CYCLE 3 min/car 

~ 9 TBM STROKES PER TRAIN 2 each SWITCH TIME AT PORTAL 
~ 10 SEGMENT DELAY PER RING 5 min ONLY SUPPLY CARS 3 min 
~ 11 SWITCH AT HEADING 2 min MUCK & SUPPLY CARS 5 min 
0 12 
'-.. 13 
::t.. 14 -. 15 HAULAGE STEP 2 3 4 5 6 7 
t·t 16 0 - 17 MAIN HAUL LOCOMOTIVES each 1 1 2 2 3 3 4 
~ 18 TRAINS each 2 3 3 4 4 5 5 
:::.. 19 TOTAL MUCK CARS IN USE each 6 9 9 12 12 15 15 ..... 20 CALIFORNIA SWITCHES each 0 0 1 1 2 2 3 ~ 21 CAR MOVER AT PORTAL each 0 1 1 0 1 0 -. <") 22 0 
~ 23 MAXIMUM LENGTH OF HEADING feet 7,270 14,550 21,780 29,040 31,680 
~ 24 
V, 25 TUNNEL BORING MACHINE CYCLE min min min min min ;::;: 26 REGRIP TWICE 5.0 5.0 5.0 5.0 5.0 '" 27 EXCAVATE 12.0 12.0 12.0 12.0 12.0 
V, 28 SET SEGMENT DELAY 10.0 10.0 10.0 10.0 10.0 
'" 29 TOTAL 27.0 27.0 27.0 27.0 27.0 ~ 

r:. 30 HAULAGE CYCLE 
~ 31 SWITCH AT HEADING 2.0 2.0 2.0 2.0 2.0 
::::r- 32 TRAVEL OUT 5.5 11.0 16.5 22.0 24.0 
'" 33 DUMP CARS 9.0 0.0 9.0 0.0 9.0 
tv 34 SWITCH AT PORTAL 5.0 3.0 5.0 3.0 5.0 

35 TRAVEL IN 5.5 11.0 16.5 22.0 24.0 

-- 36 WAIT ON CALIFORNIA SWITCH 0.0 0.0 5.0 5.0 10.0 'C 
,:):. 37 TOTAL 27.0 27.0 54.0 54.0 74.0 
'-.J 

AZ SSC MARICOPA P. E. Sperry 18'Jul-87 \AZFM-CAL\HAUL-4 

38 TOTAL PER TRAIN 27.0 27.0 27.0 27.0 24.7 
39 
40 DELAY 0 0 0 0 ·2 
41 
42 EQUIPMENT TO PURCHASE AVERAGE NUMBER OF MOTORMEN & LOCOS 1.62 

2 43 SPARE MUCK CARS 1 AVERAGE NUMBER OF CAR MOVER OPERATORS 0.46 
::::- 44 SPARE SUPPLY CARS 1 AVERAGE NUMBER OF MUCK CARS IN USE 9.25 
~ 45 SPARE LOCOMOTIVES 2 
'" 46 
'"" 47 TOTAL MUCK CARS 13 
"0 48 TOTAL SUPPLY CARS 9 
~ 49 TOTAL LOCOMOTIVES 5 
o~ 
r:. 
tv 
.:;:, 
O:l 

ARIZONA SSC, MARICOPA SITE HAULAGE CALCULATION, CONTRACT # 4 PAGE 5 
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1 HAULAGE CALCULATION CONTRACT II 5 
2 
3 SOFT ROCK WITH 350' SHAFT ACCESS 
4 GRADE FAVORABLE 0.42 percent 
5 TOTAL LENGTH OF HEADING 39,600 feet 
6 TBM PENETRATION RATE 35.0 FPH 
7 TBM EFFECTIVE STROKE 3.5 feet 
8 TBM REGRIP TIME 2.5 min 
9 TBM STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING 5 min 
11 SWITCH AT HEADING 2 min 
12 
13 
14 
15 HAULAGE STEP 
16 
17 MAIN HAUL LOCOMOTIVES each 
18 TRAINS each 
19 TOTAL MUCK CARS IN USE each 
20 CALIFORNIA SWITCHES each 
21 CAR MOVER AT PORTAL each 
22 
23 MAXIMUM LENGTH OF HEADING feet 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP TWICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SWITCH AT HEADING 
32 TRAVEL OUT 
33 DUMP CARS 
34 SWITCH AT PORTAL/SHAFT 
35 TRAVEL IN 
36 WAIT ON CALIFORNIA SWITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE HUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

26 
11 
5 

1 
2 

10 
0 
0 

TRAVEL SPEED LOADED (OUT) 15 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 5 each 
INBOUND WAIT TO PASS ON SWITCH 5 min 
DUMP CYCLE 5 min/car 
SWITCH TIME AT PORTAL/SHAFT 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 2 2 3 3 
3 3 4 4 5 

15 15 20 20 25 
0 1 1 2 2 
1 1 0 1 

14,550 29,050 39,600 

min min min 
5.0 5.0 5.0 

12.0 12.0 12.0 
10.0 10.0 10.0 
27.0 27.0 27.0 

2.0 2.0 2.0 
11.0 22.0 30.0 
0.0 0.0 0.0 
3.0 3.0 3.0 

11.0 22.0 30.0 
0.0 5.0 10.0 

27.0 54.0 75.0 

P. E. Sperry 18-Jul-87 \AZFH·CAL\HAUL-5 

27.0 

o 

27.0 

o 

AVERAGE NUMBER OF MOTORMEN & LOCOS 
AVERAGE NUMBER OF CAR MOVER OPERATORS 
AVERAGE NUMBER OF MUCK CARS IN USE 

25.0 

-2 

1.90 
1.00 

19.49 

HAULAGE CALCULATION, CONTRACT # 5 

,.' 

7 

4 
5 

25 
3 
0 

PAGE 6 
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1 HAULAGE CALCULATION CONTRACT 11 6 
2 
3 SOFT ROCK YITH BOX PORTAL ACCESS 
4 GRADE FAVORABLE 0.42 percent 
5 TOTAL LENGTH OF HEADING 45,408 feet 
6 TBM PENETRATION RATE 35.0 FPH 
7 TBM EFFECTIVE STROKE 3.5 feet 
8 TBM REGRIP TIME 2.5 min 
9 TBM STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING 5 min 
11 SYITCH AT HEADING 2 min 
12 
13 
14 
15 HAULAGE STEP 
16 
17 MAIN HAUL LOCOMOTIVES each 
18 TRAINS each 
19 TOTAL MUCK CARS IN USE each 
20 CALIFORNIA SYITCHES each 
21 CAR MOVER AT PORTAL each 
22 
23 MAXIMUM LENGTH OF HEADING feet 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP TYICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SYITCH AT HEADING 
32 TRAVEL ooT 
33 DUMP CARS 
34 SYITCH AT PORTAL 
35 TRAVEL IN 
36 YAIT ON CALIFORNIA SYITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE MUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

16 
11 
6 

TRAVEL SPEED LOADED (OUT) 15 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 3 each 
INBOUND YAIT TO PASS ON SYITCH 5 min 
ROTARY DUMP CYCLE 3 minIcar 
SYITCH TIME AT PORTAL 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 1 2 2 3 3 
2 3 3 4 4 5 
6 9 9 12 12 15 
0 0 1 1 2 2 
0 1 1 0 1 

7,270 14,530 21,800 29,050 36,300 43,600 

min min min min min min 
5.0 5.0 5.0 5.0 5.0 5.0 

12.0 12.0 12.0 12.0 12.0 12.0 
10.0 10.0 10.0 10.0 10.0 10.0 
27.0 27.0 27.0 27.0 27.0 27.0 

2.0 2.0 2.0 2.0 2.0 2.0 
5.5 11.0 16.5 22.0 27.5 33.0 
9.0 0.0 9.0 0.0 9.0 0.0 
5.0 3.0 5.0 3.0 5.0 3.0 
5.5 11.0 16.5 22.0 27.5 33.0 
0.0 0.0 5.0 5.0 10.0 10.0 

27.0 27.0 54.0 54.0 81.0 81.1 

P. E. Sperry 18·Jut·87 \AZFM·CAL\HAUL·6 

27.0 

o 

27.0 

o 

27.0 

o 
27.0 

o 

27.0 

o 
AVERAGE NUMBER OF MOTORMEN & LOCOS 
AVERAGE NUMBER OF CAR MOVER OPERATORS 
AVERAGE NUMBER OF MUCK CARS IN USE 

27.0 

o 

2.08 
0.48 

10.68 

HAULAGE CALCULATION, CONTRACT # 6 

7 

4 
5 

15 
3 
0 

45,408 

min 
5.0 

12.0 
10.0 
27.0 

2.0 
34.4 
9.0 
5.0 

34.4 
15.0 
99.8 

25.0 

'2 

PAGE 7 
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1 HAULAGE CALCULATION 
2 

CONTRACT # 8 

3 SOFT ROCK ~ITH BOX PORTAL ACCESS 
4 GRADE ADVERSE 0.28 percent 
5 TOTAL LENGTH OF HEADING 18,480 feet 
6 TBM PENETRATION RATE 35.0 FPH 
7 TBM EFFECTIVE STROKE 3.5 feet 
8 TBM REGRIP TIME 2.5 min 
9 TBM STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING 5 min l' S~ITCH AT HEADING 2 min 
12 
13 
14 
15 HAULAGE STEP 
16 
17 MAIN HAUL LOCOMOTIVES 
18 TRAINS 
19 TOTAL MUCK CARS IN USE 
20 CALIFORNIA S~ITCHES 
21 CAR MOVER AT PORTAL 
22 
23 MAXIMUM LENGTH OF HEADING 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP T~ICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SWITCH AT HEADING 
32 TRAVEL OUT 
33 DUMP CARS 
34 SWITCH AT PORTAL 
35 TRAVEL IN 

each 
each 
each 
each 
each 

feet 

36 ~AIT ON CALIFORNIA S~ITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE MUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZINA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

10 
7 
4 

TRAVEL SPEED LOADED (OUr) 12 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 3 each 
INBOUND ~AIT TO PASS ON S~ITCH 5 min 
ROTARY DUMP CYCLE 3 minIcar 
SWITCH TIME AT PORTAL 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 1 2 2 3 3 
2 3 3 4 4 5 
6 9 9 12 12 15 
0 0 1 1 2 2 
0 1 1 0 1 

6,460 12,930 18,480 

min min min 
5.0 5.0 5.0 

12.0 12.0 12.0 
10.0 10.0 10.0 
27.0 27.0 27.0 

2.0 2.0 2.0 
6.1 12.2 17.5 
9.0 0.0 9.0 
5.0 3.0 5.0 
4.9 9.8 14.0 
0.0 0.0 5.0 

27.0 27.0 52.5 

P. E. Sperry 18·Jul·87 \AZFM'CAL\HAUL-8 

27.0 27.0 26.3 

0 0 ·1 

AVERAGE NUMBER OF MOTORMEN & LOCOS 1.30 
AVERAGE NUMBER OF CAR MOVER OPERATORS 0.35 
AVERAGE NUMBER OF MUCK CARS IN USE 7.95 

HAULAGE CALCULATION, CONTRACT # 8 

7 

4 
5 

15 
3 
0 

PAGE 8 
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1 HAULAGE CALCULATION CONTRACT # 9 
2 
3 HARD ROCK WITH 320' SHAFT ACCESS 
4 GRADE FLAT o percent 
5 TOTAL LENGTH OF HEADING 38,016 feet 
6 TBM PENETRATION RATE 12.7 FPH 
7 TBM EFFECTIVE STROKE 4.75 feet 
8 TBM REGRIP TIME 2.5 min 
9 TBM STROKES PER TRAIN 2 each 

10 SEGMENT DELAY PER RING o min 
11 SWITCH AT HEADING 2 min 
12 
13 HAULAGE STEP 
14 
15 MAIN HAUL LOCOMOTIVES each 
16 TRAINS each 
17 TOTAL MUCK CARS IN USE each 
18 CALIFORNIA SWITCHES each 
19 CAR MOVER AT PORTAL each 
20 
21 
22 
23 MAXIMUM LENGTH OF HEADING feet 
24 
25 TUNNEL BORING MACHINE CYCLE 
26 REGRIP TWICE 
27 EXCAVATE 
28 SET SEGMENT DELAY 
29 TOTAL 
30 HAULAGE CYCLE 
31 SWITCH AT HEADING 
32 TRAVEL OUT 
33 DUMP CARS 
34 SWITCH AT PORTAL/SHAFT 
35 TRAVEL IN 
36 WAIT ON CALIFORNIA SWITCH 
37 TOTAL 

38 TOTAL PER TRAIN 
39 
40 DELAY 
41 
42 EQUIPMENT TO PURCHASE 
43 SPARE MUCK CARS 
44 SPARE SUPPLY CARS 
45 SPARE LOCOMOTIVES 
46 
47 TOTAL MUCK CARS 
48 TOTAL SUPPLY CARS 
49 TOTAL LOCOMOTIVES 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

1 
1 
2 

25 
1 
4 

1 
2 

12 
0 
0 

10,500 

min 
5.0 

44.9 
0.0 

49.9 

2.0 
9.9 

30.0 
0.0 
8.0 
0.0 

49.9 

49.9 

o 

TRAVEL SPEED LOADED (OUT) 12 MPH 
EMPTY (IN) 15 MPH 

MUCK CARS PER TRAIN 6 each 
INBOUND WAIT TO PASS ON SWITCH 5 min 
DUMP CYCLE HOIST 5 min/car 
SWITCH TIME AT PORTAL/SHAFT 

ONLY SUPPLY CARS 3 min 
MUCK & SUPPLY CARS 5 min 

2 3 4 5 6 

1 2 2 3 3 
3 3 4 4 5 

18 18 24 24 30 
0 1 1 2 2 
1 1 0 1 

26,350 36,900 38,016 

min min min 
5.0 5.0 5.0 

44.9 44.9 44.9 
0.0 0.0 0.0 

49.9 49.9 49.9 

2.0 2.0 2.0 
25.0 34.9 36.0 
0.0 30.0 0.0 
3.0 0.0 3.0 

20.0 28.0 28.8 
0.0 5.0 5.0 

49.9 99.9 74.8 

P. E. Sperry 18'Jul-87 \AZFM-CAL\HAUL-9 

49.9 

o 

49.9 

o 

37.4 

-12 

AVERAGE NUMBER OF MOTORMEN & LOCOS 
AVERAGE NUMBER OF CAR MOVER OPERATORS 
AVERAGE NUMBER OF MUCK CARS IN USE 

1.31 
0.45 

16.52 

HAULAGE CALCULATION, CONTRACT # 9 

7 

4 
5 

30 
3 
0 

PAGE 9 
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B C 

7 PRODUCt ION 
8 MOLING HARD 

o 

9 MEDIUM 
10 SOFT 
11 

RESET (1) 
RESET (2) 

total 

E 

o feet at 
o feet at 

29,568 feet at 
29,568 feet 

4.75 ft/stroke at 
3.50 ft/stroke at 

G 

10.5 FPH 
14.1 FPH 
35.0 FPH 

H J 

HOURS TOTAL 
HOURS 

o 
o 

845 845 

2.5 min/stroke 
2.5 min/stroke 

o 
352 

K l M N o 

NOTES 

1. TBM production based on rock tests and advice 
from The Robbins Company. 

2. Delay factors based on experience at River 
Mountains and Navajo 3 Tunnels and on analysis 
of data from P. N. Nelson thesis. 

3. Heading mechanic operates TBM during lunch. 

FOOTNOTES 

12 
13 
14 
15 
16 
17 

tOTAL PRODUCTION TIME 1197 

18 DElAYS 
19 ROCK SUPPORT 
20 ERECT SEGMENTS 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

SPOT BOLTS 
SPLIT SETS & CLF 
STEEl SETS 
CRIB GRIPPERS 
MUCK FALLOUT 

HAULAGE 
TRAIN CHANGE 
\JAlT FOR TRAINS 
DERAILMENTS 

HOISTING 

VENTILATION 

PO\JER 
ADD CABLE 
OUTAGES 

CUTTERS 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SHIFT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

8448 rings at 
10 min per ring 
o each at 
o rows at 
o each at 

o min/tunnel foot 
20 min/working day 
10 min/working day 

10 min/working day 

6 min/section 

3.5 ft wide 
50 % delay 
5 min/each 

20 min/each 
60 min/each 

20 ft/section 

4 hrs/1000 feet of tunnel x 80X 
4 hrs/outage 5 outages 

2 cutters/week 1.5 hrs/cutter 

AZ SSC MARICOPA 

30.0 X of mol ing 
0.5 min/tunnel foot 

5 X of segment erection time 
use handheld . no delay 

1 r. of mol ing 

15 min/shift 
o min/working day 
5 working days 

704 
o 
o 
o 

30 
296 

o 
49 
25 

91 
18 

253 
246 

70 
o 
8 

110 
o 

120 
7 

44 

1029 

74 

25 

148 

109 

88 

(1) Hard and medium rock. 
(2) Soft rock. 

ACCESS VIA: 

TUNNEL BORING MACHINE: 

TBM THRUST OFF: 

EXCAVATED DIAMETER: 

CUTTER SIZE: 

SCHEDULED HOURS 24 

ELAPSED TIME 147.1 

7.00 

PRODUCTION 201.0 
.................. 

MOLING TIME 5.7 

MOLE UTILIZATION 34 

BOX PORTAL 

SOFT ROCK 

SIDES 

11.0' 

17" 

hours per working day 

working days 

months 

feet per working day 

hours per working day 

percent 

P. E. Sperry 18· Jul-87 \AZFM-CAL\TBM-1 

579 

282 

2333 

3530 

MOLE AVAILABILITY 90 percent 

TBM EXCAVATION PROGRESS, CONTRACT # 1 PAGE 10 
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B C D E t G H 
:> 
6 HOURS 
7 PRODUCTION 
8 MOLING HARD 7,392 feet at 12.7 FPH 582 
9 MED tuM 0 feet at 14.1 FPH 0 

10 SOFT 5,808 feet at 35.0 FPH 166 
11 total 13,200 feet 
12 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 
15 
16 TOTAL PRooUCTION TIME 
17 
18 DELAYS 
19 ROCK SUPPORT 
20 ERECT SEGMENTS 1659 rings at 3.5 ft wide 
21 10 min per ring 50 % delay 138 
22 SPOT BOLTS 30 each at 5 min/each 2 
23 SPLIT SETS & CLF 92 rows at 20 min/each 31 
24 STEEL SETS 18 each at 60 min/each 18 
25 CRIB GRIPPERS 6 
26 MUCK FALLOUT 58 
27 
28 HAULAGE 
29 TRAIN CHANGE 0 min/tunnel foot 0 
30 YAIT FOR TRAINS 20 min/working day 30 
31 DERAILMENTS 10 min/working day 15 
32 
33 HOISTING 10 min/working day 
34 
35 VENTILATION 6 min/section 20 ft/section 
36 
37 POYER 
38 ADD CABLE 4 hrs/1000 feet of tunnel x 80% 39 
39 OUTAGES 4 hrs/outage 3 outages 13 
40 
41 CUTTERS 12 cutters/week 1.5 hrs/cutter 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SH I FT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

AZ SSC MARICOPA 

27.2 X of moling 
0.5 min/tunnel foot 

5 % of segment erection time 
use handheld - no delay 

1 % of moling 

15 min/shift 
o min/working day 
5 working days 

203 
110 

14 
o 
7 

68 
o 

120 
3 

20 

It L M N 0 

TOTAL NOTES 
HOURS 

1. TBM production based on rock tests and advice 

748 
from The Robbins Company. 

2. Delay factors based on experience at River 
Mountains and Navajo 3 Tunnels and on analysis 
of data from P. N. Nelson thesis. 

65 3. Heading mechanic operates TBM during lunch. 
69 

FOOTNOTES 
882 

(1) Hard and medium rock. 
(2) Soft roc k. 

ACCESS VIA: BOX PORTAL 

TUNNEL BORING MACHINE: COMBINATIONM 

253 TBM THRUST OFF: SIDES 

EXCAVATED DIAMETER: 11.0' 

CUTTER SIZE: 17" 
46 

SCHEDULED HOURS 24 hours per working day 
15 

ELAPSED TIME 91.2 working days 
66 

4.34 months 

PRODUCTION 144.8 feet per working day 
52 .. ...... --_ .... 

