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October 31, 2008

Mr. Aaron Yue

Project Manager

California Department of Toxic Substances Control
5796 Corporate Avenue

Cypress, CA 90630

Pamela Innis

U.S. Department of Interior
P.O. Box 25007 (D-108)
Denver, CO 80225-0002

Subject: Technical Memorandum - Summary of Colorado River Bridge Pier Construction
and Hydrogeologic Assessment

Dear Mr. Yue and Ms. Innis:

This letter transmits the Technical Memorandum - Summary of Colorado River Bridge Pier
Construction and Hydrogeologic Assessment describing the results of historical research into the
construction methods of the subsurface piers of the BNSF rail bridge, the Highway 1-40 bridge,
and the historic Red Rock Bridge. This memorandum also presents an evaluation of whether
the bridge piers could serve as preferred groundwater flow conduits to surface water.

This work was done in response to the California Department of Toxic Substances Control
(DTSC) letter to PG&E dated September 17, 2008 and the U.S Department of Interior (DOI)
letter to PG&E dated September 17, 2008, which directed this evaluation and the establishment
of a new RMP surface water sampling location at the westernmost BNSF bridge pier. The new
sampling location at the downstream side of the westernmost BNSF bridge pier will be sampled
over winter 2008-2009, beginning no later than December.

Do not hesitate to contact me at (805) 234-2257 with any questions or comments on this
information or the enclosed technical memorandum.



Mr. Yue and Ms. Innis
October 31, 2008
Page 2

Sincerely,

SN L% ZCU@L

Enclosure

Cc: Chris Guerre/DTSC



TECHNICAL MEMORANDUM CH2MHILL

Summary of Colorado River Bridge Pier Construction
and Hydrogeologic Assessment

PREPARED FOR: Pacific Gas and Electric Company
PREPARED BY: CH2M HILL
COPIES: U.S. Department of the Interior

Colorado River Indian Tribes
California Department of Toxic Substances Control

DATE: October 31, 2008
PROJECT NUMBER: 370367.MP.01.02

This memorandum presents a summary of historical information about the construction of
bridges across the Colorado River near the Pacific Gas and Electric Company (PG&E)
Topock Compressor Station (TCS) near Needles, California. Also presented is an evaluation
of whether the present or former bridge piers could serve as preferred pathways for
contaminant migration from groundwater to the Colorado River. This information review
and technical assessment were performed in response to letters to PG&E from the U.S.
Department of the Interior (DOI), dated September 17, 2008 (DOI, 2008) and the California
Department of Toxic Substances Control (DTSC), dated September 17, 2008 (DTSC, 2008).

1.0  Summary of Bridge Pier Construction Features

PG&E, assisted by Applied Earthworks and CH2M HILL, researched the construction of
three bridges crossing the Colorado River between California and Arizona near the Topock
site. In order from north to south, these are the Burlington Northern Santa Fe (BNSF)
Railroad Bridge, the Caltrans Interstate Highway 1-40 Bridge, and the historical Red Rock
Bridge. Figure 1 shows the locations of these bridges. Figure 2 is a 1966 aerial photograph
that shows all three bridges before demolition of the Red Rock Bridge.

Research efforts included contacting BNSF and Caltrans, reviewing San Bernardino County
historical records, and conducting other historical research. A concerted effort was also
made to contact appropriate staff at BNSF to request and obtain relevant information and
records. Two primary contacts with BNSF were obtained from the BNSF State Government
Affairs Office. Letters were sent to these contacts by mail and e-mail. These letters are
included in Attachment A-1. A reply was received from Mr. Matthew Graham with BNSF
which included four drawings of the BNSF Railroad Bridge. This letter can be found in
Attachment A-1 and the drawings can be found in Attachment A-2.

The relevant historical records and information assembled for each bridge are presented in
Attachments A through C. The key features of bridge pier construction for each of the
bridges are summarized below, and the specific information sources are cited in the list of
references and attachments.
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Burlington Northern Santa Fe Railroad Bridge

The BNSF Railroad Bridge (originally Colorado River Bridge / Santa Fe Bridge) was
constructed from 1942 to 1945. The bridge consists of seven piers, a west abutment, and an
east abutment. The substructure of each pier includes a pair of reinforced concrete cylinders,
capped with a 10-foot thick tie-wall that ties the two cylinders together. The tie-walls have a
box shape on either end, which is oriented in the north-south direction, which forms a
corner, rather than a flat wall, to the river current. The strategy for construction involved the
pouring and casting in place of individual reinforced concrete pneumatic caissons at the
surface of the working area on the river (Occiello and Sleicher, 1992). A bell-shaped
reinforced concrete working chamber was cast with a steel cutting edge located near its
bottom margin. The working chamber contained sufficient room for workers, known as
“sand hogs,” working at the bottom surface of the chamber to dig, drill, and dynamite
material off the river bottom for conveyance to the surface.

Once in place, the caisson working chamber was surrounded by a cylindrical pouring form
of the diameter of the eventual pier base cylinder. This form extended 8 to 10 feet above the
water surface, so that the successive poured sections of concrete cylinder lying above the
working chamber would be cured before following the working chamber downward below
the level of the river surface. As the steel cutting edge at the bottom of the chamber bit into
the river bottom, the sand hogs excavated, lowering the chamber to about 10 to 12 inches
per day. When bedrock was finally reached and tested, the working edge of the caisson was
definitively seated by excavating a minimum of 2 feet into the bedrock.

The steel structure of the BNSF Railroad Bridge consists of three 350-foot deck truss spans, a
50-foot beam span, three 100-foot deck girder spans on the west end, and a 100-foot deck
girder span on the east end. A more detailed description of the construction of the BNSF
Railroad Bridge and photographs can be found in Attachment A. As documented in the
historical records, this bridge was constructed as, and has remained, a railroad bridge.

Figure 3 presents a generalized cross-section, prepared in 1946 by Walter Robey, of the
BNSF Railroad Bridge (Robey, 1946). As shown in the cross-section, Pier 3 is located in the
deepest section of the river, and was the deepest pier built. At the time of construction, this
was the deepest pneumatic caisson excavation and construction in water-bearing materials
in the United States.

Photographs taken during construction of the BNSF Railroad Bridge are also included in
Attachment A-3. These photos document the installation of the cone-shaped caissons,
pouring of concrete, and construction of the steel superstructure of the bridge. The
photographs also show steel sheet piles driven as temporary cofferdams around the caisson
work areas. The photographs show that the bridge was constructed working from a
temporary railbed supported by what appear to be temporary wooden piles that were not
driven to bedrock.

Interstate Highway |-40 Bridge

The Highway I-40 Bridge was constructed by Caltrans from 1962 through 1965. The piers for
this bridge were constructed by driving steel piles into the river bottom. The concrete
portion of the piers extends down only 20 to 30 feet below the river bottom and rests on the
steel piles driven to bedrock. The piles were cut into lengths and sequentially welded
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together as the driving progressed so that all driving could be done above the surface of the
water. The bridge and pier locations are shown on Figure 4. Additional information
regarding construction of the Highway I-40 Bridge can be found in Attachment B-2 and as-
built drawings of the piers and the bridge itself are included in Attachment B-1.

Red Rock Bridge

The original Red Rock cantilever railroad bridge is shown on an aerial photograph from
1951 (Figure 5). This bridge was used as a rail bridge from the time of its completion in 1891
until 1947. At this point, the bridge was converted into a road bridge, replacing the steel
arch National Trials road bridge (labeled as the I-3 gas pipeline bridge in Figure 1) which
was built in 1916 and carried Route 66 until 1947. With this replacement, the Red Rock
Bridge became a part of the historic Route 66 roadway.

The Red Rock Bridge was built from 1889 to 1891 using pneumatic caisson methods similar
to those used to build of the BNSF Railroad Bridge, but with noteworthy differences in
materials. The Red Rock Bridge caissons were constructed of heavy timber and weighted
down by the first courses of masonry piers above water. The caisson for the western pier
was dug from the sand surface (approximately 467 feet elevation) through increasingly
indurated sediments to approximately 409 feet elevation. After reaching that depth, the
caisson was filled with béton, a rock and cement mixture, before the masonry pier was
completed atop the caisson. The pier depth of 409 feet elevation was approximately 7 feet
above design depth intended to reach bedrock, but was considered adequate because the
caisson rested and was keyed several feet into cemented bouldery sand and gravel. The
preceding descriptions are based on an article further describing the planning and
construction of Red Rock Bridge (Rowe, 1891), which is included in Attachment C-2. The
article includes historical photographs from the time of construction.