MOLING TIME 
328 

8.2 hours per working day 

MOLE UTI LI ZA TI ON 40 percent 

P. Eo Sperry 18-Jul'87 \AZFM-CAL\TBM-3 

MOLE AVAILABILITY 76 percent 

335 

211 

1306 

2188 

TBM EXCAVATION PROGRESS, CONTRACT # 3 PAGE 11 
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B C D E F G H 
., 
6 HOURS 
7 PROOUCTION 
8 HOLING HARD 3,696 feet at 10.5 FPH 352 
9 MEDIUH o feet at 14.1 FPH 0 

10 SOFT 27,984 feet at 35.0 FPH 800 
11 total 31,680 feet 
12 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 
15 
16 TOTAL PROOUCTION TIHE 
17 
18 DelAYS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

ROCK SUPPORT 
ERECT SEGMENTS 

SPOT BOLTS 
SPLIT SETS & ClF 
STEel SETS 
CRIB GRIPPERS 
MUCK FALLOUT 

HAULAGE 
TRAIN CHANGE 
WAIT FOR TRAINS 
DERAILMENTS 

HOISTING 

VENTILATION 

POWER 
ADD CABLE 
OOTAGES 

CUTTERS 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SH I FT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

7995 rings at 3.5 ft wide 
10 min per ring 50 X delay 
15 each at 5 min/each 
46 rows at 20 min/each 
18 each at 60 min/each 

o min/tunnel foot 
20 min/working day 
10 min/working day 

10 min/working day 

6 min/section 20 ft/section 

4 hrs/1000 feet of tunnel x 80X 
4 hrs/outage 5 outages 

4 cutters/week 1.5 hrs/cutter 

AZ SSC MARICOPA 

29.4 X of moling 
0.5 min/tunnel foot 

5 X of segment erection time 
use handheld - no delay 

1 r. of moling 

15 min/shift 
o min/working dny 
5 working dnys 

666 
1 

15 
18 
28 

280 

0 
57 
29 

98 
20 

339 
264 
67 
o 

12 

128 
o 

120 
8 

48 

Ie l H N 0 

TOTAL NOTES 
HOURS 

1. TBM production based on rock tests and advice 
from The Robbins Company. 

1152 2. Delay factors based on experience at River 
Mountails and Navajo 3 Tunnels and on analysis 
of data from P. N. Nelson thesis. 

32 3. Heading mechanic operates TBM during lunch. 
333 

FOOTNOTES 
1517 

(1) Hard and medium rock. 
(2) Soft rock. 

ACCESS VIA: BOX PORTAL 

TUNNEL BORING MACHINE: COMBINATION 

1009 TBM THRUST OFF: SIDES 

EXCAVATED DIAMETER: 11.0' 

CUTTER SIZE: 17" 
86 

SCHEDULED HOURS 24 hours per working day 
29 

ELAPSED TIME 171.1 working days 
158 

8.15 months 

PROOUCTION 185.2 feet per working day 
118 ................. 

HOLING TIME 6.7 hours per working day 
205 

HOLE UTILIZATION 37 percent 

P. E. Sperry 18-Jul-87 \AZFM-CAl\TBM-4 

681 

303 

2589 

4106 

MOLE AVAILABILITY 87 percent 

TBM EXCAVATION PROGRESS, CONTRACT # 4 PAGE 12 
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J 

6 HOURS TOTAL NOTES 
7 PRODUCTION HOURS 
8 MOllNG HARD o feet at 10.5 FPH 0 1. TBM production based on rock tests and advice 
9 MEDIUM 10,824 feet at 14.1 FPH 768 from The Robbins Company. 

10 SOFT 28,776 feet at 35.0 FPH 822 1590 2. Delay factors based on experience at River 
11 total 39,600 feet Mountains and Navajo 3 Tunnels and on analysis 
12 of data from P. N. Nelson thesis. 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 0 3. Heading mechanic operates TBM during lunch. 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 343 
15 FOOTNOTES 
16 TOTAL PRODUCTION TIME 1932 
17 (1) Hard and medium rock. 
18 DELAYS (2) Soft rock. 
19 ROCK SUPPORT 
20 ERECT SEGMENTS 8222 rings at 3.5 ft wide 
21 10 min per ring 50 r. delay 685 
22 SPOT BOLTS 433 each at 5 min/each 36 ACCESS VIA: 350' SHAFT 
23 SPLIT SETS & CLF 81 rows at 20 min/each 27 
24 STEEL SETS 27 each at 60 min/each 27 TUNNEL BORING MACHINE: COMB I NATION 
25 CRIB GRIPPERS 34 
26 MUCK FALLOUT 301 1110 TBM THRUST OFF: SIDES 
27 
28 HAULAGE EXCAVATED DIAMETER: 11.0' 
29 TRAIN CHANGE o min/tunnel foot 0 
30 WAIT FOR TRAINS 20 min/working day 73 CUTTER SIZE: 17" 
31 DERAILMENTS 10 min/working day 36 109 
32 SCHEDULED HOURS 24 hours per working day 
33 HOISTING 30 min/working day 109 
34 ELAPSED TIME 217.7 working days 
35 VENTILATION 6 min/section 20 ft/section 198 
36 10.37 months 
37 POWER 
38 ADD CABLE 4 hrs/1000 feet of tunnel x 80r. 124 PRODUCTION 181.9 feet per working day 
39 OUTAGES 4 hrs/outage 6 outages 25 148 .................. 
40 MOllNG TIME 7.3 hours per working day 
41 CUTTERS 6 cutters/week 1.5 hrs/cutter 392 
42 MOLE UTILIZATION 37 percent 

AZ SSC MARICOPA P. E. Sperry 18·Jul·87 \AZFM·CAL\TBM·5 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SHIFT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

28.9 r. of moling 
0.5 min/tunnel foot 

5 r. of segment erection time 
use handheld . no delay 

1" of moling 

15 min/shift 
o min/working day 
5 working days 

459 
330 
69 
o 

16 

163 
o 

120 
10 
59 

874 

352 

3292 

5224 

MOLE AVAILABILITY 84 percent 

TBM EXCAVATION PROGRESS, CONTRACT # 5 PAGE 13 
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B C 0 E G H , 
6 HOURS 
7 PROOUCTI ON 
8 MOLING HARD o feet at 10.5 fPH 0 
9 MEDIUM o feet at 14.1 FPH 0 

10 SOFT 45,408 feet at 35.0 FPH 1297 
11 total 45,408 feet 
12 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 
15 
16 TOTAL PRODUCTION TIME 
17 
18 DELAYS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

ROCI( SUPPORT 
ERECT SEGMENTS 

SPOT BOLTS 
SPLIT SETS & CLF 
STEEL SETS 
CRIB GRIPPERS 
MUCI( FALLOUT 

HAULAGE 
TRAIN CHANGE 
WAIT FOR TRAINS 
DERAILMENTS 

HOISTING 

VENTILATION 

PO\lER 
ADD CABLE 
ooTAGES 

CUTTERS 

EQUIPMENT REPAIR 
TBM 
TRA I LI NG FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SHIFT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

12974 rings at 3.5 ft wide 
10 min per ring 50 Y. delay 1081 
o each at 5 min/each 0 
o rows at 20 min/each 0 
o each at 60 min/each 0 

45 
454 

o min/tunnel foot 0 
20 min/working day 74 
10 min/working day 37 

10 min/working day 

6 min/section 20 ft/section 

4 hrs/1000 feet of tunnel x 80Y. 
4 hrs/outage 6 outages 

2 cutters/week 1.5 hrs/cutter 

AZ SSC MARICOPA 

30.0 Y. of moling 
0.5 min/tunnel foot 

5 % of segment erection time 
use handheld - no delay 

1 % of moling 

15 min/shift 
o min/working day 
5 working days 

142 
25 

389 
378 
108 

o 
13 

167 
o 

120 
11 
68 

I( l M N 0 

TOTAL NOTES 
HOURS 

1. TBM production based on rock tests and advice 
from The Robbins Company. 

1297 2. Delay factors based on experience at River 
Mountains and Navajo 3 Tunnels and on analysis 
of data from P. N. Nelson thesis. 

0 3. Heading mechanic operates TBM during lunch. 
541 

FOOTNOTES 
1838 

(1) Hard and medium rock. 
(2) Soft rock. 

ACCESS VIA: BOX PORTAL 

TUNNEL BORING MACHINE: SOFT 

1581 TBM THRUST OFF: SIDES 

EXCAVATED DIAMETER: 11.0' 

CUTTER SIZE: 17" 
111 

SCHEDULED HooRS 24 hours per working day 
37 

ELAPSED TIME 222.9 working days 
227 

10.62 months 

PRODUCTION 203.7 feet per working day 
167 ---_ .. _---

MOLING TIME 5.8 hours per working day 
134 

MOLE UTILIZATION 34 percent 

P. E. Sperry l8'Jul-87 \AZFM-CAL\TBM-6 

MOLE AVAILABILITY 90 percent 

889 

366 

3512 

5350 

TBM EXCAVATION PROGRESS, CONTRACT # 6 PAGE 14 
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'B C 0 E F G H K l M N 0 -
6 HOURS TOTAL NOTES 
7 PROOUCTI ON HOURS 
8 MOLING HARD 4,224 feet at 10.5 FPH 402 1. TBM production based on rock tests and advice 
9 MEDIUM o feet at 14.1 FPH 0 from The Robbins Company. 

10 SOFT 14,256 feet at 35.0 FPH 407 810 2. Delay factors based on experience at Riv~r 
11 total 18,480 feet Mountains and Navajo 3 Tunnels and on analysis 
12 of data from P. N. Nelson thesis. 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 37 3. Heading mechanic operates TBM during lunch. 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 170 
15 FOOTNOTES 
16 TOTAL PRODUCTION TIME 1016 
17 (1) Hard and medium rock. 
18 DELAYS (2) Soft rock. 
19 ROCK SUPPORT 
20 ERECT SEGMENTS 4073 rings at 3.5 ft wide 
21 10 min per ring 50 " delay 339 
22 SPOT BOLTS 17 each at 5 min/each 1 ACCESS VIA: BOX PORTAL 
23 SPLIT SETS & ClF 53 rows at 20 min/each 18 
24 STEEL SETS 21 each at 60 min/each 21 TUNNEL BORING MACHINE: COMB I NATION 
25 CRIB GRIPPERS 14 
26 MUCK FALLOUT 143 536 TBM THRUST OFF: SIDES 
27 
28 HAULAGE EXCAVATED DIAMETER: 11.0' 
29 TRAIN CHANGE o min/tunnel foot 0 
30 WAIT FOR TRAINS 20 min/working day 37 CUTTER SIZE: 17" 
31 DERAILMENTS 10 min/working day 18 55 
32 SCHEDULED HOURS 24 hours per working day 
33 HOISTING 10 min/working day 18 
34 ELAPSED TI ME 110.6 working days 
35 VENTILATION 6 min/section 20 ft/section 92 
36 5.26 months 
37 POWER 
38 ADO CABLE 4 hrs/1000 feet of tunnel x 80" 56 PRODUCTION 167.2 feet per working day 
39 OUTAGES 4 hrs/outage 4 outages 15 70 . ................... 
40 MOLING TIME 7.3 hours per working day 
41 CUTTERS 6 cutters/week 1.5 hrs/cutter 199 
42 MOLE UTILIZATION 38 percent 

AZ SSC MARICOPA P. E. Sperry 18·Jul·87 \AZFM·CAL\TBM·8 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SH I FT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

ARIZONA SSC, MARICOPA SITE 

28.9" of moting 
0.5 min/tunnel foot 

5 " of segment erection time 
use handheld . no delay 

1 " of mol ing 

15 min/shift 
o min/working day 
5 working days 

234 
154 
34 
o 
8 

83 
o 

120 
4 

28 

430 

235 

1637 

2653 

MOLE AVAILABILITY 84 percent 

TBM EXCAVATION PROGRESS, CONTRACT # 8 PAGE 15 
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B C 0 E F G H J 
5 
6 HOURS TOTAL 
7 PRODUCTION HOURS 
8 MOllNG HARD 38,016 feet at 12.7 FPH 2993 
9 MEDIUM o feet at 17.0 FPH 0 

10 SOFT o feet at 35.0 FPH 0 2993 
11 total 38,016 feet 
12 
13 RESET (1) 4.75 ft/stroke at 2.5 min/stroke 333 
14 RESET (2) 3.50 ft/stroke at 2.5 min/stroke 0 
15 
16 TOTAL PRODUCTION TIME 3327 
17 
18 DELAYS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

ROCK SUPPORT 
ERECT SEGMENTS 

SPOT BOLTS 
SPLIT SETS & CLF 
STEel SETS 
CRIB GRIPPERS 
MUCK FALLOOT 

HAULAGE 
TRAIN CHANGE 
IJA IT FOR TRA I NS 
DERAILMENTS 

HOISTING 

VENTILATION 

POIJER 
ADD CABLE 
OOTAGES 

CUTTERS 

EQUIPMENT REPAIR 
TBM 
TRAILING FLOOR 
SEGMENT ERECTOR 
DRILLS 
OTHER 

OTHER 
SHIFT CHANGE 
LUNCH 
STARTUP 
SURVEY 
CURVES 

TOTAL DELAY TIME 

TOTAL TIME REQUIRED 

o rings at 3.5 ft wide 
10 min per ring 50 % delay 0 

152 each at 5 min/each 13 
190 rows at 20 min/each 63 

o each at 60 min/each 0 
0 
0 76 

o min/tunnel foot 0 
20 min/working day 103 
10 min/working day 52 155 

30 min/working day 155 

6 min/section 20 ft/sect i on 190 

4 hrs/1000 feet of tunnel x 80% 118 
4 hrs/outage 8 outages 33 152 

20 cutters/week 1.5 hrs/cutter 1856 

AZ SSC MARICOPA P. E. Sperry 

25.0 % of moling 
0.5 min/tunnel foot 

5 % of segment erection time 
use handheld . no delay 

1 % of mol ing 

15 min/shift 
o min/working day 
5 working days 

748 
317 

o 
o 

30 1095 

232 
o 

120 
9 

57 418 

4096 

7423 

K L M N 0 

NOTES 

1. TBM production based on rock tests and advice 
from The Robbins Company. 

2. Delay factors based on experience at River 
Mountains and Navajo 3 Tunnels and on analysis 
of data from P. N. Nelson thesis. 

3. Heading mechanic operates TBM during lunch. 

FOOTNOTES 

(1) Hard and medium rock. 
(2) Soft rock. 

ACCESS VIA: 320' SHAFT 

TUNNEL BORING MACHINE: HARD ROCK 

TBM THRUST OFF: SIDES 

EXCAVATED DIAMETER: 10' 

CUTTER SIZE: 17" 

SCHEDULED HOURS 24 hours per working day 

ELAPSED TIME 309.3 working days 

14.73 months 

PRODUCTION 122.9 feet per working day -.... -.... _ .... 
MOllNG TIME 9.7 hours per working day 

MOLE UTILIZATION 45 percent 

18-Jul'87 \AZFM-CAL\TBM-9 

MOLE AVAILABILITY 65 percent 

ARIZONA SSC, MARICOPA SITE TBM EXCAVATION PROGRESS, CONTRACT # 9 PAGE 16 



5 EXCA~"rION SUMMARY 
6 
7 CONTRACT NUMBER 1 3 4 5 6 8 9 8 EXCAVATED FROM BOX PORTAL BOX PORTAL BOX PORTAL 350' SHAFT BOX PORTAL BOX PORTAL 350' SHAFT 9 PORTAL MILEPOST 5.00 12.80 15.30 28.80 37.40 41.50 45.00 10 TO END MILEPOST 52.20 15.30 21.30 21.30 28.80 45.00 52.20 11 MAXIMUM EXCAVATION GRADE X adverse 0.47 favorable 0.28 favorable 0.28 favorable 0.42 favorable 0.42 adverse 0.28 adverse 0.09 TOTAL 

12 GENERAL ROCK DESCRIPTION SOFT SOFT & HARD SOFT & HARD SOFT & MED tuM SOFT SOFT & HARD HARD TUNNEl V) 13 HEADING LENGTH FT 29,568 13,200 31,680 39,600 45,408 18,4S0 3S,016 215,952 -~ 14 TUNNEL EXCAV DIA FT 11.0 11.0 11.0 11.0 11.0 11.0 10.0 40.9 
~ 15 TUNNEL FINISHED DIA FT 10.0 10.0 10.0 10.0 10.0 10.0 10.0 
<:;) 16 EXCAVATION METHOD TBM TBM TBM TBM TBM TBM TBM ......., 17 HORSEPO\IER 600 900 900 SOO 600 900 900 
~ 18 ESTIMATED ADVANCE RATE ft/day 201.0 144.S 185.2 181.9 203.7 167.2 122.9 -. 19 TUNNEL EXCAVATION MONTHS 7.0 4.3 8.1 10.4 10.6 5.3 14.7 
H 20 
~ 21 MUCK HAULAGE RAIL RAIL RAIL RAIL RAIL RAIL RAIL ~ 22 WEIGHT OF RAIL ii/YO SO 80 80 SO 80 80 SO 
";> 23 TRACK GAGE IN. 24 24 24 24 24 24 24 
"'"' 24 TRAILING FLOOR TYPE PASS AT HEADING PASS AT HEADING PASS AT HEADING PASS AT HEADING PASS AT HEADING PASS AT HEADING PASS AT HEADING ~ -. 25 MAXIMUM LOCOMOTIVES IN USE 3 1 3 3 4 2 2 
" 26 LOCOMOTIVE ENGINE MAKE CAT CAT CAT CAT CAT CAT CAT <:;) 

27 ENGINE HP 110 110 110 110 110 110 110 '" ~ 28 IIEIGHT TONS 10 S 8 S 8 8 10 
V:l 29 IIIDTH IN. 41 41 41 41 41 41 41 ::::: 30 HEIGHT IN. 52 52 52 52 52 52 52 ~ 31 PASSING TRACKS each 2 0 2 2 3 1 1 
V:l 32 
~ 33 FANLINE DIAMETER IN. 34 34 34 34 34 34 34 '" ~ 34 FAN SIZE HP 50 50 50 50 50 50 50 
2 35 CAPACITY CFM 19000 19000 23300 19000 19000 19000 19000 
\)- 36 FAN SPACING FEET 3000 3000 3000 3000 3000 3000 3000 co 37 
.~ 

38 ACCESS SHAFT DEPTH FEET 60 50 100 350 70 70 320 
.39 MUCK HOISTING FROM TUNNEL CONVEYOR CONVEYOR CONVEYOR MINE HOIST CONVEYOR CONVEYOR MINE HOIST ..... 40 REQID HOISTING CAPACITY TPH 216 96 216 216 216 216 96 'C 41 SHAFT EXCAV DIA FEET 25 25 C:J 

'-.l 42 SUPPORTED DIA FEET 24 24 
43 LINED DIA FEET 21 21 

AZ SSC MARICOPA P. E. Sperry 18'Jul'S7 \AZFM'CAL\SUMMARY 

44 MUCK CAR DUMP TYPE ROTARY DUMP ROTARY DUMP ROTARY DUMP LIFT OFF ROTARY DUMP ROTARY DUMP LIFT OFF 
45 MUCK CAR BOX LENGTH FT 33.0 33.0 33.0 21.0 33.0 33.0 21.0 
46 IIIDTH IN 41 41 41 41 41 41 41 

J 47 HEIGHT IN 53 53 53 53 53 53 53 
::::- 48 CAPACITY CY 14.6 14.6 14.6 8.8 14.6 14.6 8.S 
2 49 
co 50 
t...v 51 ROCK TYPE SOFT MEDIUM HARD 
'"1:1 52 CEMENTED ALLUVIUM SCH I ST ILAT ITE DIORITE/GRANITE 
~ 53 IIEIGHT OF ROCK illSeY 3500 4400 5220 
()~ 54 PENETRATION RATE FTIHR EXCAV DIAMETER 10 1 17.0 12.7 ~ 

55 111 35.0 14.1 10.5 ~ ... 
~ 56 INITIAL AND FINAL SUPPORT PRECAST SEGMENTS SPOT BOLTS SPOT BOLTS 
c;:, 57 EXPANDED AT BACK PATTERN BOLTS PATTERN BOLTS 

58 5" THICK 3/4 SETS 3/4 SETS 
59 TBM STROKE feet 4.0 5.0 5.0 
60 CUTTER COST $/CY 0.50 4.00 4.50 
61 THRUST TBM FROM SlOES SlOES SIDES 
62 RAIL ATTACHMENT BOLT TO SEGMENT BOLT TO ROCK BOLT TO ROCK 

ARIZONA SSC, MARICOPA SITE EXCAVATION SUMMARY PAr.r 
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At SSC "ARICOPA P. E. Spmy 01-Jul-87 \m I-COS\SU""ARY 

COST SUKKARY 

CONTRACT NUK9ER 

ROCK TYPE SOFT 

ACCESS PORTAL 

LENGTH, f rrt 29,5b8 

COST Pi~r 
Rrf 

DIRECT COST b 9,672,893 

PLANT • EUUIP"EMT 15 5,255,393 

INDIRECT COST 2B 4,6IB,7I0 

TOlALS 19,546,"6 

COST PER FOOT OF TUNNEL 

DIRECT COST 327 

PLANT • [UUlP"ENT 17B 

INDIRECT COST 156 

TOtALS 661 

to!IONA SSt, SA"PLE [SmATE SU""ARY OF EsmATE PAGE 
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Al SSC "ARICOPA 

I BID QUANTlTV 
2 

4 PRDDUCTlON: 
5 
6 
7 
8 
9 

10 
II 

29,568 lF 

201.0 FPD 

12 II t8" ."clrlul pOlfra 
13 el T8ft puts' supply: '1.00 tiC, 
14 b: t8" cutt.rsl to.50 IICV 
15 

c o 

11.00 F .. I ExclVllfd DIII.ter 
80l Porhl Acc!ss 

104,112 CV 

IS .. "0" Eruutlon Progrns cllcuhtion.1 

600 HP 35 FPH pmtrllion 

E F S H " 

P. E. Sp.rry 30-Jun-87 \ml-COS\DIR-tOST 

PURCHASE SUPPORTS Unl I Cost CDst 
Rod Support Bol Is IF 11.50 
ClF Sp 11 I S.h EA to.80 
Chain lint F.brlc SF to.35 
SI!.I 5,h, PI 80 40,000 I '0.60 24,000 
Bloeting • L.gqlng 8 m t400.00 3,200 
Sholcr.h 180 CV t80.00 14,400 

TOt Al SUPPORt COST d 41 ,600 

PURCHASE CONCRETE 
Pr,c.sl S.q.,nh 29,568 lF tIOO.OO 2,956,800 
InYfrl PlYing 8,072 CV t60.00 484,324 

tOtAL CONCREtE COST 3,441,124 

P R T U N • 1 AA AC Ab 16 
17 CREV ILA90R :EDUIP PARTS IEQUIP OIlNERSHIPlEIPEND "ATlS IPm "ATts ISU8CONTRACTS :TOTAL DIRECT COST 
18 DESCRIPtiON QUAN um : UNIT TOTAL. 