The Red Rock Bridge was originally constructed with a long, cantilevered center span. To
allow for increased train locomotive weight, a center pier was added to the bridge in 1910-
1911 so that the center span no longer acted as a cantilever. It is not known whether the
same caisson technique was used in 1910-1911 as was done for the original piers. Drawings
and photographs representing the bridge with the center pier are located in Attachment C-1.
The Red Rock Bridge was taken out of service after completion of the Interstate Highway I-
40 Bridge, and was removed, and the piers were demolished in the 1970s.

2.0  Assessment of Groundwater Migration Pathway

This technical assessment is based on review of aquifer groundwater conditions, bridge pier
construction, and current surface water monitoring results. The potential for the existing
and historical bridge piers in the Colorado River near the Topock Compressor Station to be
preferred migration pathways from groundwater to surface water was evaluated. The
approximate locations of all existing and historical bridge piers in the immediate vicinity of
the site are shown on Figure 6. Hexavalent chromium (Cr[VI]) groundwater data collected
in May 2008 are posted on Figure 6 (CH2M HILL, 2008a).

Assessment of Surface Water and Groundwater Conditions near the Bridge Piers

Cr(VI) is not stable in a chemically reducing environment. In a chemically reducing
environment, Cr(VI) will be reduced to trivalent chromium (Cr[III]), which is an insoluble,

BAO\083050003 3



SUMMARY OF COLORADO RIVER BRIDGE PIER CONSTRUCTION AND HYDROGEOLOGIC ASSESSMENT

non-toxic micronutrient (CH2M HILL, 2008b). The oxidation-reduction potential (ORP),
measured in millivolts (mV), is the most common and direct measurement of the redox state
of groundwater. Historical data from site monitoring wells show that ORP values below
(i.e., more negative than) -90 mV are indicative of geochemical conditions in which Cr(VI) is
not present.

PG&E conducted a pore water study in January 2006 to assess Cr(VI) occurrence and
concentrations at multiple locations upgradient and downgradient of the Topock site and to
assess whether geochemical conditions in shallow sediments below the Colorado River
favor Cr(VI) reduction. A summary of the 2006 pore water study results is presented in the
RCRA Facility Investigation/Remedial Investigation Report, Volume 2, PG&E Topock Compressor
(RFI/RI Report) (CH2M HILL, 2008b). Figure 7 shows the locations of the pore water
sampling that was conducted near the bridges. ORP was measured as a field parameter
during the 2006 pore water study. All ORP values at the 64 pore water sampling locations
were negative, ranging from -46 to -231 mV and with an overall average of -162 mV. The
ORP results, combined with the lack of Cr(VI) detections and other pore water geochemical
results demonstrate that geochemical conditions that readily reduce Cr(VI) to Cr(III) are
present in the shallow sediments that make up the riverbed over a wide area upstream and
downstream from the Topock site. More recently, slant wells have been installed beneath
the Colorado River from the Arizona and California shore in the area downstream from the
Highway I-40 Bridge. Geochemically reducing conditions and the absence of Cr(VI) was
observed in all samples collected during drilling of these wells through the fluvial
sediments into bedrock, and in groundwater samples from the wells. Reducing conditions
are also observed in wells completed in fluvial sediments near bedrock on the California
floodplain near the Interstate Highway I-40 Bridge. Based on all available data, it is likely
that reducing conditions extend throughout the entire aquifer beneath the river in the area
near the bridges. Thus, it is not likely that Cr(VI) in groundwater would be found in the
subsurface near the bridge piers.