8900 CV 
:UNIT TOTAL t 
1 

:UNIT TOTAL t IUNIt TOTAL t :UNIT TOTAL. !UNIT TOTAL t WHIT TOTAL. 
19 Partll ExuVlItion Ind Support 
20 Stuling Chuber Exuvilion Ind Support 
21 hil Tunn.1 Exclvltlon Ind Support 
22 Purchn. Supports 
21 T9" Exunti on Ind tunn.1 Support 
24 T8" Op.ratlon 

OS 
OS 

T8" 

12 NO I 7803 
VO 1 

141 110 lI7813 

25 Instill CII ifornil S.ltch 
16 "uc' Oi sposll 

TB" 4 110 117813 

27 Siturday ",Intenanc. 
28 Rnon F.nlln., TB" • Trlllln9 Floor 
19 EI • Supt EI.ctron ShI.ldin, Mitchn 
30 hcaVite • Support Po •• r Alcoves 
31 Purch.S! Concr.te linin, "alfrlall 
32 Plm Sholcr.tp linin, 75 FPD 
n Pile. In"rl Concnl. 
:'4 RUDY' UtilltlP5 Ind Final CIPlnup 
l5 
36 
~7 

:8 

5" 
3,000 FPO RF 

41 EA "E 
7 EA "E 

700 IF SH 
700 FPD IC 

1,000 FPD CU 

104112 CY 
29 VD 
IOWD 
47 VO 
29 110 

9 110 
44 liD 
30 110 

I 5662 
111961 
1 9337 
I 9337 
I 
112501 
114141 
110m 
I 

:9 Sull Tools and hp.ndabln 
lO 

4.67 1 01 Dir.el labor 

H 
11 

1 I 
93,m 1 877 10,524 1 

1 I 
I 

2,620,372 I 781 
Ie 

71,252 1 400 
If 

166,581 : 155 
117,888 I 777 
439,211 : m 
273,866 I 42J 

1 
116,676 : 381 
652,142 : 701 
306,118 I 651 

I 
I 
I 

114,889 1 
104,112 1 

1,600 1 
15,206 1 
4,560 1 
7,658 I 

19,853 1 
12,407 I 

1 
3,556 I 

31,012 I 
19,249 : 

1 
I I 

Ib 

';l UNIT COST PER TUNNEl FOOT and TOTALS 164 4,856,746 1 12 344,626 I 
H 

;~ DIRECT COST ARIZONA SSC 

100 
300 

Id 
1 
Ir 

52,056 I 

1 
4,693 I 350 
8,H9 11400 

: 25 222,500 1 222,500 
41,600 I I 145,760 

3,441,124 I 
I 

16,421 I 
41,064 I 

416,448 I 

3,441,124 
2,735,261 

156,169 
72,852 

431,654 
171,141 
125,546 
479,189 
336,136 

120,232 
683,154 
m,m 

226,810 I 216,810 

10 291,359 120 3,540,214 I 22 638,949: '327 ',672,993 

PASE 
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9 
Fi ARItOIlA SSC IIARICOPA P. E. Sperry 30-Jun-B1 \Am -COS\ TBII 
'> 

~ I 8 C D E F 8 H L " II 0 I R S T U V • -. 2 CRU RATE COST I EDUIPIIENT OPERATION HR SH HR ------- PER DAY ----------
..., 
c J NUIIBER OF !lEM PER PER mARr.S I UNITS OPR OPR OPR REPAIR LABOR PARTS' SUPP ~ 
~ 4 CLASSIFICATION DAY SI SY TOTAL SHIFT DAY I DESCRIPTION TOT SPA USE PER PER PER !IAN-HOURS DOLLARS 
V) 5 I SH DAY DAY UNIT TOTAL UNIT TOTAL -. 6 SHIFTER 1.0 1.0 1.0 3.0 I VENT FAil, 50 HP 10.0 5.5 M B.O 3.0 lOB 0.010 I 1.63 176 -.:-> 7 I 
V) 8 "DlE OPERATOR 1.0 1.0 1.0 1.0 I '" , IIOL E IIECHAN I C 1.0 1.0 1.0 1.0 I SCRUBBER AND 25 HP FAN 2.0 1.0 1.0 2.0 1.0 6 0.030 0 0.93 6 ~ - 10 I WELDER 1.0 1.0 1.0 3.0 3 0.005 0 0.78 2 '" ~ II GREASER 1.0 1.0 
Cl-

12 I '" ..., 
13 CONVEYOR OPR 1.0 1.0 1.0 1.0 conveyor on trill I n, II oor 1 TRAILING CONVEYOR 1.0 1.0 2.0 3.0 . \ 6 16.77 101 N 14 I 

'- 15 mERS 2.0 2.0 2.0 6.0 plue uglenh : DRILLS, HAND HELD 3.0 2.0 1.0 0.040 1.62 '0 
16 THACmN 3.0 3.0 3.0 9.0 help liners' Ily rail' Install C::> 

'-I 11 REAR IIINER utllltips 
18 I lOCOIIOTlVE, 10 Ton! 4.0 2.3 1.7 3.0 3.0 15 0.340 5 10.29 157 
19 IIOTORIIEN 1.7 1.1 1.7 5.1 avera.e nUlber Dyer Job 
20 BRAKE liEN 1.7 1.7 1.7 5.1 aveflge nUlber over job : ROTARY DUIIP 1.0 1.0 1.0 3.0 3 0.090 0 4.84 15 
21 : IIUCk CARS 14.0 4.6 9.4 2.0 3.0 56 0.050 3 0.70 39 
22 BUlL GANG 411AM 1.0 1.0 "erage nUlber over job I 
2~ BULL GANG LABOR 1.5 1.5 a¥rrlge nUlber over Job I flAT CARS 7.0 3.4 J.6 1.0 1.0 II 0.015 0 0.50 5 
24 I IIANHAUL CAR 1.0 1.0 1.0 1.0 3 0.040 0 G.U 2 
25 pUIIPm dry tunnel I PUIIPS, I HP 4.0 1.0 0.005 0.14 
26 I 3 HP 4.0 3.0 0.005 0.26 .....:: 27 ElECTRICAL 411A" IndIrect cost I 5 HP 4.0 3.0 0.010 0.50 c 

:? 28 ElECTRICIAN I 13 HP 2.0 1.0 1.0 0.3 3.0 0.015 0 0.B7 
~ 29 I 30 HP 1.0 1.0 0.020 I.U '" 30 CONVEYOR OPR 1.0 1.0 1.0 3.0 !tilckin, conveyor at portal I PORTAL FEEDER' CONVEYOR 1.0 1.0 1.0 3.0 3 0.030 0 7.33 22 ;..... 31 LOADER DPR 1.0 1.0 IOild! truth lor lUck hlul to disposal I FRONT m LOADER, 6 CY 1.0 1.0 7.0 1.0 1 o.m 2 24.52 112 ~ 31 I ~ 

:'3 MELDER - SHOP 1.0 1.0 I MELDER 1.0 1.0 4.0 1.0 0.005 0 0.7B 3 
()~ 

'" 34 I COIIPRESSOR, 1200 CFII 1.0 1.0 I. 0 3.0 0.071 0 7.75 23 "v .. 
I BIT GR I NDER 0.010 1.32 ',-, .'J 

-l.. :6 I IIAM ElEVATOR 0.300 3.50 17 HOIST OPERATOR I SHAFT HOIST, 400 HP 0.550 26.46 38 CRANE OPERATOR 1.0 1.0 1.0 3.0 load precut seglPnts I YARD CRANE, 25T 1.0 1.0 2.0 3.0 0.290 2 8.83 53 
~q OUTSTDE lABOR 1.0 2.0 2.0 6.0 lold PrPClst seglPnts 
1'/ CAR "OYER OPR 0.4 0.4 0.4 1.3 ilvtf ilge nUlbpf OYtf Job : CAR IIOYER 1.0 0.6 0.4 1.0 1.0 0.060 0 2.87 \I I 
.2 TOIAlS PER DAY 22.3 16.8 16.8 56.0 15 781 
.; TOTAL lABOR "AN-SHIFTS PER DAY 57.8 308 17BI3 
~4 

~~ llINN£l PORING "ACHINE ElCAYATJON CREW AND EgUIP"ENT OPERATION ml PAGE 
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<1:> 

N 
N 
v. 

I 
2 CREII 

4 CLASSIFICATION 
5 

. 6 SHIFTER 
1 
B ","ERS , 

10 LABORERS 
II 
12 OPERATOR 
13 
14 OUTSIDE LABOR 
15 
16 
17 
19 
I' 
20 
21 
22 
2l 
24 
25 
2& 
27 
29 
29 
3Q 
II 
n 
II 
34 
:'5 
:~ 

37 
~9 
;., 
10 

1\ 

ARIZONA SSC 

c 0 E F B H 
RATE COST 

NUmR OF IlEII PER PER 
OAT 511 6Y TOTAL SHIFT DAY 

1.0 1.0 1.0 3.0 

2.0 2.0 2.0 6.0 

4.0 4.0 4.0 12.0 

2.0 2.0 2.0 6.0 

2.0 2.0 2.0 6.0 

q TotALS ~ER DAY 11.0 11.0 11.0 33.0 
n TOTAL LABOR "AN-SHIFTS PER OAT 33.6 l09 10m 
14 

mARKS 

OPERATIONS 

Rrloye pOllfr Clbh Ind II ghh. 
Rrlon fir Ind Wlter lines. 
tl !lnup concretr IPn. 
tleu drlinlgelllY. 
ReiDY! utility bolts, ,ins, etc. 

PRODUCTION 

350'/shlft • IOOO'/dIY 

P. E. Spmy 30-Jun-87 \Am -COS \ClEANUP 

L " II 0 Q R S T U Y • I EOUIP"ENT OPERATION HR SH HR _._--_. PER DAY •• - ••••• 
I UNITS OPR OPR OPR REPA IR LABOR PARTS' SUPP 

DESCRIPTION TOT SPA USE PER PER PER "AN-HOURS DOLLARS 
SH DAY DAY UNIT TOTAL UNIT TOTAL 

VENT FANS, 50 HP 2.0 2.0 B.O 3.0 48.0 0.015 I \.63 78 

DIESEl BUS6Y 2.0 2.0 7.0 3.0 42.0 0.\00 4 Il.63 572 

651 

;5 ClEANUP CREW AND EOUIPmT OPERATION CU PAGE 
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ARIZONA sse P. E. Spmy 30-Jun-87 \Al"I-COS\DlS g 

~ 
"> I F & H L " M 0 II R S T U V " ~ 2 CREV RATE COST I EQUIPftENT OPERATION HR SH HR -------- PER DAY -------;:;. NUn8ER OF IlEII PER PER mARKS I UNITS OPR OPR OPR REPAIR LABOR PARTS ~ SUPP 0 4 CLASSIFICATION DAY SW 6Y TOTAL SHIFT DAY : DESCRIPTION TOT SPA USE PER PER PER nAN-HOURS DOLLARS ':::s 
~ 5 I SH DAY DAY UNIT TOTAL UNIT TOTAL c.., 6 SHIFtER 1.0 1.0 1.0 3.0 Use this tn. for tvnn!1! up to 0.5 -. 1 mER 2.0 2.0 2.0 6.0 Iii!! Ion!. -'" 8 CHUCKTENOER 1.0 1.0 1.0 3.0 c.., , PRODUCT I OM I 1 '" ':::s IQ 1 HAMO HELD DRILLS 3.0 2.0 1.0 1.0 1.0 1.0 o.oeo 0 1.61 2 ;:, II HEADING lIEtN e round!@ 6'. l4·/day. I DRIll JU"BO, 2 PR-55 1.0 . 1.0 3.0 3.0 9.0 0.e80 4 17.8e 161 ::i 12 LHD OPERATOR 2.0 2.0 2.0 6.0 I LHD, 2 CY 3.0 1.0 2.0 3.0 3.0 18.0 0.560 10 16.'2 m 0-

'" Il ftUCKER OPR for Itlriu, 1110. 12' Idly. I 
14 T~UCK DRIVERS 1.0 1.0 1 !"v 15 I POWDER TRUCK 1.0 1.0 1.0 3.0 3.0 0.210 I 17.80 53 ....... 16 : NIP TRUCK 1.0 1.0 3.0 3.0 9.0 0.210 2 16.80 151 '0 
17 POnUMN 1.0 1.0 00 

'-l 19 POllD£RIIAN HlPR : AHO POTS 
n I 
20 I 
21 I 
22 I SHOT CRETE BUM 
21 I SHOTCRETE "IlER 
24 I SHOTCRHE TRUCK I CAR 
2~ BULL 6ANG 4"AM I VENT fANS, SO HP 2.0 1.0 1.0 B.O 3.024.0 0.010 0 1.63 39 
26 BUll GANG LAB I 
21 I PUIIP - AIR 2.0 1.0 1.0 2.0 3.0 6.0 0.025 0 1.70 10 ~ 28 REtlR I CAL 4"A" I PUIIP - ELECTRIC 0 

:::- 2' mmlCIAM I 
~ 30 I ;::; 

~I DRILL DOCTOR 1.0 1.0 I 
~ 32 Bil GRINDER I BIT SR I "OER 1.0 1.0 2.0 1.0 2.0 0.010 0 t.ll 3 '"0 n I SAW l.O 2.0 1.0 1.0 1.0 1.0 o.oeo 0 1.91 2 :::, 
(}~ }4 

'" ~s COftPR£SSOR OPR : COftPRESSORS, 1200 Cr" 2.0 1.0 1.0 6.0 3.0 IB.O o.m I 7.75 140 '" 36 '" 0- J] 

~8 
3q I SRADER 1.0 1.0 1.0 I.O() \.0 0.250 o 12.10 11 
~rJ OUtSIDE LABOR 2.0 1.0 
II 
42 TOTALS PER DAY 11.0 6.0 6.0 23.0 n B17 
::; TOIAl LABOR MM-SHIFTS PER DAY 25.1 308 1903 
:4 
"~ n~111 ~ SHOOT ElCAVATlON CREV AND EOUTPIIEMT OPERAlIOM DS PA6E 
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~ ARIZOHA SSC 

f5 
P. E. Sperry 10-Jun-87 IAZ"I-COS\ I HY-CONt 

~ I a c 0 E F 6 M l " II 0 I II S T U Y II ~ 
'"I 2 CREII RATE COST I EDUIP"ENT OPERATION HR SH HR ------- PER DAY ---------. <") 3 IIU"BER OF "EM PER PER REftARKS UMITS OPR OPR OPR REPAIR LABOR PARTS. SUPP c 

'1:J 4 CLASSIFICATlOII DAY Sit 6Y TOTAL SHIFT DAY I DESCRIPTION TOT SPA USE PER PER PER "AN-HOURS DOLLARS ~ 5 I SH DAY DAY UNIT TOTAL um TOTAL V) 6 SHIFTER 1.0 1.0 1.0 1.0 PLACE 7' IIDE FLAT INVERT NlTH DRAINASEIIAY : VEIIT FANS 50 HP 2.0 2.0 B.O 3.0 48.0 0.010 0 I.U 78 -. ..... 
7 PU"P OPERATOR 1.0 1.0 I CONCRETE PU"P 1.0 1.0 4.0 1.0 4.0 0.620 2 36.04 144 ~ 

V) B COHVEYOR OPR 1.0 1.0 LINED DIAftETER! 10' I MET BELT 1.0 1.0 4.0 1.0 4.0 0.025 0 1.09 4 

'" 9 SCREED OPERATOR 1.0 1.0 CY PER FOOT OF TUNNEl! 0.26 I SCREED 1.0 1.0 4.0 1.0 4.0 2.00 B '1:J 10 AGITATOR TENDER 1.0 1.0 I lIElDER 1.0 3.0 1.0 1.0 0.005 0 0.78 2 ~ 
~ 11 SCHEDUlE ------------------------------ I A6ITATORS, 6 CY 7.0 1.0 6.0 4.0 1.0 24.0 0.210 5 5.60 m 
0- 12 HOnmAN 1.0 1.0 
~ 13 VI8RATORKU 2.0 2.0 DAY SHIFT I YIBRATORS 4.0 2.0 2.0 4.0 1.0 8.0 0.090 1.18 , 
-'" 14 CONCRETE LABOR 1.0 1.0 flni 5h scrud ral I! • phce concrete I 

15 700' 2 IB2CYfdlY I ..... 
16 FIlII SHER 4"AII 1.0 1.0 2.0 I '0 

O::l 17 FINISHERS 2.0 2.0 4.0 SilINS SHIFT 'J 
18 tlunup and shrt scrud raIl! 
19 CLEANUP LABOR 1.0 1.0 6.0 700· •• IOCYITF=70CY luck to rno" 
20 DOlER OPR 
21 KUCKER DPR 1.0 1.0 2.0 6RAVEYARD SHIFT I "UCKER, BOBCAT 1.0 1.0 6.0 2.0 12.0 0.180 2 2.51 11 
22 FOR" JU"BO OPR finish clunup lnd set screed rills I 
21 FOR" LABORERS 1.0 2.0 4.0 '.0 I 
24 CARPENTER PRODUCTION! 700 fPO I 
25 HEAD INS mHo 1.0 1.0 1.0 3.0 I 
71. H(Pln FDR"S ------------------------------------ I 

...". 27 T~UCK DRIVERS DRAIMASUAY FOR"S I 
c" 29 ELECTRICAL 4"AN IOOO·.25Ide5xO.5SF •• 40· 40,000 I :::-

29 ElECTRICIAN SCREED 10,000 1 
~ ~9 PU"P"EN 1.0 1.0 HARDWEAR 5,000 f PU"PS I HP 6.0 6.0 2.0 3.0 36.0 0.005 0 0.14 5 <"0 

~ 31 TRANSIT "II OPR I PU"PS 13 HP 2.0 2.0 4.0 3.0 24.0 0.015 0 0.B7 21 
"t:J 32 "OTORHEN 2.5 1.0 1.0 4.5 TOTAL FORKS m,ooo I LOCOMOTIVES 4.0 2.5 1.5 4.0 1.0 19.0 0.340 6 10.29 185 
~ ::l 8RAn"EN 1.0 1.0 I HUCK CARS 2.0 3.0 2.0 12.0 0.050 I 0.70 8 I);:; 

~4 CO"~RESSOR OPR SUPPlIES --------------------------------- I conPRESSOR 2.0 1.0 1.0 3.0 3.0 9.0 0.071 I 7.75 70 '" 
t" :S BATCHPLANT OPR FOR" HARDNEAR '5,000 I 

'" :6 mHANIClOILER SlICKLIME 6,000 f 'J 
~1 8ATCHPLAHT LAB SCREED RAil 1,000 
:a OUTSIDE LABOR 2.0 2.0 FOR" OIL 600 
~9 F£L OPHATOR CUR (N6 CO"POUND SOU 
~~ 

41 TDTAl SUPPLIES 19,900 
~: TOTALS PER DAY 22.5 12.0 11.045.5 19 70\ 
:, TOTAL LABOR "AN-SHIFTS PER DAY 47.' 108 14741 
~l 

-5 INVERT CONCRETE cm AND E9UIP"ENT OPERATION It PAGE 10 



V) 

s 
~ 
C) 

'-.... 
~ 
~ -. 

ARIlONA SSC P. E. Sp~rry 10-Jun-87 \AZ"I-COS\mC-EIC H 
~ 
i5 
~ I B C D E F 6 H l " II 0 D R S T U V • "'" 2 CREV RATE COST I EDUIPmT OPERATION HR SII HR -------- PER DAY -------:::. -. 1 NU"SER OF "Ell PER PER RmRY.S I UMITS OPR OPR OPR REPAIR UBOR PARTS' SUPP r, 

~ CLASSIFICATION DAY SV GY TOTAL SHIFT DAY I DESCRIPTION TOT SPA USE PER PER PER "AN-HOURS DOlLARS C) 

~ 5 I SH DAY DAY UNIT TOTAL UMIT TOTAL :::. 
V) . 6 SHIFTER 1.0 1.0 1.0 3.0 US! thh to.po~1 h erell for I -. 7 ftlMER 2.0 2.0 2.0 6.0 nuvatlon and lining 0' I HAND HELD DRILLS 3.0 1.0 2.0 3.0 3.0 IB.O 0.040 1.62 29 ~ B CMUCY-TENDER 2.0 2.0 2.0 6.0 Ehctronlt Shielding Nltche! and I 
V) , Ponr AI cans. I 
'1:> 10 I ~ 11 "ECH/ftUCKER 1.0 1.0 1.0 3.0 ElECTRONIC SHIELDING HITCHES 1 "UCKER, EI"CO 25 1.0 1.0 1.0 3.0 3.0 0.370 12.8~ 39 '1:> 

~ 12 IIltchn Irt on "nbrllnt in batk. 
Cl< 11 Spuing: 630'. I 
~ \4 "OtOR"AN 1.0 1.0 1.0 1.0 2' dilltttr I 5' de~p. I LOCO"OllVE 1.0 2.0 1.0 6.0 0.340 2 10.29 62 
~ 15 BRAKE"AN 1.0 1.0 1.0 3.0 ExeaVltt, plitt stetl fOri, pia" : "UCK CARS 3.0 1.0 2.0 1.0 3.0 6.0 0,050 0 0.70 ~ 
..... 16 eoncrttt II ClI and strIp Ion. I "AN CAR 1.0 1.0 1.0 1.0 1.0 o,o~o 0 0.61 2 
'0 17 \ O::J 

18 I 'oJ 

19 POWER ALCOVES I 
20 Enhrgt tunntl on inner ~Idf of ring. 
2\ Avtragt spacing: 4400'. I 
22 ExcaVited di.,nsionsl : SHOT CRETE GUN 1.0 1.0 3.0 3.0 0.800 2 16.30 49 
21 12' long I 14' d!tp I B' high. \ SH01CRETE mER 1.0 1.0 1.0 3.0 0.500 2 '.~5 28 
2~ Eacautf and shotcr~tt II~ CY!. I SH01CRETE TRUCK I CAR 1.0 1.0 3.0 1.0 0.200 I 6.03 18 
25 BULL 6ANB 4"AN 1.0 1.0 I VENT FANS, 50 HP 2.0 1.0 1.0 8.0 3.0 24.0 0.010 0 1.63 39 
26 BULL GANG LAB 2.0 2.0 
27 DURATIONS I PU"P - AIR 2.0 1.0 1.0 2.0 1.0 6.0 0.025 0 1.70 10 

~ 28 ElECTRICAL 4"AN : PU"P - ELECTR I C C) 
29 ELECTRICIAN III teh~" I daYI. I :? 

::s 30 Aleou~: 4 day~. I 
~ 31 Provl dt ho crusl thrr~forf ~ehedul' 
t..v 32 tI.t h hd I tohl durltion. I BIT GRIIIDER 1.0 1.0 1.0 1.0 1.0 0.010 0 1.32 
'1:l ;3 I SAM 3.0 2.0 1.0 1.0 1.0 1.0 O.O~O 0 1.'1 :::. ~~ 

(}() 

35 CO"PRESSOR OPR I CO"PRESSORS, 1200 CF" 2.0 1.0 1.0 6.0 3.0 18.0 0.01\ 7.15 I ~o '1:> 

N 36 I N 
37 \ O::J 
38 
;~ 

;r) OUTSIOE LABOR 2.0 2.0 
~ I 
12 TOTALS PER DAY 11.0 B.O 8.029.0 II m n TOTAL LABOR "AN-SHIfTS PER DAY 30 108 9137 
H 

l5 mmlAH£OUS ErCAVATlON CREV AND EOUIP"ENT OPERAltON "E PASE \I 
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2 ARIZONA sse P. Eo Sp!rry 30-Jun-87 \ml-COS\REHAIt ~ 
::.. 

'" I e E F 8 H l " It 0 D R S T U V I ~ ;::;. 2 CREM RATE COST I EDUlmNT OPERATION HR SH HR ------- PER DAY ----------c 1 NU"BER OF "EM PER PER RmRy.s I UNITS OPR OPR OPR REPAIR LABOR PARTS' SUPP ~ 4 ClASSIFltmOIl DAY SI 6Y TOTAL SHIFT DAY I DESCRIPTI ON TOT SPA USE PER PER PER "Alt-HOURS DOLLARS ~ 

V, 5 SH DAY DAY UNIT TOTAl UNIT TOTAL 
:::: b SHIFTER 1.0 1.0 1.0 3.0 I VENT FAN, 50 HP 1.0 1.0 8.0 3.0 24 0.010 0 l.b3 3' ~ 7 
V, 8 "OLE OPERATOR 1.0 1.0 1.0 3.0 
~ 

9 "OLE "ECHANIC 1.0 1.0 1.0 3.0 ~ 
'" 10 
2! II SREASER 1.0 1.0 
,~ 12 '" " I J CONVEYOR OPR 
.t-v 14 
"- 15 "INERS 2.0 2.0 2.0 6.0 
'C Ib TRACK"EN 1.0 1.0 1.0 3.0 O:l 
'-l 17 REAR "INER 

18 
19 ftOTOR"EN 2.0 2.0 2.0 6.0 I LOCOIlOTlVE, 10 Tons 
20 BRAKE"EN 2.0 2.0 2.0 6.0 

4.0 2.0 2.0 4.0 3.0 24 0.400 10 16.13 387 

21 
22 BtU GANG 4"AN 1.0 1.0 I "UCK CARS 14.0 14.0 4.0 3.0 168 0.050 8 0.70 118 
13 BULL GANS LA80R 2.0 2.0 I 
24 I 
15 PU"P"AIf I 
26 I PU"PS HP 10.0 b.O 4.0 4.0 J.O 49 0.005 0 0.26 12 

~ 
27 ElECTRICAL 4"AN indlrfct cost 
29 ElECTRICIAN 13 HP U 2.0 2.0 4.0 3.0 24 0.015 0 0.87 21 

~ 29 

'" ~o CONVEYOR OPR 
~ ~I LOADER OPR 1.0 1.0 I FRONT END LOADER, 6 CV 1.0 1.0 2.0 3.0 6 o.m 2 24.52 IH 
"tJ J2 
~ lJ MEL DER - SHOP 1.0 1.0 Ci:) 

~. '" t-v :,5 
t", 

36 'C 

37 
~g : YARD CRANE, 25T 1.0 1.0 6.0 1.0 6 0.2'0 2 8.83 53 }q I 
I'} I 
;J I 
·:2 Toms PER DAY 16.0 10.0 10.0 36.0 2J 777 
~3 10TAL LABOR "AN-SHIFTS PER DAY 38.8 J08 11m 
;4 
!'. mOVE FAt/LINE I TUNNEl eORIHG "ACHINE AND TRAIUNG FLOOR --- SHAFT RF PAGE 12 
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ARIZONA SSC 

I 8 C E F 8 H 
2 CREII RATE COST 
3 NUmR OF "U PER PER REIIARKS 
4 CLASSIFICATION DAY SII 6Y TOTAL SHIFT DAY 
5 
6 SHIFTER 1.0 1.0 1.0 l.O 
7 
8 HOlllEIIAN 1.0 1.0 1.0 3.0 , 

10 HOSE TENDER 1.0 1.0 1.0 3.0 
II 
12 OPERATOR, 6UII 1.0 1.0 1.0 3.0 Aho aperi!n lucter far rrbound clelnup. 
11 
14 OPERATOR, mER 1.0 1.0 1.0 3.0 
15 
16 LABORERS 3.0 l.O 3.0 '.0 Piau onr sh.1 uts to fan pertln.nt 
17 lining. Rno.e IS luch wood lining 
IB "OlORm 1.0 1.0 1.0 l.O IS possible before pllcing shotcret •• 
n 
20 BRAmAN 1.0 1.0 1.0 l.O 
21 
22 mERS 
23 

1.0 1.0 1.0 3.0 Ruoye eacns 1199In" reUaber and c1unup. 

24 LABORERS 2.0 2.0 2.0 6.0 
25 
26 Production: 4CYlhr I 4 hrs/shift • 16 CY/shift. 
27 
2B Assule 4' thict Ind 401 rebound. 
29 In II' tunn!1 • 0.6 CYlTF. 
~Q 

31 PRODUCTIONI 16eY/shift /0.6 CY/TF • 26 IF/shilt 
32 
JJ J shi ftslday • 501y 75 lFIIID 
)4 

-. . '" :6 
:,7 
:,8 
~q 

If) 

~ 1 
12 TOmS ~ER DAY IJ.O IJ.O 13.0 39.0 
~3 TOTAL LABOR !IAN-SHIFTS PER DAY 40.6 30B 12501 
H 

4~ SHOTCh[fE CREW AND £DUIP"EHT OPERATION 

P. E. Sperry lO-Jun-B7 \AlII I-COS\SHOTCRET 

l " N 0 D • I T U Y • I EUUIPIIENT OPERATION HR SH HIt ------ PEl! DAY --------
I UIIITS OPR OPR OPR REPAIR LABOR PARTS , SUPP 
I DESCRIPTION TOT SPA USE PER PER PER "AN-HOURS DOLLARS 
I SH DAY DAY UNIT TOTAL UNIT TOTAL 
I FAN, 50 HP 2.0 2.0 B.O 3.0 48.0 0.010 0 1.63 7B 

I CONVEYOR 1.0 1.0 2.0 l.O 6.0 0.050 0 0.91 5 

I 6UN 1.0 1.0 4.0 l.O 12.0 0.800 10 16.30 196 
I 
I mER 1.0 1.0 2.0 l.O 6.0 0.200 9.45 57 

I 
I 
I lOCOftOTlYE 4.0 3.0 1.0 2.0 3.0 6.0 0.170 I 7.08 42 
I FLAT CAR 3.0 1.0 2.0 1.0 3.0 6.0 0.015 0 0.50 3 
I 
I 
I 

13 JBI 
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I B 
2 CREM 
3 
4 CLASSIFICATION 
5 
6 FOREftAII 
7 
8 "ECHANICS - T8" , 

10 "ECHS - FLOOR 
\I 
12 T9ft OPERATOR 
\l 
14 GREASER 
15 
16 
17 SHIFTER 
18 
\9 "INERS 
20 
2\ "IIIERS 
22 
13 
24 "OlORftAN 
25 
26 
27 HOIST OPR 
28 
29 CRANE OPR 
30 
31 ELECTRICAL 4ftAlI 
32 
33 ELECTRICIAN 
34 
35 
36 
37 
38 
~q 

10 
1\ 

ARIZONA SSC 

C 11 E F B H 
RATE COST 

lIU"BER OF "Ell PER PER 
IIAY SM GY TOTAL SHIFT DAY 

1.0 1.0 

2.0 2.0 

2.0 2.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

2.0 2.0 

1.0 t.O 

42 TOTAlS PER DAY 12.0 12.0 
4J TOTAL lABOR Mil-SHIFTS PER DAY 12.l 462 5662 
H 

mARKS 

tunn!1 borl ng 11th! n! 

floor lnd oth!f !qulpunt 

ching! cut bn 

clunup 

<5 SATURDAY "AINTENAHCE -- TUNNEL PORINS "ACHINE -- PORTAL ACCESS 

P. E. Sp~rry 

l 
1 EGUIP"EMT OPERATlOIl 
I 
I DESCRIPTION 
1 
1 YEIIT FAll 
\ 
\ WElDERS 
I 

I 
I 
I 
I 
I 
I 
\ 
I 
I 
I lOCO"OTl YE 
I 
1 
1 

lO-Jun-87 \Am -COS\SAT"mT 

" II 0 I R S T U Y • HR SK MR ------- PER IIAY -------
UNITS OPR OPR OPR REPAIR lABOR PARTS' SUPP 

TOT SPA USE PER PER PER "AN-HOURS 1I0LlARS 
SH IIAY DAY UNIT TOTAL UNIT TOTAL 

8.0 1.0 8.0 64.0 0.010 I 1.63 104 

2.0 6.0 1.0 12.0 0.005 0 0.79 

1.0 4.0 1.0 4.0 0.340 I 10.29 41 

2 155 
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ARIZONA SSC 

m SUn"ARl 
6-' JJ 

m DATA 
m Locdion 01 projttt sit ••••• -.--.----••• 
0,8 Urb.n Ill, rural 121, Dr rflotf IJI -••• -
m RoCk t yp. -•••• ----••••• ---••• ---•• -.--.-
6~0 nelhod 01 tunnel uuntion •• ---.-•••• --
b~1 Tunnrl ucrss vii porh1 III Dr shllt 121 
642 Tunnpl shoul d bf MPt II I Dr dry (2) - •••• -

b43 Hau1.gr •• y.idlh 
644 Tunne( 1 rnqth 
b45 
646 
W 
648 
m 0 E F 
650 
051 DESCRIPTION 
b52 
m BUILDINGS l YARD 
b5~ 

m UTIlITIES 
65b 
m HOISTIN6 AND CRANES 
658 
659 HAUL - RUBBER 
660 
661 HAUL - RAIL 
662 
663 SURFACE EXCAVATION EQUlmNT 
664 
665 ROCK DRILLS AND EDUIP"ENT 
666 
b61 TUNNEL l SHAFT "UCKERS 
669 
669 TUIlNEL l SHAFT "ACH1NES 
670 
671 CONCRETE l SHOTCRETE 
b72 
~1l GENERAL PLANT l EDU1pnENT 
bH 
b75 TOTAL PLANT AND EQUIP"ENT COST 
~16 

b71 
:78 PLANT • E9U[P~ENT SU~"ARY 

ARIZONA 
2 

SOFT 
m 

10.0 het 
29,568 fept 

H J K 
SAL VASE 

PURCHASE DEPRECIATE 

121,754 35,685 86,069 

m,m 231,121 166,192 

69,118 32,315 36,803 

24J,2JO 53,088 190,142 

1,336,552 516,879 m,674 

1JI ,900 51,441 80,459 

5,119 111 4,942 

40,010 13,735 26,335 

3,242,421 1,016,129 2,166,298 

m,m 301,644 139,890 

311 ,053 12,290 244,163 

7,052,730 2,391,164 4,661,566 

P. E. Sp.rry 30-Jun-81 \Alftl-COS\PlE 

l ft N 0 P D R S T U 
FRE1SHT ASSEftBLE D I SASSE"BLE SALES FREI6HT 

RENT IN LABOR OTHER LABOR OTHER TAX OTHER OUT JOB CHARSE 

200 17,864 93,662 2,680 512 1,000 201,987 

600 16,000 20,020 21,382 6,031 1,132 1,500 B45,463 

14,514 -2,200 4,928 2,870 1,97t 1,148 1,500 65,993 

1,000 15,400 8,916 6,160 871 2,500 m,m 

51,600 41,m 12,760 18,188 2,921 21,500 980,614 

100 SOD BI,059 

4,942 

9,962 3,500 2,650 42,446 

31,200 58,520 4,612 23,408 I,B45 6,500 2,m,m 

21,600 1,540 512 308 102 4,500 268,451 

100 1,232 410 500 247 ,005 

25,135 1Jl,500 166,936 151,124 59,352 9,132 48,650 5,255,393 

ARIZONA sse - "ARICOPA • I I PLANT l EQUmm SUMMARy PASE 15 
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ARIZONA SSC P. E. Sperry 30-Jun-87 \AlftI-COS\PlE 

'4 !UILDINGS D E 6 H ~ K L " II 0 P IRS T U 
'5 UNIT SALVAGE FREIGHT ASSmLE DISASSE"BLE SALES FREI&HT 
,& DESCRIPTION INO SUE DIlANTlTY PURCHASE DEPRECIATE RENT IN LABOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE 
'7 SITOORr. ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
n CLEAR. 6RUn S I I ~ A 1~,604 14,604 

" 100 
101 SITE GRADIIIIl 
102 FENCING 
103 
104 
105 
106 
107 
108 
10' 
110 

ACCESS ROADS 
SURFACING 
SIGNS' !ARRICADES 
STAIRIIAYS , LADDERS 
RESTORATIDII 
SURF ACE RA ItRDAD 

s 
S 

S 
5 
A 
A 
S 
A 

I I 

31 

2,000 CY 
IF 

1,000 Lf 
1,000 SY 

I LS 
60 VF 

1,000 SY 
150 LF 

1,540 
J,m 

3,696 

3,075 

2,562 
1,'78 
1,025 

m 
1,445 

307 

3,075 

2,562 
I,m 
2,565 
4,618 
1,445 
4,003 

III OFF I CES -----------------------------------------------------------------------------------------------------------------------------------------------------------------
112 JOB PAD 2,500 SF 57,648 17 ,986 3',662 1,540 1,2BI 170 43,253 
III fIELD P SF 
114 OWNER'S PAD 500 SF 
liS FIRST AID PAO 500 SF 
116 

11,530 
11,530 

3,591 
3,m 

7,'32 
7,'32 

30B 
308 

256 
256 

154 
o 

B,651 
8,4n 

117 SHOPS --------------------------------------------------------------------------------------------------------------------------------------------------------------------
118 EOUlmNT S 2,000 SF 40,m 40,m 
"' tARPEIITER A 200 SF 1,132 2,050 3,282 
120 ELECTRICAL PA 2 YAN 7,319 1,721 5,652 I,m 1,025 7,m 
121 CUTTER S 100 SF I,m I,m 
122 
123 STORAGE --------------------------------------------------------------------------------------------------------------------------------------------------------------------
124 WAREHOUSE S 1,000 SF 15,313 15,m 
m mENT, SACK PA VAN 
126 PownER' CAPS RAD LS 
111 FUEl AD I LS 3,080 4,Oqq I,m 512 8,914 
119 OFFSITE YARD R "0 
129 
110 "I StELLANE OUS -----------------------------------------------------------------------------------------------------------------------------------------------------------------
111 CHANGEHOUSE PAD 60 "AN 22,m 5,180 16,m m 615 370 18,865 
m lIYING TRAILERS PAO 500 SF \I ,530 3,m 7,m 308 256 154 B,651 
m FREIGHT ON PURCHASES 2.0 LOADS 200 1,000 1,100 
I j4 ----....... --.... -- .. -- .. ----------------- ... --------------.. - .. -- ..... --=:='S2'E~=Z===2=:==2:2=S=====:a====%1:s=s:t==t==s=====::t:2:======s======:::::::======s:s========t::============================ 

I ·• J" 
Ij6 

m 
:;8 PLANT , [OUlmNT BUILDINGS 

TOTALS 121,754 35,685 86,06' 200 17,864 n,662 2,680 512 1,000 201, qa7 

ARltOMA sst - ftARltOPA - I 2 BUILDINGS AHD YARD PAGE 16 
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ARI10MA sse P. E. Sperry lO-Jun-B1 \AI"I-tOS\P\E 

m UTILitiES ONE D E F 6" ~ K l " II 0 P D II S T u 
I~O um SAlYASE FIfEISHT ASSmlE DISASSEMBLE SALES FREISHT 
HI DESCRIPTION IND SIl£ QUANTITY PURCHASE DEPRECIATE RENT IN tABOR OTIIER tABOR OTHER TAl DTHER OUT ~OB CHARSE 
142 SAN I TART ------------------------------------------------------------------------------------------------------------------------------------------------------------------------
143 HOOY. TO cm SEWER S IF 
144 SEPTIC lAm S I LS 
145 lIlE FIElDS S I lS 
146 SUER LIMES S 200 lF 
1 H mmtNT PLANT as lS 

5,124 
4,1~9 
2,050 

5,124 
4,lL9 
2,050 

148 PORTABLE TOIl£TS R 10 "0 600 600 
14' tOtAL SAIlltARY 600 lI,m lI,m 
150 VATER SUPPL' ------------------------------------------------------------------------------------------------------------------------------------------------------------------
lSI CONNECT TO "AIM 5 IF 
IS2 WEllS 5 'by others) LF 
IS3 MElL P\1!IPS 5 'by othns) LS 
154 SURFACE LINE PL 4 III 1,000 IF J,993 3,993 3,981 
ISS INSUlAlIDM A 4 1M LF 
156 TUNNEl LIME PL 4 IN lF 
151 VALVES P I LS 389 61 328 329 
159 P 
I5V ICE "ACHIllE P I fA 1,299 201 1,098 I,m 
160 Tom WIIl£R SUPPLY 5,561 262 5,299 ~,299 

Ibl CO""UIIICATIOMS --------------------------------------------------------------------------------------------------------------------------------------------------------
162 CD""ERCIAl PHONE LINE S 5,000 LF 5,124 5,124 
163 JOB PHONES P 10 fA 3,311 518 2,803 2,803 
164 PHONE LINE P 30,626 LF 4,520 .,520 4,~20 
165 RADIOS P EA 
166 TOTAL CO"lIUIIICATtONS 7,840 518 7,322 5, m 12,m 
167 YEMTll~TIOII --------------------------------------------------------------------------------------------------------------------------------------------------------------------
168 FANS PL 50 lIP 10 EA 41,917 14,950 32,m 31,961 
169 Pl 100 HP U 
110 Pl 200 liP Eft 
171 ~CeESSIlRI£S P 50 liP , EA 
172 STARtERS PL SO HP 10 EA 
I7J fANlINE' COUPLINGS Pl 361M 29,460 IF 
174 PL 49 IN IF 
175 PUlY-HEADS AD 100 Sf 

3,321 
10,377 

299,902 

176 DODRS PAD b'l I S'h I EA 5,534 
3b6,051 

2.0 LOADS 
1 77 10m VUlilA lIDN 
178 FRE 16H1 ON PURCHASES 

519 
4,956 

20,315 

2,803 
5,520 

2~8, ~02 

5,534 
m,72b 

400 

1,948 
3,080 
4,928 

m 
1,025 
1,640 

309 
bIb 
924 

1,000 

2,803 
5,520 

299,902 

2,771 
10,255 

353,218 
1,400 

l79 ------- ......... --... -----------------... -------------------------_==:2ttSSSS=:::=::=tS::~S2==:==s::::::2=::=S:==:sss=~s=%::::=2:.=SI:Ss=:======:====:s=s==~ss======='Z2.======c:==:s:=::1::1:::=======2::1: 

190 
IBI 
I ~2 

UTlIlTlrS ONE 

TOTALS 319,452 21,104 359,349 bOO 400 4,919 19,107 

ARIlOHA sse - "ARtCOPA - I 

924 1,000 384,307 

J UTIl I TIES I OF 2 PAGE 17 
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ARIlONA SSC P. E. Spmy 30-Jun-87 \Alnt-COS\PlE 

le4 UTIliTIES no D E F G H J K l n N 0 paR S T u 
185 UMIT SALVAGE fREIGHT ASSEnBLE DISASSEn8lE SALES FREIGHT 
186 DESCRIPTION IND SIZE QUAmTY PURCHASE DEPRECIATE RENT IN LABOR OT~ER LABOR OTHER TAl OTHER OUT JO~ CHARGE 
1 B 7 ELE CTR I CAL ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
I Be POVER to"PANY II ME as LF 
Ie, SUBSTATION as LS 
IQO SURFACE SUSSTATIOM 
m TRANSFOR"ERS 
192 DISTRIDUT" • LIGHTING 
m GENERATORS 
m UNDERGROUND, 15KY 

PL 3000 r.M 
Al 21 
Pl KM 

lEA 
I LS 

EA 

39,293 18,389 20,904 ~,312 
9,240 

1,332 
4,612 

1.125 
2,772 

400 
922 

28,613 
17,546 

195 "AIN POVER CABLE Pl 4 fO 2',000 LF 18'.'17 88.B81 101,036 101.036 
196 TRAILING CABLE P 2 fO 1.000 IF 12,175 3,m 8.377 8.377 
m TRANSFOR"ERS. liGHTING P 25 KYA 10 EA 6.9\8 3,239 3.6eo 3.690 
m TRAMSFOR"ERS. FANS Pl 100 KVA 10 fA 62.030 29,030 33,000 33.000 
199 DISCONNECTS P 10 fA 28,142 13,170 14.971 14.m 
200 LIGHT LINE P 29.460 LF 102,170 7,m 94,201 94,201 
201 TOTAl ElECTRICAL 44O,m 164,416 276,169 13,552 5,944 4,m 1,322 301.484 
202 CO"PRESSED A 1ft ---------------------------------------------------------------------------------------------------------------------------------------------------------------
203 STATIONARY CO"PRESSoRS Pl 1000 CF" lEA 39,m 15,469 24,194 1,540 1.025 616 410 27,785 
204 PORTABLE conPRESSORS Pl 1000 CFn EA 
205 Co"PRESSOR HOUSE' PIPIN6 S I fA ISO SF 
2Q6 SURFACE LINE Pl 4 1M 1.000 LF 
207 TUNNElLIKE PL 4 IN 29.460 LF 
2Q8 VALVES P I LS 
209 TANNER TAU P 6 1M EA 

3,983 
114,3'8 
II ,828 

26,769 
2,76e 

3,893 
87,629 
9,060 

2,306 2,306 
3,883 

81,629 
9,060 

210 TOTAL CO"PRESSED AIR 169.771 45,005 124,7bb 1,540 3,m 616410 m,m 
211 OEVA TER I MG -------------------------------------------------------------------------------- -----------------------------------------------------------------------------------
212 PU"PS, SUB"ERSJ8lE, ELECT PL 3 HP fA 
213 PL 13 HP 2 EA 
214 PU",S, SUBMERSiBlE, AIR P 35AI EA 
215 TUNMEl DISCHARGE UME Pl 6 IN LF 
m SHAFT DISCHARGE LIME PL 6 1M 70 LF 
m SURFACE DISCHARGE LI ME PL 6 IN 500 LF 
218 VALVES P I lS 
m SHAFT SU"P R U 
2~0 SETTlING BASI"fOIL Sm"ER PA EA 
m VIERS. REtORDERS EA 
m TOTAL O£MATERIM6 
m FREI6HT OM PURCHASES 13.0 LOADS 

3,m 

m 
2,850 

m 

7 ,~44 

535 

535 

2.896 

198 
2,850 

365 

6,909 
15,600 6,500 

2,8" 

no 
2,850 

J65 

6,909 
22,100 

274 - .. - .... ------...... ------------------------.. ----------... - ... ---____ ==:tc.:=a=:::::zc:St:Stst:Z:::C:2SCt:t:t:=s===========:2:============::%===:==::==:=:&==%========================2:=========2 
:i5 
:'u, 
:n 
:-:'9 PLANT l EOUlmNT 

UTIlITY 

UTIlITIES TMO 

TOTALS '197,313 231,121 766,192 600 16,000 20,020 27,3e2 6,037 1,732 7,500 845,463 

ARlloNA SSC - "ARICoPA - I 4 UTIlITIES 2 Of 2 PAGE Ie 
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ARllOllA SSC P. E. Sperry lO-Jun-81 \Al"I-COS\PlE 

m HOlSTINe D E F B H ~ K l " • 0 paR STU 
no UMIT SALVAGE FREIGHT ASSE"BLE DISAssmLE SAlES FREIGHT 
231 DESCRIPTION IMD SIlE IIUAMTITY PURCHASE DEPRECIATE RENT IN LABOR OTHER LABOR OTHER TAl OTHER OUT Joe CHARGE 
232 HOISTS -----------------------------------------------------------------------------------------------------------------------------------------------------------------------
m SHAFT a ~oo HP EA 
m HOIST HOUSE a EA 
235 WINCHES II EA 
m TUGGERS, 20001 P EA 
237 EA 
m AmAC "AN HOIST P EA 
m AlI"AC RAIL P LF 
m EA 
241 
242 
243 TOTAL HOISTS 
244 SHAFT EUUIP"UT -------------------------------------------------------------------------------------------------------------------------------------------------------------
m HEAD FRA"E a lIS 
246 STEEL. sums II FT 
m CABLE. FITTINGS a LS 
249 SHEAVES a LS 
m Sr.IP. SCRIlLLS II LS 
250 AUTO"AlIC CONTROLS a LS 
251 COUlITERVElSHT II LS 
252 FOUNOATION a LS 
251 IIUCK HOPPER II ty 
254 BULKHEAD II LS 
255 BUcms a tv EA 
256 
257 
258 TOTAL SHAfT [QUIPftENT 
25. CRA"ES --------------------------------------------------------------------------------------------------------------------------------------------------------------------
260 YARD tRANE, USED P 15 T I EA 69, I7B 32,375 36,803 36,803 
261 P 25 t EA 
1b2 TRUCr. CRANE RLAD '0 T 2 "0 14,514 1,000 4,'18 2,870 1,911 1,148 1,000 27,4'0 
263 CRAllER CRANE RLAD 120 T "0 
164 
165 
2b6 
2b7 tOTAL CRANES 
2b~ fREISHT ON PURCHASES 1.0 LOADS 

6',178 32,315 36,803 14,514 1,000 4,928 2,810 I,m 1,148 
1,200 

1,000 
500 

64,293 
1,100 

~bq ---------------------- ... ---- ... -------.. ------------------____ :==:a:r:lIz=======.===t:al:s:s::.S:ICSC====ss2:tas========:r===trs:=========:==::t:====2===r===::=====:================:1::=:==2== 

270 
171 
272 
m PLANT l EOUlmNt HOISTING 

TOTALS 6',118 32,315 36,803 14,574 2,200 4,928 2,870 1,971 1,148 1,500 65,991 
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ARltONA sse P. E. Sperry 30-Jun-87 \AIIlI-COS\PlE 

274 RUBBER D E 6 H ~ K l 11 II 0 P Q R S T U 
275 UNIT SALVASE FREISHT mmLE DISASSElI8LE SALES FRElliHT 
m DESCRIPTION IND SIZE QUANTITY PURCHASE DEPRECIATE RENT 1M LABOR OTHER lABOR OTHER TAl OtHER Out lOB CHARSE 
277 OfF HI GHWAY -------------------------------------------------------------------------------------------------------------------------------------------------------------'--------
27B REAR DU"P a EA 
279 RomR DUlIP Q EA 
280 WATER Q Eft 
281 
282 
283 TotAL OFf HI6HlIAY 
284 HISHILAY ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
285 FLAT BED P 2.5 T I EA 27,671 4,317 23,355 23,355 
286 FLAT BED P T EA 
m ~ EA 
288 GREASE U 
289 lIECHAIIIC P EA 
290 POIlDER P EA 
291 LOll BED EA 
292 "ATER Q EA 
m "ANHAm. IUS, 25 IIAN P U 
m SCRUBBER, 100-150 HP P EA 
295 TOTALHISHILAY 27,671 4,317 23,355 23,155 
296 CONVEYOR -----------------------------------------------------------------------------------------------------------------------------------------------------------------
297 DRIVE 50 HP I U IB,m 5, m 12,bn 7,700 3,075 3,080 m 27,059 
298 Eft 
m Eft 
300 STRUCTURE 400 IF 
~Ol STRUCT ./DOlLY TRAC IF 
302 BELt 30 IN 800 LF 
m ~ 
!04 TAKEUP EA 
3Q5 CLUSTERS EA 
3Q6 TRUSS CONVEYOR IF 
3Q7 DR I DSE CONVEYOR LF 
:'1)8 FEEDER, VIBRAms 30 FT I EA 
3r)9 HOPPER I LF 
JIO 
311 

95,927 

13,282 

23,316 
64,566 

112 TOTAL CONVEYOR 
~IJ FREIGHT ON PURCHASES 

215,559 
5.0 LOADS 

22,447 

5,4b1 
15,109 

73,480 

13,282 

17 ,875 
49,459 

48,772 166,787 
1,000 

3,080 
4,620 

2,562 
3,280 

1,232 
1,848 

15,400 8,916 6,160 

154 
205 

871 
2,500 

73,480 

11,2B2 

24,90J 
59,m 

m,lJ5 
3,500 

~I. -- ....... ---- .. -------------------... -------------.. - ...... ---------__ ::==t::z::.====:::t::=s.:It:=z===zz::=az:==szzsz::::z====a==::::=::=::::z=======t=%.s:::::=:r: •• ===:=====:S=S====~=ZZ:l:= :I:%:I:::=:==S===_= 

:15 TOTALS 243,230 ~3,088 190,142 1,000 1~,4oo 8,916 6,160 871 2,500 224,989 
~16 

jl7 
m PLANT l [QUtmMT RUBBER ARIlONA sse - IIARleOPA - I 6 HAUL - RUBBER PAGE 20 
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ARltO"A SSC P. E. Sp,rry 10-Jun-87 \Am-COSmE 

m RAIL • E F & 11 ~ K l II II 0 PD. S , u 
310 UNit SALVAGE FREIGIIT ASSEft91E DlSASSmlE SALES FREIGII' 
m DESCRIPTIOII 1110 SIZE DUAIITtTY PURCHASE DEPRECIATE ItEMT III LABOR OTHER LABOR OTIIER TAl OTHER OUT ~08 CHARGE 
~12 RAIL. SMITCHES -----------------------------------------------------------------------------------------------------------------------------------------------------------
m RAIL P 80 , 825 1 228,317 89,044 139,273 m,m 
m ms, STEEL P EI 
m SPLICE lARS P 2,on PR 
m TRACK BOLTS P 8,251 Ell 
m RAIL ClIPS P 35,361 EA 
~28 SNITCIIES P 6 EA 
m SMITtIl tl£S P 24 III 2.4 RBF 
330 CALIF smCII, mUl , RAftP D 24 IN 2 PR 
m CALIF SMITCII, PAIiEl a 24 III 20 EA 
m CAR "OVER P 241M I EA 
m SHAFT BOTTO" SETUP Al 24 III EA 
m BAer.FlLL TAIL TUIiNEl D CY 
115 MALKlIAY P LF 

24,734 
10,503 
63,601 
9,962 

720 
66,411 

129, III 
5,777 

',m 
24,805 
l,B85 

25,900 
50,362 
2,253 

15,088 
10,503 
38,798 
6,077 

720 
40,511 
78,711 
3,524 

18,480 

I,m 

2,050 

461 

7,192 

308 

820 

51 

1~,088 
IO,~03 

38,m 
6,077 

720 
",252 
78,71\ 
5,576 

m FREISHT 011 PURCHASES 30.0 LOADS 36,000 15,000 51,000 
m TOtAL RAIL. SWITCHES 539,158 205,895 333,263 36,000 ",712 2,511 7,700 871 15,000 415,057 
3J8 LOCOftOl I VE S ----------------------------------------------------------------------------------------------------------------------------------------------------------------
m DIESEL Pl B t 5 EA m,m 90,651 141,788 141,788 
140 PL 10 T EA 
HI BAlTERY a t u 
342 8ATtERIES a EA 
m CHARGERS Q EA 
344 FREISHT Oil PURCHASES 3.0 LOADS 9,600 1,500 11,100 
m TOTAL LOCOftOllYES 232,439 90,651 141,788 ',600 1,500 152,888 
J46 CARS ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
W I!IICK, SIDE DUftP Pl CT U 
048 ROTARY PL 15 CY 13 EA 226,628 
m LIFT OFF Pl CY U 
~50 DUftP, SIDE P EA 
m ROTARY P 15 CY I EA 178,019 
~52 POIIOER P EA 
m flAT Pl 24 III 9 EA 
m FANlINE P I Ell 
m "AMTRIP PL 15 "AM I EA 
m BRAmAN P Ell 
:51 FREIGHT ON PURCHASES 10.0 LOADS 
~S8 TOTAL CARS 

115,389 
27,671 
17,148 

564,955 

88,385 

M,427 

45,002 
10,792 
6,727 

220,332 

m,243 

108,591 

70,387 
16,879 
10,522 

344,613 

27,720 10,249 11,088 2,050 

12,000 
12,000 27,720 10,249 11,088 2,050 

5,000 
5,000 

138,243 

159,n8 

70, JB7 
16,879 
10,521 

17,000 
412,719 

~\~q -------- .. --........ --..... ----------.. -----------------.. -------___ C:C2:=:tt::S::s::2Cf::==::t:ta::t:t:::==I::s:===c:3I%c::===_s==tC22%:I:=======::=::2:===:::I.==========.I:2:======::=:=======2:===:S==:::& 

~60 

~61 

:62 
~bJ PLANT. E9UIPft£NT RAIL 

TOTALS 1,336,552 516,879 819,674 57,600 47,432 12,760 18,788 2,921 21,500 980,674 

ARIZONA SSC - "ARICOPA - I 7 HAUL - RAIL PAGE 21 
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ARIZONA sse . P. E. Sprrry 30-Jun-87 \Am -COS\P'E 

~64 EJtAVATlON D E f 6 H J K L II II 0 paR STU 
365 UMIT SALVAGE FREIGHT ASSE"BlE DIS~SSE"BLE SALES FREI6HT 
366 DEscmTION IND SIZE QUANTITY PURCHASE DEPRECIATE RENT IN LABOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE 
~61 EICAVATORS -------------------------------------------------------------------------------------------------------------------------------------------------------------------
368 SHOVEl a "0 
:'9 BACKHOE a CY EA 
m ClAIISHEll a liD 
31\ DRA611NE I liD 
312 6RADALL a liD 
m IIATS a LS 
m 
m 
376 TOTAL ElCAV~TORS 
311 EARTHlIOYERS ----------------------------------------------------------------------------------------------------------------------------------------------------------
m TRACTOR, H, USED P 140 HP EA 
m D-1, USED P 200 HP U 
~80 0-8, USED P 335 HP EA 
381 
382 
383 
384 
~85 

386 
~87 

:88 
389 

LOADER, 950, USED 
966, USED 
980, USED 
988, USED 

GRADER, tAm, USED 

P 
P 
P 
P 

p 

3.' CY Eft 
4.5 Cl EA 
'.B CY lEA 
B.O CY EA 

EA 

390 SCRAPERS a EA 
391 
392 

131,900 51,441 80,459 80,m 

J9J TotAl EARTHIIOYERS 131,900 51,441 80,459 80,m 
394 COllPACTORS -------------------------------------------------------------------------------------------------------------------------------------------------------------
395 SELf-PROPELlED, 'NEU"ATIC R 15 TON liD 
m TOWED, 10,0001 R 35 HP "0 
m WALK BEHIND, 12001 R 10 HP liD 
m PLATE VIBRATORS R 300 1 110 
m RAII"ERS R 120 1 liD 
100 TAIIPERS R 35 I 110 
401 
102 TOTAL COIIPACTORS 
103 fREIGHT OM PURCHASES 1.0 LOADS 100 500 600 
\t)4 ------------- ... ---------------------------- ... -----... -----____ ZZ.:t:.t:t2IUfsEs:.t •• t:.s.t2.Z2:.t •••••••• :rz==:.:::t:St.:ltI:1I.: •• :t:s:==::=:Z2.::t:.:.2 •••• :t.s:.t.ttt::r ••• z: •• S2tZZ:t2SSS::.SZ:SS::= •• 

H'5 
406 
407 
;"8 Pl ANT ~ fOUl P"£NT 

TOTALS 

ElCAVAlION 

131, '00 51,H! 80,4S9 100 500 81,059 

ARIlDMA sse - IIARICOPA - I 8 SURFACE ElCAYATION PAGE 22 
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ARIlDNA SSC P. E. Spmy 30-Jun-87 \mI-CDS\p'E 

409 DRILLS D E F & H K L PI II 0 P II R STU 
410 UNIT SALVAGE FREIGHT ASSmLE DISASSE"8LE SALES FREIGHT 
411 DESCRIPTION IND SUE QUANTITY PURCHASE DEPRECIATE RENT IN LABOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE 
412 DRILLS ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
413 DRIFTERS, PNEUNATIC P PR-~5 EA 
414 HYDRAULIC P 75 HP EA 
m JAtKLE&S p Eft 
416 STOPERS P EA 
417 SIMr.ERS PlEA I,m 345 1,130 1,130 
4IB AIR TRACK, ATD-3100A P PR-55 Eft 
m DIANOND P EA 
420 EA 
421 
422 FEEDS. JIIOUIITS -----------------------------------------------------------------------------------------------------------------------------------------------------------
m FEEDS. EIl"S, TELESCOPIC P 14 FT EA 
424 ROLLOVER PARALL£L BOO"S P HDIO~ Eft 
425 ROLLOVER PARALLEL Ellie BOOIII' HDI48 EA 
m BOON' BASKET P Eft 
m EA 
428 A I R-HYDRAULIC PUIII'S , I per2 hOI Eft 
m [LEC -HYD POWER PACK P 75 HP Eft 
no CAJLE Rm, 300 FT P Eft 
m IIA TER BOOSTER PU"P P 125 pd Eft 
m 
4ll JUJllBOS ------------------------------------------------------------------------------------------------------------------------------------------------------------------.----
m TUNNEL D EA 
435 D 
416 SHAFT D Eft 
411 NI SCELlANEOUS -----------------------------------------------------------------------------------------------------------------------------------------------------------------
m SPADERS P Eft 
m BREAKERS, AIR P I Eft 830 130 701 701 
44 0 HYDRAUL I C II EA 
441 IftPACT WRENCHES P 1 Eft I, m 302 1,635 1,635 
442 TENS lONERS D EA 
Hl PRILL POTS D EA 
IH 9tT GRINDER P EA 
~45 SAliS PlEA 1,416 1,476 1,476 
446 BLASTING NATS Q LS 
441 AIR LIGHTS P EA 
m FREIGHT ON PURCHASES LOADS 
ceq ------------------------------------------------------____ ::S22tZ:S .. ==:::It:2:t::::==::tt::t::::z:::==:::::t:t:zttt .. ::tt=2t==!I=:I:==:===:I:I:::I:ts:a=~E:::=:.::=:=::::=::.:l:t:a:l:2.2:.:1::::::. 

(SO 
(51 
!~2 

m PLANT' EDUlmNT DRIllS 

TOTALS 5,719 177 4,942 4,942 

ARIZONA SSC - "ARICOPA - I , ROCK DRILLS' EQUmm PAGE 23 
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ARIZONA SSC P. E. Spmy 30-Jun-81 \ml-COS\P'E 

C54 JruCKERS D E F 6 H J K L " II 0 P D II STU 
455 um SALVAGE FREI6HT AssmLE DISASSE"BLE SALES FREI6HT 
m DESCRIPTIO. IIID SIZE DlJANTlTY PURCHASE DEPRECIATE RENT IN LABOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE 
457 LOAD-HAUl-DU"P UNITS --------------------------------------------------------------------------------------------------------------------------------------------------
458 PL CY EA 
m ~ ~ U 
460 STARlIN6 CHA"BER PL 1.0 CY I "0 3,321 1,200 1,200 5,721 
461 CLEANUP Pl 1.0 CY 2 "0 6,641 1,200 1,200 9,041 
462 RUBBER --------------------------------------------------------------------------------------------------------------------------------------------------------------------
463 BOBCAT,141 P I U 15,811 6,166 9,645 9,645 
464 tACY-HOE ATTACH P EA 
465 EA 
466 EA 
467 EA 
468 CRAWLER ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
469 CAT 931, 65HP P 1.0 CY EA 
470 CAT t63, 150HP P 2.5 tl EA 
411 CAT 913, 210HP P 3.8 CY EA 
472 mco 630 P 10 CF EA 
m EA 
474 RA Il --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
m mco 128 P 5 CF fA 
476 mCD 22 P' cr I EA 24,258 1,569 16,690 16,690 
417 mCD 26 P 12 CF EA 
47B "ITSUI 55 P \I Cf EA 
m msul 85 P 14 cr EA 
480 SHAFl ---------------------------------------------------------------------------------------------------------------------------------------------------------------------
481 EA 
482 EA 
483 EA 
rn EA 
485 "ISCElLANEOIJS -----------------------------------------------------------------------------------------------------------------------------------------------------------------
486 SLUSHERS, 20 HP EA 
m EA 
489 EA 
~89 EA 
490 
491 
In FREIGHT, LHD • RAIL 
m FREIGHT, OTHER 

0.5 LOADS 
LOADS 

1,100 250 1,350 

4 q 4 ------ ---- -- --------... _---- -------------- ------------------ s:: :11::=1:2 3::1::::: 1:1:8==2:2S =====:t ==s==:r: ===: ... ==s.tsas2~ .. 1:=2%=1: s::::= =======: ====r%=== s:t:a2::Z2!: S: ::2:::: %:::: :t==:s::z == e2:::: =::t z: ==2: t 

m 
~96 

~ql 

;98 Pl ANT' EOUIP"ENT 

lOTAlS 

"uems 

40,070 13,735 26,335 9,962 3,500 2,650 42,H6 

AR ilONA sse - "ARt COPA - I 10 TUNNEL' SHAFT "uems PASE 24 



ARIlONA sse P. E. Sprrry 30-Jun-81 \Al"I-COS\m 

mm DE F 6 H ~ K L " II 0 PD. STU 
SQO UMIT SALVA6E fREISHT ASSE"BLE DISAssmLE SALES FREI6HT 
SOl DESCRIPTION 1110 SIZE II\IAnm PURCHASE DEPRECIATE RENT III lABOR OTHER LABOR OTHER TAl OTHER OUT ~OB CHAR&E 
502 SHIELD --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
503 I fT Ell 
SQ4 g 
505 TOTAL SHIELD 
~06 tUMIIEl lOR I N6 "ACH I NE --------------------------------------------------------------------------------------------------------------------------------------------------------
501 TUNMEL BORING "ACHIllE D 1\ FT I U 2,305,939 89',316 1,406,623 40,040 3,m 16,016 1,230 1,466,983 
508 SPARE PARTS StOCK P I LS 345,89\ 26,91' 318,911 318,91\ 
SO, RE"OYAL DOLLY PlEA 20,153 4,m 15,891 15,m 
510 
5lI 
m TOTAL tUMIIEL IORIN6 !lACHIME 2,672,584 931,152 1,141 ,431 40,040 3,015 16,0\6 1,230 1,801, m 
513 TUNNEL DIGGIN& "ACHIME ------------------------------------------------------------------------------------------------------------------------------------------------------
m TUNNEL DI6GI1I6 "ACHIME g FT EA 
515 SPARE PARTS STOCK D LS 
m 
517 TOtAl TUNNEL 01661116 !lACHIIIE 
518 ROADHEADER ----------------------------------------------------------------------------------------------------------------------------------------------------------------
m ROADHEAOER D U 
520 SPARE PARTS STOCK a LS 
m 
m . TOTAL ROADHEADER 
523 TRAILING EOUIP"ENT ----------------------------------------------------------------------------------------------------------------------------------------------------
m TRAILING FLOOR D 10 Fl lEA 461,188 101,918 153,270 18,m 1,531 1,392 m 381,m 
m 
526 
m TOTAl lIAILlII6 EDUI'IIEIIT 461,188 101,918 353,210 18,4BO I,m 1,m m 311,2'4 
528 SUPPORT EDUIPIIUT ---------------------------------------------------------------------------------------------------------------------------------------------------------
52' An mCTOR • mANDER D LS 
530 ROCK BOLT PLATFOR"S D LS 
531 FEElER HOlE DRIll g EA 
S:l2 SCRUBBER , I LS 
m V£lD[R P I LS 
m "£.THANE DETECtOR' LS 
m lED GUIDANCE SlSTE" P I LS 
m CUTlER REBUILD EoumENT P 0.5 LS 
537 TOTAL SUPPORT foumENT 
m FRE IGHT ON PURCHASES !l.0 LOADS 

16,049 
1,416 

5',m 
31,631 

108,656 

3,156 
230 

23,202 
9,871 

37 ,05~ 

12,294 
1,246 

36,291 
21,161 
71 ,591 

31,200 6,500 

12,294 
1,246 

36,2'1 
21,767 
71, 5~7 
31,700 

~)~ -----------------------------------------------... ______ .. __ 2:1S.~.SS •• ::.t2 ••• :a ••••• :lJt.2.::%.2S2.:: •• 2=:t.::::::1II.=%.::::I.=2::==::==.~:2::==::t::=:2=::22S:=2:===:::.2=:t.2S%::I=::====2:Z::StS2S:::SS: 

~40 

~4 I 
~~2 

~.43 PLANt' rDUIP"ENl Uft 

TOTALS 3,242,427 I,01b,m 2,166,298 31,200 58,520 4,612 23,m 1,845 6,500 2,292,383 

ARIZONA SSC - "ARltOPA - I II TUNNEL • SHAft "ACHIllES PAGE 25 
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I5 
~ 544 CONCRETE D E F B H I K L " II 0 P Q R S T U 
~ m UNIT SALVAGE FREIGHT ASSEftBLE o ISASSEIIBLE SALES FREIGHT " 546 DESCRIPlJON tllOSllE QUANTITY PURCHASE DEPRECIATE REliT III LABOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE -. ..., 

547 IIIYERT BRIDGE' CONVEYOR Q U <:::l 

"=' ~~8 BR I DSE SUPPORTS • EA ~ 

V) m TUSGER • EA -. ~~O SAND lUST PDT , GUll P EA ..... 
;<> 551 CONCRETE PUIIP P USED lEA 60,877 37,987 22,890 22,B90 
V) 552 HOPPER A EA 
!1:> 553 WET BElT P 1 EA 27,671 10,792 16,879 16,879 "=' 
~ 554 SlICKlIIIE SUPPORT CAR A EA 
~ 555 EA 
'::J- S56 TRANSIT "IIERS a Eft '" .., 

557 SCRUBBERS, 300HP P EA 
!'-> S5B AGITAtOR CARS, 6 CY, USED P 7EA m,m 221,592 133,523 m,523 
'- m 12 CY, USED P EA 
'0 560 LOADING DOCK A I LS 1,540 512 30B 102 2,463 0::> 
'-J 561 PIPE CARRIER P U 

562 REBAR JUftBO AL 'DtA EA 
m fINISHING JUII80 AL IB 'DIA Eft 
~·64 EA 
565 VIBRATORS, INTERNAL P 6EA 5,l85 420 4,965 4,965 
566 ElTERNAL P EA 
567 BROUT JU"BO AL 18 'DIA EA 
S6B II IIER , PU", PL 2 I Eft 
569 a EA 
570 Q EA 

~ 571 SHOTCRET£ GUll, WET P EA 
<:::l m DRY P lEA 16,372 6,395 9,997 9,987 2' 
::s 513 ADDITIVE FEEDER P lEA 1,568 612 957 957 n; m ACCESSORIES P I EA m 978 978 t..v m SPARE PARTS P lEA 876 876 876 
~ m mOTE CONTROL SPRAY BOO" P lEA 63,275 24,677 39,598 38,598 ~ m HOSE, 150 FT P I EA 2,135 2,m 2,ll5 I):) 

!1:> 518 "ATERIAlS PIPE' FTTIIISS P FT 
~ 519 WIRE FIBER FEEDER P EA -l... 
t..v sao PATCHER, SKID P lEA 13,282 5,190 9,102 9,102 

~81 BATCH PLANT P EA 
592 EA 
~93 FREISHT ON PURCHASES 9,0 LOADS 21,600 4,500 26,100 
sa 4 ... ------------ .. --------------------... ----------------------~::2ZE.:I:.t:l:C:t:l::J:2'2,:t:.222t:.:I::l:2t::CZ::I:#==t:::t2Z •• ,:r:.:CZ2ZC22:1:: ::1:2"22::::: =:I:::.=:=:I::I:%=.~:2==:I:=Z2 :t===:I::::l:2:::I::I: :1:2==:1: •• 2 :22:. 

~B~ TOTALS m,m 307,644 239,890 21,600 l,~40 512 30B 102 4,500 268,453 
~96 

~87 

~·a8 PLANT l EQUIPftEIIT CONCRETE ARIIO"A SSC - "ARICOPA - I 12 CONCRETE PAGE 26 
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ARIZONA SSC P. E. Spmy 10-Jun-B1 \Al"1-COS\m 

58' 6ENERAl D E f 6 H ~ l II II 0 P DRS T U 
m UNIT SALVAGE fREIGHT ASSmLE DISASSEIIBLE SALES FREI6HT 
m DESCRIPTlOII 1110 SIZE aumm PURCHASE DEPRECIATE REliT IN UBOR OTHER LABOR OTHER TAl OTHER OUT JOB CHARGE 
592 VEHICLES ----------------------------------------------------------------------------------------------------------------------------------------------------------------------
m SEDAN P I U 12,913 3,022 9,B92 ',892 
594 PICWPS, 3/4 T, BAS P 10 EA 129,133 30,217 9a,916 98,916 
m OIESEl P EA 
~'6 A"BULANCE, USED PlEA 6,m 1,511 4,946 4,'46 
597 IIISCELLANEOUS E1IUI~ENT --------------------------------------------------------------------------------------------------------------------------------------------------------
598 "ECHANIC SHOP TOOLS Pl 3 I I II 92,238 21,584 70,b54 10,654 
m lIELOER, DIESEL PlEA 5,901 1,181 4,522 4,522 
bOO ElECTRIC P 1 U 4,421 1,036 3,m l,m 
bOl STEAII ClEANER PlEA 2,m 560 1,833 I,m 
602 CARPENtER SHOP Pl 1 lILT 922 216 707 107 
603 FIRE FI6HtlNG Pl 2 lILT I,m 289 I,m I,m 
604 SAFETY Pl 3 I III 9,224 I,m 7,785 7,785 
b05 lIGHTENIN6 DETECTOR P EA 
606 VIBRATION "ONITOR P II 
601 
608 EN61NEERING EGUIPIIEIIT -------------------------------------------------------------------------------------------------------------------------------------------------
609 TRANSITS PlEA 2,767 1,019 1,688 l,b88 
bIG LEVELS , I EA 1,184 540 844 844 
&\1 LASERS P 3 EA 21,010 4,921 16,109 16,109 
612 LASER STANDS A 4 EA 1,232 410 I,m 
613 DRAFTING TABLE PlEA 4bl 108 m 15l 
614 
6 15 OFF I CE -------------------------------------------------------------------------------------------------------------------------------------------------------------------------
616 CO"PUTER P I U 3,690 863 2,826 2,826 
bI7 CALCULATOR P 2 EA 12' 12' 129 
618 COPIER PlEA 2,767 648 2,120 2,120 
bI9 PLUEPRIIIT "ACHINE PlEA 922 216 101 107 
620 DESK, TABLE, CHAIR P 20 SET 7,l79 1,127 ~,b52 ~,b52 
621 FILING CABINET P 20 EA 2,767 216 2,551 2,551 
m mc FUIINISHING9 PL 1 I I II 7,319 m b,SOl b,SOl 
m o~m OffiCE EaUIP Pl 2 I I L T 922 144 778 118 
m .,. 
O.J 

b2b 
m 
678 FRE 161ft ON PURCHASES 1.0 LOADS 100 500 600 
,~2~ .... - ..... ---- ........ ---------- ... --------------------- ... ------- ...... _ ...... _=:=:l2=:z22:2::1:=:!:3:==~=211t.:t22~==2~=:::2===::=:=:======:2:=:22:=2:==:================:==I1::=====::::ZIl:==::l2:=::r::t=:=2ZZ::ZZ 

m 
~ ,I 
~ ,2 
m PLANT l £oumm GENERAL 

TOTALS JI7 ,053 72,290 244,163 100 I,m 410 500 241,005 

ARIlDIIA sse - "ARICOPA - I 13 GEN£RAl PLANT l EQUIP PAGE 21 
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~ -. t'l 
Al SSC IIARICOPA P. E. Spfrry OI-Jul-87 \Am-COS\IIIOIRECT ~ 

Fi 
'::>0 

4' INPUT DATA FRDII OTHER FIlES Labor Cost, t pfr Ian-shift! 308 ..... 
l:l SO Sull tool I, 1 4.67 ° P II R S T U y ~ -. 51 Saln Tn Rah, 1 0 II DESCRIPTION "" c 

52 Pour cost, [fnh ,fr nH 4 II liD. 1I0NTIIS IIAN RATE COST DTC YEH "DYE 1;:) 
l:l 53 Payroll, 11111 anI 01 tl 8.5 II SUPERVISIOII 1I0NTIIS IN c., 54 Contract Alt, Ii II10ns 01 II 19.6 II -. 

P'E An Value, lilllon! 01 tl 4.7 II PROJECT ilAIIAGER 1.0 25.6 25.6 9702 248,164 ;;;- 55 
56 II GEIIERAL SUPT 1.0 16.2 16.2 '055 147,104 c., 
57 II "" t:l 58 SCHEDULE DURATIONS IN IIONTHS Shalt Eltatlt! on II TUNNEL SUPT 1.0 11.7 n.7 9409 115,516 ;;;- S9 Tunnt! [auYltian 9.5 II ElCAVATlON WALKERS 1.0 9.5 2B.6 7762 222,140 ~ 60 Tunntl Concrfti ng 1.7 II CONCRETE WALKERS 3.0 3.7 11.1 7762 86,274 t:l-

'" 61 Totll PrajKt 25,6 II ~ 

62 " EIIUIPIIENT SUPT 1.0 16.2 16.2 9409 ll6,m " ~ 
61 • E 8 " I J K I I - 64 .ESCRIPTION II SHAFT SUPT ·,7762 '0 

Jo 65 110. IIOIIT"S "All RATE COST OTC VEH "OVEII ElCAVATlON SUPT 1762 '-.l 66 ENGINEERING IN 1\ ELECTRICAL SUPERINTENDENT 16.2 9055 
67 PROJECT £116111EER 1.0 24.6 24.6 8408 206,667 I \I CARPENtER SUPT 7762 
69 OFFICE UGIIIEER 1.0 23.6 23.6 m4 122,005 II CONCRETE SUPT 1762 
69 COST ENGINEER 1.0 22.6 22.6 5174 116,931 II 
70 TUNNEL tllGlMEER 1.0 10.5 10.5 6469 6B,m I II ••• SEZ.S::=C ••••••••• c •• cs ••• c:scs.:t •• cs •••• c: •••••• c ••••• t.t.:: ••••••• t •••• 

71 DRAFTSIIAN 1.0 13.2 \3.2 12J4 42,835 II INDIRECT COST SU""ARY 
72 II IIOVE 
73 FIELD EII61NEER 1.0 13.7 11.1 1115 97,195 I II OVERHEAD LABOR lID IIAN-IIONTHS COST DtC YEH III 
14 PARTY CHIEF 1.0 13.2 13.2 6469 85,670 II SUPERV I S ION 10.0 111.6 955,954 5 5 1 

~ 
15 IIIStRU"EIIT"AN 1.0 13.2 13.2 ml 77,103 II ENS I HEER I N6 12.0 198.2 1,03~,490 8 5 3 16 ROD"AN 13.2 5174 1\ AD"INISTRATIVE 9.0 154.7 605,J~8 1 I I ..... 
77 I I TOTAL OVERHEAD LA90R 31.0 454.5 12,595,m 20 II II 18 SAFETY E1I6111EER 1.0 11.7 13.1 6469 98,904 :: 

" FIRST AID PERSONS 3.0 13.2 39.7 3234 128,506 II OVERHEAD ElPEIISE .., 
80 II "OVE III II EA AT 8,000 t89,000 1:1 91 AD"IIIIStRATlYE II VEHICLE OPERATlOII mo '"ONTH 41,925 ~ 

~ 82 OFFICE "IIMASER 1.0 23.6 23.6 1115 m,757 I to IIAmAIN SUPERVISION SI,OOO '"DNTH It ,000 140,925 to ~ 
83 PURCHASINS ASENT 1.0 13.2 13.2 5174 69,5J6 II -.) 

84 ACCDUNTAIIT 1.0 22.6 22.6 3991 87,623 II SEHERAl OPERATIONS LA90R 190,323 :.. 
-'1 85 PAYMSTER 13.2 3881 1I EXPENSE 47,971 929,300 

86 mmEPER 1.0 13.2 13.2 3234 42,935 II 
91 ClERK 1.0 13.2 13.2 J2J~ 42,8J5 I I IIISC£llANEDUS JOB EJPENSE 230,410 
89 SECRETARY 1.0 22.6 22.b 1940 43,812 I I INSURANCE, tAlES AND 90ND 823,J84 
89 WAREHOUSmll 1.0 IJ.7 13.7 6468 88,904 II 
90 GUAROS, FULL TIllE 1.0 16.2 16.2 \940 31,522 II TOTAL INDIRECT COST t4,619,7I0 
91 GUARDS, WEEKEND 1.0 16.2 16.2 19~0 JI,m II 
n 
93 IHOIRm COSTS AR Il DNA SSC - "ARICOPA - I I INDIRECT COST SU""ARY PAGE 29 
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A I SSt "AR I COPA P. E. Sp!rry 01-Jul-87 \AI"I-tOS\lNDlRECl -. 
1'1 

::: 
:5 . 

4 A. Ae AD AE AF AS AH Al A~ AK AL Aft All AD A AD AR AS AT AU AY All ~ 

5 CREII RATE II ElIIIlPftEIIT OPERATlOI! HR SH HR "'" ::::, 
6 IIU"BER OF "Ell PER ftAN- LABOR II UNITS OPR OPR OPA REPAIR LABOR PARTS , SUPPL IES ...:. 

~ 1 CLASSIFICATION DAY SII 6Y TOTAL SHIFT "OIlTHS "01lTH5 COST 11 oESCR I PTI 011 TOT SPA USE PER PER PER "All-HOURS DOLLARS c 
8 II SH DAY OAT UNIT TOTAL UIIIT TOTAL 'l::s 

::::, 
9 6EIIERAL OPERATlDIIS DIRECT LABOR 11 

V) IQ BIT GRINDER '.5 11 BIT 6R1NDER 0.010 1.57 ;:::: 
11 GENERAL CARPENTER FDRE"AN l.O II "" . 
12 CO"PRESSOR OPERATOR Il.2 11 COftPRES50R, 1200 CF" 3.0 3.0 0.071 8.02 V) 
11 II "" 'l::s 14 SHAFT OPERA TI ON 11 

~ 15 TOP"AN 13.2 II ~ 16 HOISI OPERATOR Il.2 11 CRANE, CRAMLER, 70 T 1.0 3.0 0.382 10.36 C)-

~ 17 OILER 13.2 1: 
18 aOTTO""AII 13.2 II ."-.J 19 II ..... 20 DRYHOUSE"AII 0.5 0.5 13.2 6.6 42,835 II '0 

O::l 21 II 'J 22 OUTSIDE CREII II 
23 LABOR FomAII 1.0 1.0 14.2 14.2 92,Il8 II 
24 LABORERS 2.0 2.0 14.2 29.5 194,217 II 
25 UTILITY OPERATOR 14.2 :: CRANE, HYD., 15 T 0.2 1.0 0.2ll 15.82 
26 LOAOER OPERATOR 1.0 1.0 9.5 9.5 61,706 II FEl, 2.5 CT, c.t 950 1.0 1.0 0.250 14.07 
21 TEA"STER 1.0 1.0 Il.7 13.7 88,904 :1 FLATRACK 1.0 1.0 2.0 1.0 2.0 0.210 121 16.11 ',300 28 11 
29 "ECHANICS 11 
10 UIIIOII "ASTER MCHAIIIC 14.2 I: ELECTRIC IIELDERS, 300A 1.0 2.0 1.0 1.0 2.0 0.005 3 0.16 m .,.... :11 smL TOOL "ECHANIC 1.0 1.0 Il.2 Il.2 85,670 I: DIESEL WELDERS, 300A 1.0 1.0 0.5 1.0 0.5 0.041 6 3.05 456 c" n GREASER 9.5 II 

~ 33 II ~ 34 PUftPftAN 13.2 1I PimP, SUB, 3 lIP 1.0 3.0 0.005 0.39 rt: 
v., ~5 n 

~6 ELECTRICIANS I: TOTAL "AN-HOURS 130 ~ 31 fORE"AN 1.0 1.0 16.2 16.2 105,074 :: TOTAL GENERAL OPERATIONS REPAIR LABOR cht: I .~th z t95,670 t5,on ::::, 
I}~ ~8 OUTSIDE 16.2 I I TOTAL REPAIR PARTS' SUPPlIES 10,211 "" "-.J :;9 TUNNEL UCAVATlO" 1.0 1.0 '.5 9.5 61,706 II TOTAL REPAIR PARTS' SUPPLIES INCLUDING SALES TAl 0.0 1 10,211 
""- cO OVER mE 2.0 8 hDurs/W!!\ 13.2 52,m II 0. CI TUNNEL CONCRETE 3.7 II JAMlTORAl SUPPLIES tlOO PER "ONTH 1,325 

!2 : I S"ALL TOOLS , ElPENDA8LES 4.67 1 OF TOTAL GENERAL OPERATIONS LABOR 36,441 
n IOt~LS PER DAY 8.5 8.5 I: TOTAL EXPENDABLE "ATERIALS 31,766 
<4 tOTAL 6ENERAL OPERATIONS DIRECT LA80R 111.1 715,304 I: TOTAL GENERAL OPERATIONS EIPENDA9lE "ATERIALS INCLUDING SALES TAl 0.01 37,166 
C5 II 
~6 TOTAL GENERAL OPERATIONS LABOR 
:7 

ma,m TOTAL GENERAL OPERATION EXPENSE t47 ,977 

:2 INOIRECT COSTS ARIIONA SSC - ftARICOPA - I 2 GENERAL OPERATIONS PAGE 29 



c." 
"-
1:) 

~ 
~ 
'--.. 
~ 
..... -. N 
~ 
f:i 

~ ..... -. (") 
~ 
<:::l 
~ 

c." -. "-
~ 

c." 
~ 
:::s 
~ 
~ 
:::r-
"1> 

'" .... 
-0 
:lo 
"-l 

;:: -
:s 
~ 
...., 

"tl 
~ 
~ 
~ 

v 
~ 
'-I 

Al SSC ftARICOPA P. E. Sp,rry 01-Jul-a7 \AlftI-COS"NDIRECT 

4 EC EE EF EH EI El Ell EO ED ER 
5 COST II 
6 UNITS PER II UNITS 
7 DESCRIPTION DUAMmy UMIT COST II DESCRIPTION BASIS DUAIITITY 
8 II 
, SUPPlIES II INSURANCE 

10 OFFICE 16 ftONTHS 782 12,104 II AUTOftOTlYE 2.1 YEARS 13 Y,hltln , 
11 ENS I NEER 111& 14 MNTHS 58605 8,355 II BUILDER·S RIS~ CoNTR AftT ",5:10,000 moo 
12 SAFETY • FIRST AID 13 "oNTHS 977.5 12,941 II CoNTRAtTURAl LIABILITY PAYROLL 8,459,000 /SIOO 
13 FACllltT "AIIITENANCE 13 "oNTHS 195.5 2,589 II DEDUCTIBLE LS 
14 1\ rQUlmKT TRANSPORTATION LS 
15 II F I DEl ITT • roRGERY LS 
16 TOTAL SUPPlIE9 36,595 II "EDltAl. - SALARIED EftPlOVEES 454.5 ftAN-ftO 
17 II PLANT • EQUIPftENT 1.0 AYE VALUE 4,700,000 mOOIlR 
18 SERVICES II RAILROAD LS 
19 AUDIT LS I 19,550 II 
20 CONSULTANTS lS I 29,325 II 
21 CRITICAL PATH SCHEDUlE LS I 9,775 II TOTAL INSURANCE 
22 DISPUTES REYIEII BOARD 4 "TNGS 3,000 12,000 II 
23 HEAT • ftONTHS I 400 1,550 II TAlES 
24 HOftE OfFICE CHARGE 13 "oNTHS , 3,000 39,000 II GROSS RECEIPTS CONTR AftT 19,550,000 P,re,nt • 
25 LEGAL LSI 19,550 II HISHWAY USE 
26 TUNNel 1I6HTI N& 589,399 UH 0.04 2J,576 1\ INYENTORY 
27 PORTAL LIGHTING. RISC PIIR 43,709 UH 0.04 1,748 1\ PlANT • EQUIP"ENT I 0.5 AYE VALUE 4,100,000 /SIOom • 
28 PHOTOGRAPHY 13 ftONTHS I 50 662 II 
29 PHYSICAL EJA"",ATI0NS 3 EACH 100 JOO II 
JO POSTAGE \6 "oKTHS 293.25 4,764 II 
31 TElEPHONE 16 "OKTHS I 977.5 15,890 II TOTAL TAlES 
32 VATER, CHLORINE' ICE 16 "ONTHS I 100 I,m II 
33 II 
34 II 801105 
35 TOTAL SERVICES 179,305 II ftA I NTENANCE 
J6 II PERFOR"ANCE COKTR ANT 19,550,000 
37 FEES " SUBCONTRACTOR .. 
38 DONATIONS 2 YEAR 1500 3,191 II 
39 DUES LS I II 
40 LICENSES, AUTOftOTIVE 13 EACH/VR' 300 8,313 II TOTAL BOHOS 
41 LICENSES, OTHER LS I 2,000 " " 42 PER"I1S lS , 1,000 I I 
4J II 
H lOlAL FEES 14,510 : I 
45 II 
46 TOTAL ftlSCELLANEOUS J08 ElPEMSE mO,410 :: TOTAL INSURANCE, TAlES AND 80KO 
41 
4 B r NO I R£eT COSTS ARIlONA sse - ftARICOPA - 1 3 ftlSCEllANEOUS J08 £!PENSE, INSURANCE, TAlES AND 80ND 

ET 
COST 

PER 
UNIT 

800 

5.00 

150 
1.50 

1.00 

o.om 

PAGE JO 

EU 

COST 

21,840 

422,950 

10,000 
5,000 

68,174 
m,27' 

678,239 

49,350 

49,350 

95,795 

95,195 

IB23,384 

",--_4>.". , 
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At SSC "AR I COPA 

4 88 ICBD BEBF 
5 
6 
7 
8 OPERATION , 

10 
II NOTICE TO PROCEED 
12 
13 PROCURE EDUIPftENT, "DVE III, ElCAY PORTAL , START IN6 CHA"BER 
14 
15 ERECT TUNNEL aORIN6 "ACHillE' TRAIlIN6 FLOOR 
16 
17 ElCAVATE , SUPPORT TUNNEL 
18 
19 DElAl TO INSTALL CAllFORNIA SIIITCH 
20 
21 REIIOVE TBft ANDIOR PREPARE TO CONCRETE 
22 
23 CONSTRUCT ELECTRONIC SHIElD INS IUTCHES 1630' OCI 
24 
25 CONSTRUCT POVER ALCOVES 14408' OCI 
26 . 
27 PLACE FINAL LIKINS III DRILL • SHOOT • STEEL SET SUPPORTED 
28 
29 PLACE INVERT CONCRETE 
30 
31 RE"OYE UTIlITIES. FIliAL TUNNEL CLEANUP 
32 
11 YARD CLEAIIUP , "OVEOUT 
34 
35 
36 
37 
lB 
39 
40 
41 
42 
41 
44 
45 
46 
H 

Totll hnqth 01 tunntl 

Ovtrlll Iunntl production 

29568 Ittt 

96.3 HId., 

P. E. Sptrry 30-Jun-87 

BS BH 81 BK Bl Bft BN 

CUIlllLATlVE NORK DAYS 
SETUP .,oR "OIlTHS ftOIlTHS 

PRODUCTION DELAY mE QUANTITY 

210.0 10.00 10.00 

29.0 1.38 11.38 

201.0 FPD 29,568 FT 7.00 18.39 

2.0 lEA 0.19 18.58 

3,000 FPD 9.9110 0.47 19.05 

M WD/EA 47 EA 1.12 20.16 

2 WD/EA 2.5 1EA 0.71t 20.92 

75 FPD JOO FT 0.19 21.11 

700 FPD 2.0 29,568 FT 2.11 23.22 

1000 FPO 29,568 FT 1.41 24.63 

20.0 0.95 25.58 

DURATIONS: "obil i uti on 10.00 lonths 
ShiH hCilVition lonths 
Tunnel hCilnti on 9.54 lonths 
Tunntl Concrttt 3.71 lonths 
Totil Job 25.58 lonths 

BO 

\AIIII-COS\lNDIRECT 

• " M K n " " " H 



5.0 CUT AND FILL COST ESTIMATE 

This section gives the details of the cut-and-fill estimating process. The first 
page ghes a summary estimate by facility. Details of the facility estimates are 
given on the following pages. Finally, the Lab Building is used as an example 
of the building cost estimating process. 

Cut-and-fill estimates are given in the following order: 

5.1 Cut-and-fill Estimate Summary by Facility 
5.2 Details of Facility Estimates 
5.3 Details of Building Estimates 

State of Arizona, Maricopa Site, September 2, 1987 Volume 3, Page 249 



UNIT PRICE WORKSHEET DATE: 

PROJECT NAME: SSC - MARICOPA 
...... 
~ ITEM NO I RECAP 

~ ---------------------------------------------------------------------------------------------------------------------------~. 

~ 
5 

ITEM I I UN. UNIT TOTAL UNIT TOTAL UNIT TOTAL UNIT TOTAL. UNIT TOTAL 
DESCRIPTION IQUANTITVIIT. LABOR LABOR I EQUIP. EQUIP. I MAT'L. MAT'L. I SUBS SUBS • COST COST 

--------------------1--------1---------------------------------------------------------------------------------------------
~ EXCAVATE ACCEL.RING I •••••••• ICV. 0.03 90674 I 0.3B 1148542 0 O. 0.41 1239216 
~ EXCAVATE HE BOOSTER I •••••••• ICV. 0.03 38073 I 0.38 482259 0 0 • 0.41 520332 
~. EXCAVATE ME BOOSTER I •••••••• ICV. 0.03 30495 0.39 396429 0 0 • 0.42· 426923 
~ 
~ 
~ 

~ 
~ 

~ 
~ 

\) 
~ 
:r­
~ 

'-J 

o 
)0 
-...) 

:::: 
~ 
:-

... 
t! 
) 
) , 
.,) 

" ::;, 

EXCAVATE LE BOOSTER 1235,659 ICV. 0.05 11783 0.43 101333 0 o • 
EXC. FOR STRUCTURES 1674,667 ICV. 0.31 209147 0.99 667920 0 o • 
120" CIP PIPE I 88,730 ILF. 74.36 6597963 47.40 4205802 88.08 7815338 43.63 3871290 • 
8' CONCRETE INVERT I 52,581 ICV. 5.00 262904 10.00 525807 40.00 2103230 15.00 788711 • 
8'x8' LEB STRUCTURE I 1,090 ICV. 75.00 81750 25.00 27250 100.00 109000 50.00 54500 • 
12'X12'LINAC STR. I 951 ICV. 75.00 71325 25.00 23775 100.00 95100 50.00 47550 • 
BACKFI LL PIPE 1537,166 ICV. 0.30 161150 0.80 429733 0 o • 
REGULAR BACKFILL I •••••••• !CV' 0.10 672956 0.40 2691824 0 o • 

I • 0 0 0 o • 
I • 0 0 0 o • 
I • 0 0 0 o • 
I • 0 0 0 o • 

• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 
• 0 0 0 o • 

TOTAL 
BID TOTAL 

ILS'."*"" 8228219 """"10700674 """'*10122668 •••••••• 4762051 
ILS ••••••••• 8228219 •••••••• 10700674 •••••••• 10122668 •••••••• 4762051 

0.48 113116 
1.30 877067 

253.47 22490393 
70.00 3680652 

250.00 272500 
250.00 237750 

1.10 590883 
0.50 3364780 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 

..... • .. 33813612 
••••••••••••••••• 



V) 

~ 
r;, 

c -.., 
::t.. 
....;. 
t'l 

~ 
5 
:::.. 

"'" c 
~. 
c 
:;:, 
c 

q 
" :.., 
" ::> 

" ::l 
::J-

" 
'oJ 

<:> 
>.J 
'.J 

-," 
..., 

i:J , 

oJ 
>t 

CREWSHEET DATE: 

PROJECT NAME: SSC 
ITEM: ACCELERATlriN RING 

QUANTITy: •••••••• CY 

01-Jan-80 

ITEM IUN. UNIT TOTAL UNIT TOTAL UNIT TOTAL UNIT TOTAL. UNIT TOTAL 
DESCRIPTION IQUANTITYIIT. LABOR LABOR 1 EQUIP. EQUIP. 1 MAT'L. MAT'L. SUBS SUBS • COST COST 

--------------------1--------1----------------------------------------------------------------------------------------------
TAKE-OFF QUANTITY I •••••••• ICY. 1 1 1 • 
D-9 1 2 1 • 49.92 0 I 236.00 0 0 0 • 
WATERPULL I I • 23.86 0 I 65.00 0 0 0 • 
14 BLADE I I • 25.62 0 I 58.00 0 0 0 • 
FMN & PU I • 27.22 0 9.25 0 0 0 • 

0.00 
0.00 
0.00 
0.00 

o 
o 
o 
o 

TOTAL CREW 593 IHR. 126.62 
ADD HOLLAND LOADER I •••••••• ICY. 0.0046 

75038 368.25 218233 
12422 0.10 268311 

o 
o 

O. 494.87 293270 
O. 0.10 280732 

ADO HOLLAND CONVEYORI •••••••• ICY. 0.20 536621 0 o • 0.20 536621 
ALLOW 5000 CYIHR + I I • 0 o • 0.00 0 
2 HR/RAMP +1 HR/T.A.I I • 0 o • 0.00 0 

1 I • 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o " 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 

" 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o • 0.00 0 
• 0.00 0 0.00 0 0 o * 0.00 0 

------------------ ------------------------------------------------------------------------------------------------------
MMS TOTAL ······.·ICY. 0.0326 87459 0.3813 1023164 0.00 0 0.00 0 0.41 1110624 

BID TOT(\L ••••• ". CY 0.03 B0119] 0.38 IOI7~)80 0.00 a 0.00 0 0.41 1100073 



~ S UNIT PRICE ~ORKSHEET 

~ 
~ 
~ 

PROJECT NAME: sse 

DATE: Ol-Jan 
1987 

~ ITEM NO: 120" CAST-IN-PLACE PIPE 
-----­.... ------ ------;:-;. 

ITEM IUN* UNIT TOTAL UNIT TOTAL UNIT TOTAL UNIT TOTAL • UNIT TOTAL 
~ 
E5 DESCRIPTION IQUANTITVIIT. LABOR LABOR I EQUIP. EQUIP. I MAT'L. MAT'L. I SUBS SUBS eOST COST 

"> 
~ 
~ .... ;::;. 
~ 

'g 

~ 
~ 

~ 
~ 
~ 
:::; 
;;. 
~ .... 
.N 

'­
'C 
O:J 
'-I 

~ 
2' 
:::; 
t1; 
Lv 

'"t! 
~ 

0::) 
~ 

N 
'J) 

N 

--------------------1--------1---------------------------------------------------------------------------------------------
FINE GRADE 
4" WASTE SLAB 
8UY READYMIX 
BUY ~ATERSTOP 
8UY FORMS 
FAB & ERECT FORMS 
FORM & STRIP PIPE 
POUR CONCRETE 
CURE & !'1ISC 
REBAR 

TOTAL 
BID TOTAL 

I 113813 ISY* 1.00 113813 I 
I 375b ICY. bO.OO 225350 I 
I b2572 ICV* o I 
I 64371 ILF* 1.00 b4371 
I 1 ILS* 0 
I 120 IHR* 150.00 18000 
13377183 ISF. 0.80 2701746 
I 59593 ICV. b.50 387355 
I 59593 ICV* 5.00 297965 

IlLS. 0 
1 * 0 
I * 0 

• 0 

• 0 
* 0 
• 0 
* 0 
* 0 
• 0 
• 0 

" 0 
• 0 
* 0 
* 0 
* 0 
• 0 
• 0 

51216 ILF* 74.36 3808601 
77114 ILF4 74.3b 5734197 

2.50 284533 I 
10.00 37558 I 

0 
0 
0 

80.00 9600 
0.40 1350873 
7.50 4 l ,6948 
5.00 297965 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

47.40 2427477 
47.40 3655204 

o I o • 3.50 398347 
40.00 150234 I o • 110.00 413142 
45.00 2815753 I o • 45.00 2815753 
5.00 321857 I o • b.OO 386228 

250000 250000 o • *****.** 250000 
0 o • 230.00 27600 

0.20 675437 o * 1.40 4728056 
0 o • 14.00 834302 

5.00 297965 1 o • 15.00 893895 
o 12234738 2234738 4 ••••• *.* 2234738 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

88.08 4511245 
88.08 6792201 

o * 
o • 
o * 
o • 
o • 
o 11 

o • 
o • 
o • 

o " 
o • 
o • 
o * 
o • 
o 4 
o 4 
o • 

43.63 2234738 
43.63 3364484 

0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 
0.00 0 

253.48 12982061 
253.47 19546086 



~ CREWSHEET DATE: 16-Jun-B7 
...... 
r:, PROJECT NAME: SSC 
~ ITEM: BUILDING EXCAVATION 

J... QUANTITY: 674667 CY 
~ -----------------------------------------------------------------------------------------------------------------------------. H ITEM I IUN· UNIT TOTAL I UNIT TOTAL UNIT TOTAL UNIT TOTAL • UNIT TOTAL a - DESCRIPTION IQUANTITYIIT. LABOR LABOR I EQUIP. EQUIP. I MAT'L. MAT'L. SUBS SUBS .. COST COST S --------------------1--------1----------------------------------------------------------------------------------------------
~ TAKE-OFF QUANTITY = I 674667 ICY. I I I • 
~ 0-9 I I. 24.96 0 IIB.OO 0 o I o • 0.00 0 
;:;. 'lOB LOR I • 26.BI 0 90.00 0 o I o " 0.00 0 
a 65T ROCK TRK 3 • 71.5B 0 345.00 0 0 o .. 0.00 0 
~ 14 BLADE 0.5 • 12.81 0 29.00 0 0 o .. 0.00 0 :::> 
V, GR CHKR • 21.16 0 0.00 0 0 o " 0.00 0 
;::: FMN ~ PU • 27.22 0 9.25 0 o I o " 0.00 0 
~ ----------------------------------------------------------------------------------------------------------------------------
V, TOTAL CREW 1124 IHR. 184.54 207423 591.25 66',565 0 o .. 775.79 871988 
r:, I • 0.00 0 0.00 0 0 o • 0.00 0 
~ 
"- I • 0.00 0 0.00 0 0 o .. 0.00 0 
'" 21 .. 0.00 0 0.00 0 o I o .. 0.00 0 
0-
r:, • 0.00 0 0.00 0 o I o .. 0.00 0 .., • 0.00 0 0.00 0 0 o .. 0.00 0 
!'-' • 0.00 0 0.00 0 0 o .. 0.00 0 
..... .. 0.00 0 0.00 0 0 o .. 0.00 0 
'C .. 0.00 0 0.00 0 0 o .. 0.00 0 
0" 

0.00 0 0.00 0 0 o .. 0.00 0 '-.I • .. 0.00 0 0.00 0 0 o .. 0.00 0 .. 0.00 0 0.00 0 0 o • 0.00 0 .. 0.00 0 0.00 0 0 o .. 0.00 0 .. 0.00 0 0.00 0 0 o .. 0.00 0 .. 0.00 0 0.00 0 0 o • 0.00 0 

• 0.00 0 0.00 0 0 o .. 0.00 0 

• 0.00 0 0.00 0 0 o .. 0.00 0 

-' ::-
21 
'"" ~ 
'"tl 
:::> 

::r:;-
r:, 

tv • 0.00 0 0.00 0 0 o .. 0.00 0 
VI 11 0.00 0 0.00 0 0 o .. 0.00 0 w 

--------------------
HMS TOTAL 674667 ICY' o.:n 2071.23 0.99 664565 0.00 0 0.00 0 1.29 871988 

BID TOTAL 674667 CY 0.31 2091'.7 0.99 667920 0.00 0 0.00 0 1.30 8770b7 
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DATE 23-Ju,,-91 

PROJECT. ARllONA B.S.C. 

DESCRIPTION ...........•.. 
BUILDING. LAB BUILDING 
BUILDING AREA. 

SITEWORK. 
SUftSTRUCTURE. 

CONCRETE I 
CONCRETE II 
CONCRETE III 
CONCRETE IV 
REINFORCING STEEL 

SUPERSTRUCTURE. 
EXTERIOR WALL! 
ROOFING. 
INTERIOR CONSTR. 
SPECIALTIES. 
EQUIP. & FURNISHINGS. 
SPECIAL CONSTR. SOLAR 
CONVEYING SYSTEMS. 
FIRE PROTECTI ON. 
PLUMPING. 
H.V.A.C. 
ELECTRICAL. 

---------------------------BUILDING AREA 

TOTAL 

DESCRIPTION 

CONCEPTUAL OFSIGN ESTIMATE 
SUNDT CORP 6-18-87 

QUANT. UNIT 

365,0('0 SF 

--------
5.00 CY 250.00 

161.00 CY 2(,0.00 
942.00 CY 27(1.00 

0.00 CY ________ 

220.00 TNS 900.00 
3650('0.00 SF 12.0(' 
106500.00 SF 20.00 
1(1)000.00 SF 4.50 
265000.00 SF 5.00 

-------- LS 

-------- LS --------
-------- LS --------

2.00 EA 60000.00 
365000.00 SF 1.50 
3650fl(l. ('0 SF 4.00 
365(1)0.00 SF 6.nO 
3f,5000. <'0 SF A.OO 

-------- - --------SF -------- --------
-------- --------
-------- --------

_'SF -

QUANT. UNlT 

PUILDING. HEAVY WORKS FLDG 1,2 
PUILDING AREA. 

SITEWORK. 
SUPSTRUCTURE, 

CONCRETE I 
CONCRETE II 
C(1NCRETE III 
CllNr:RETE IV 
RrINfORCIN!1 STfEL 

SUPE flSTRUCTURE I 

EXTERIOR WALL, 
ROOF lNG, 

2G,22G SF 

1. ('0 LS 

3.00 CY 
67.00 CY 

If,.? 00 CY 

20000.00 

250. on 
2f)(1. (H) 

270. on 
0.00 CV _______ _ 

4fl_ (If) TNS "HlO. nn 
30/.~"' .. f.H) SF 1 ft .. 1)(' 

41;·~n. (10 SF" 12.00 
2f,c·2G.00 SF 3. no 

TOTAL 

1,500,000 

1.250 
41,8&0 

254,340 
(I 

198,000 
4,3AO,OOO 
2,130,000 

450,000 
1,325,000 

5(11). (tOO 

5(1(1 .. (1(}0 

30(1, ')00 
lc'O. noo 
547,500 

1.4&(1,000 
2, 1 '3(', (H)O 
2.920 .. 000 

(I 

(t 

I) 

0 

19,817,950 

51.56 

TOTAL 

20,000 

750 
17. 4c'f) 
43,740 

o 
41 .. 4(u) 

::\(" •• 5f .. fI 
4g~.(lO(J 

7B,G70 

PAGE 1 

SUNDT CORP 

DURATION MAN-HOllRS 

18 MO. 152718.00 

DURATION MAN-HOURS 

nRF n J NCt llllfS ME 7 7(1N J ~IF 



6.0 SHAFT ESTIMATES 

In this section four of the basic shaft estimating models are presented. Shafts 
were estimated based upon the finished diameter and on the muck hoisting 
method used. Models are presented for 20 and 30 foot diameter shafts excayated 
with a crane, and for 20 and 30 foot diameter shafts excayated with a hoist 
and head frame. Finally, the labor cost calculation for both 20 and 30 foot shafts 
is detailed. 

Shaft estimates are presented in the following order: 

6.1 20 Foot Diameter Shaft Sunk with a Crane 
6.2 20 Foot Diameter Shaft Sunk with a Hoist and Headframe 
6.3 30 Foot Diameter Shaft Sunk with a Crane 
6.4 30 Foot Diameter Shaft Sunk with a Hoist and Headframe 
6.5 Crew Labor for 20 Foot Diameter Shafts 
6.6 Crew Labor for 30 Foot Diameter Shafts 

State oj Arizona. Maricopa Site. September 2. 1987 Voillme 3. Page 255 



AZ SSC IIARICOPA SHAFTS 
"ODEL C - 20 FT DIAIIETER : CRANE 

OfF ON COLLAR SINK DRIVE FURNISH CLEAR DEIIDB TOTAL 
SITE SITE TO SHAFT DRIFT SHAFT SHAFT 

"DB "DB 28 FT ROCK 
10.~7 

STAfF 2392~ 17943 62b22 7~76 4~86 2991 11962 131405 

HOURLY LABOR 1250 12517 59530 493064 50197 26519 20079 23581 686736 

CONSUIIABLES 7~33 5246 0 5814 0 2325 3463 24281 

SITE RUNNING 2230 1573 0 1744 0 b97 1039 7283 

INTERNAL PLANT 3605 15015 0 6133 0 1000 3275 29028 

EXTERNAL PLANT 2400 4000 10285 0 16685 

CONCRETE 5200 10400 3435 19035 

LINER 0 

EIPLOSIVE DETS 3445 0 7600 11045 

DRILL STEEL BITS 1306 0 6400 7706 

W.W. IIESH 0 488 488 

ROCKBOLTS 0 1313 1313 

DIESEL 500 1474 0 1440 0 754 1000 5168 

INSTALLED EQUIPIIENT 4b695 46695 

fREIGHT' 6000 7000 13000 

RElOCATE PERSONNEL 8000 8000 

REINFDRCEIIENT 4546 4546 

fORIIWDRK 6686 6686 

SHOTCRETE 8240 2640 10880 

SERVICE PIPES 1000 1998 0 3600 6598 

lADDERWAY+SHAFT STEEL 0 0 

SUBTOTAL 11650 11310~ 139447 563927 98280 31005 27845 51320 1036578 
"ARKUP • 1 '1S 1981 19228 23706 95868 16708 5271 4734 8724 176218 
TOTAL 13631 132332 lb3153 659794 114988 36276 32579 60044 1212796 

" '.: 
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AZ SSC "ARICOPA SHAFTS 
"ODEL A - 20 FT DIA"ETER : HOIST AND HEAD FRA"E 

OfF ON COlLAR SINK DRIYE FURNISH CLEAR DEPlOS TOTAL 
SITE SITE TO SHAFT DRIFT SHAFT SHAFT 

fIOS "DB 28 FT ROCK 
16 

STAFF 34690 179,3 97193 7476 8972 2991 11962 IB1227 

HOURLY LABOR 1250 108895 29765 765262 50197 5303B 17679 203Bl 104646B 

CONSU"ABLES 1380B 52,6 0 5B14 0 2325 3463 30656 

SITE RUNNING 4143 1573 0 1744 0 697 1039 9196 

INTERNAL PLANT 14014 15015 0 6133 0 1000 3275 39437 

EXTERNAL PLANT 2400 4000 102B5 166B5 

CONCRETE 8910 10400 3435 22745 

LINER 0 

EXPLOSIVE DETS 3445 0 7600 11045 

DRILL STEEL BITS 1306 0 6400 7706 

".11. "ESH 0 4BB 4SB 

ROCKBOLTS 0 1313 1313 

DIESEL 1000 1474 0 1440 0 754 1000 566B 

INSTALLED EQUIP"ENT 46695 46695 

FREIGHT 8000 7000 15000 

RELOCATE PERSONNEL 8000 8000 

REINFORCE"ENT 4546 4546 

FOR"IIORK 66B6 66B6 

SHOTCRETE 15680 2640 18320 

SERYICEPIPES 1000 199B 0 3600 659B 

lADDERIIAY+SHAfT STEEL 0 0 

SUBTOTAL 11650 245156 1096B2 87BI35 982BO 62010 25446 4B121 147B4BO 
"ARKUP i 171 1981 41676 IB646 1492B3 1670B 105~ 4326 8181 251342 
TOTAL 13631 2B6B32 12B32B 102741B 114988 72551 29n2 56301 1729821 

State oj Arizona, Maricopa Site, September 2, 1987 V·ullime 3, Pa~1! :lS7 



· . - - . - - - -- - ----- - - - - - - _ .... - - - - '. - - - - - -

AZ SSC IIARICOPA SHAFTS 
"ODEl D - 30 FT DIAIIETER : CRANE 

OFF ON COLLAR SINK DRIVE fURNISH CLEAR DEMS TOTAL 
SITE SITE TO SHAFT DRIFT SHAFT SHAFT 

ItOB "DB 28 FT ROCK 
3.30 

STAFF 2392~ 2093~ 19738 25~20 1~95 2991 11962 10646~ 

HOURL Y UBOR 1250 12517 71399 155407 15027~ 8840 17679 20381 ~37748 

CoNSUIIASLES 7433 6529 0 19768 0 2325 3463 39518 

SITE RUNNING 2230 1959 0 5930 0 697 1039 11855 

INTERNAL PLANT 3605 17517 0 20853 0 1000 3275 ~6250 

EXTERNAL PLANT 2400 4000 12000 0 2000 20400 

CONCRETE 5200 17600 9018 31818 

LINER 11000 11000 

EXPLOSIVE DETS 5399 0 9757 15156 

DRILL STEEL BITS 2047 0 1078 3125 

W.W. IIESH 0 3623 3623 

ROCKBOLTS 0 4986 4986 

DIESEL 500 1720 0 4896 0 754 1000 8870 

INSTALLED EQUIPIIENT 46695 46695 

fREIGHT 6000 7000 13000 

RELOCATE PERSONNEL 8000 8000 

REINFORCEIIENT 7950 7950 

fORIIWORK 10040 10040 

SHOTCRETE 0 6880 6880 

SERVICE PIPES 1000 1998 0 5264 8262 

lADDERWAY+SHAFT STEEL 0 0 

SUBTOTAL 11650 113104 177092 175145 278747 10335 25446 50121 841639 
"ARKUP • 171 1981 19228 30106 29775 47387 1757 4326 8521 143079 
TOTAL 13631 132332 207198 204919 326134 12092 29772 58641 984718 

~ 
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.• o. '.. ________ • _.. ___ .. ____ .. ____ 4 • ________ ........ 

AZ SSC ftARICOPA SHAFTS 
"ODEL C - 30 FT DIA"ETER : HOIST AND HEADFRA"E 

SHAFT COSTS: J.6.S. HYND L J. ftILLI6AN: JUNE 1987 

OFF ON COLLAR SINK DRIVE FURNISH CLEAR DEftOB TOTAL 
SITE SITE TO SHAFT DRIFT SHAFT SHAFT 

flOS "OB 2B FT ROCK 
3.30 

STAFF 358B7 20934 19738 25420 1495 2991 11962 118426 

HOURLY LABOR 1250 124291 71399 155407 150274 8B40 17679 20381 549522 

CONSurlABLES 15828 6529 0 19768 0 2325 3463 47913 

SITE RUNNING 4748 1959 0 5930 0 697 1039 14373 

INTERNAL PLANT 15015 17517 0 20853 0 1000 3275 57660 

EXTERNAL PLANT 2400 4000 12000 0 2000 20400 

CONCRETE 8910 17600 9018 35528 

LINER 11000 11000 

EXPLOSIVE DETS 5399 0 9757 15156 

DRILL STEEL SITS 2047 0 1078 3125 

W.W. "ESH 0 3623 3623 

ROCKBOLTS 0 4986 4986 

DIESEL 1000 1720 0 4896 0 754 1000 9370 

INSTALLED EQUIPftENT 46695 46695 

FREI6HT 8000 7000 15000 

RELOCATE PERSONNEL 8000 8000 

REINFORCEftENT 7950 7950 

FOR"IIORK 10040 10040 

SHOTCRETE 0 6B80 6BBO 

SERVICE PIPES 1000 1998 0 5264 8262 

LADDERIIAY+SHAfT STEEL 0 0 

SUBTOTAL 11650 265374 177092 175145 27B747 10335 25446 50121 993909 
flARt:UP f 171 1981 45114 30106 29775 473B7 1757 4326 8521 168965 
TOTAL 13631 310487 207198 204919 326134 12092 29772 58641 1162873 
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CREW LABOR FDR 20 FT DIAIIETER SHAFTS 

IfOB COLLAR SET UP EICAV DRIFT ClEAR DEftOB 
STAfF LABOR • YEARLY DAILY CREW CREW CREW CREW CREW CREW CREW 

PROJECT IIAHAGER 1 73093 281 
SUPERINTENDENT 1 68068 262 
Etl61If£ER I 52627 202 
ftANAGEIIENT TOTAl 745 745 745 745 745 745 745 745 
STOREKEEPER 0 0 0 0 0 0 0 0 
SITE ACCOUNTANT I 45456 175 175 175 175 175 175 175 175 
SECRETARY 0 24533 0 0 0 0 0 0 0 0 
STAFF TOTAlIDAILYI 920 920 920 920 920 920 920 920 
STAFF TOTAlIWEEKLYI 59~1 5981 5981 5981 5981 5981 5981 

HOURLY LABOR WEEKLY 
SUPERVISORS 1 63985 246 0 246 246 738 738 738 246 
LEAD llINER I 1135 189 0 189 189 568 568 508 189 
'UNER 1 1031 172 0 688 688 2579 2063 2063 0 
OPERATOR 1 1103 184 184 368 368 1103 551 551 368 
TOPlANDER I 984 164 0 164 164 492 492 492 164 
LABORER 1 959 160 320 479 479 479 479 479 479 
IIECHANIC 1 1103 184 184 368 551 551 551 551 184 
ElECTRICIAN I 1103 184 184 368 551 551 551 551 184 
f£l 1 1103 184 92 184 184 184 184 184 0 
TOTAL HOURLY 963 3053 3420 7245 6178 6178 1814 
TOTAl LABORIWEEKLY) 6258 19843 22232 47093 40157 40157 11790 

CREW LABOR FOR 30 FT DIAIIETER SHAFTS 

IfOB COUAR SET UP EXCAV DRIFT ClEAR DEIIOS 
STAFF LABOR • YEARLY DAILY CREW CREW CREW CREW CREW CREW CREW 

PROJECT IItlNAGER 1 73093 281 
SUPERINTENDENT I 68068 262 
ENGINEER 1 52627 202 
IlANAGEIIENT TOTAl 745 745 745 745 745 745 745 745 

SITE AtCOUNTANT 45456 175 175 175 175 175 175 175 175 
SUPERVISORS 63985 246 0 246 246 738 738 738 246 
STAFF TOTAUDAIL Y) 421 920 1166 1166 1658 1658 1658 11M 
STAFF TOTAllllEEKl YI 4601 5831 5831 8292 8292 B292 5831 

HOIJRL. Y LABOR UEEXlY 

UAD lINER 1 1135 lB9 0 189 189 568 568 568 189 
lINER I 1031 172 0 860 860 3610 2063 2063 0 
OPERATOR 1 1103 lB4 184 368 368 1103 551 551 368 
TOPlANDER 1 984 164 0 164 164 492 492 492 164 
LABORER 1 959 160 320 639 639 479 479 479 479 
ftECHANIC 1 1103 184 184 368 551 .551 551 551 J84 
ELECTRICIAN 1 1103 184 lB4 368 551 551 551 551 184 
fEl 1 1103 184 92 184 184 184 lB4 184 0 

\, 
TOTAl HOURLY 963 3138 3506 7538 5440 5440 1568 
TOTAl LABOR(WEEKlY) 62S8 20400 22789 48998 35359 35359 10191 
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