Bridge Pier Construction and its Effect on Migration Pathways

The Interstate Highway I-40 Bridge was constructed with driven steel piles, which rely on
surface friction to support the load of the bridge. Driven piles compress surrounding
sediments during installation and are considered unlikely to create any voids in sediment
materials during installation activities. As iron rusts, it creates reducing conditions in the
surrounding groundwater, which encourage conversion (or “reduction”) of Cr(VI) to Cr(III).
One of the techniques for remediating groundwater containing Cr(VI) involves the
placement of powdered iron (also referred to as zero-valent iron) in the aquifer. The
presence of the iron pilings would therefore tend to enhance rather than degrade the
existing reducing conditions in the aquifer.

The BNSF Railroad Bridge and the Red Rock Bridge were constructed using pressurized
caisson construction. The BNSF Railroad Bridge construction method leaves steel and
concrete in the aquifer material down to bedrock, and would have likely caused more
disruption to and less compression of the surrounding sediments than the driven pile
construction of the Highway I-40 Bridge. The BNSF bridge piers were constructed in
segments by pouring concrete into circular forms at the surface and then excavating out
from underneath to sink the pier into the sediments. The soft sediments in the shallower
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portion of the river bottom would be expected to conform relatively easily to the smooth
and circular concrete surface of these piers.

The Red Rock Bridge construction methods utilized heavy timber caisson walls which were
filled with rock and cement. These timber caisson walls were left buried in subsurface
sediments. The sediments would likely not conform as closely to the rough or uneven
timber walls as to the smooth concrete walls of the BNSF bridge piers. In addition, voids
could be created as the timber rots; however the microbes involved in breaking down the
timber would remove oxygen from the groundwater and enhance the reducing conditions
already prevalent in this area. Under reducing conditions, wood decays very slowly. A
relatively intact wood fragment recovered from a floodplain monitoring well borehole was
dated to approximately 7,000 years in age by radiocarbon methods. Wood fragments were
also encountered just above bedrock at a depth of over 100 feet in the PGE-9 wells, located
on the Arizona shore a short distance below the Interstate Highway 1-40 Bridge (near MW-
56, as shown on Figure 1). The reason that the bridge piers needed to extend to bedrock is
because the sediments below the riverbed are subject to erosion and re-deposition. This
shifting of the riverbed would tend to fill in conduits that could develop from rotting
timbers. One of the major challenges encountered when installing the slant wells beneath
the river was the caving of the sediments that occurred as the drive pipe was pulled out of
the borehole. These boreholes collapsed as soon as the drive pipe was pulled. The same
collapse would be expected to occur around any rotting timbers associated with the former
Red Rock Bridge piers.

The disturbances created by drilling a well are analogous, although on a smaller scale, to the
disturbance from bridge pier construction. When drilling a well, the native sediments are
removed from the borehole and inert, aerobic sand and gravel is placed in the borehole.
Many monitoring wells have been installed in areas of reducing conditions in the Topock
floodplain and beneath the river. In most cases, the geochemical reducing conditions are
observed immediately after drilling, even though the aerobic materials have been placed in
the boreholes. Typically, the ORP fluctuates (within the reducing range) after well
installation and then reaches a new equilibrium after several months or calendar quarters.
The reducing conditions are a property of the groundwater that is moving through this area
as well as a property of the sediments. Thus, field evidence shows that removing or
disturbing sediments or creating a void in the sediments does not substantially alter the
geochemistry. The groundwater surrounding the piers would have equilibrated to a
preconstruction reducing state within a brief timeframe, likely before the PG&E Topock
Compressor Station began operations in 1951.

The Red Rock Bridge piers were reportedly installed in 1891 and 1910-1911 while the bridge
piers for the BNSF Railroad Bridge were installed between 1942 and 1945. The Cr(VI)
wastewater discharge to Bat Cave Wash occurred from 1951 to 1964. Given this timeline, the
railroad bridge piers were in place for a minimum of 6 years prior to the first potential
discharge and release of Cr(VI) to groundwater in Bat Cave Wash. Therefore, based on the
observations of the equilibration time in the monitoring wells drilled at the site, the aquifer
surrounding the bridge piers would have equilibrated to a reducing environment long
before any possible Cr(VI) migration through this area. As noted above, even in the unlikely
event that a bridge pier did provide a conduit for vertical flow, the available data indicate
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that there is unlikely to be a zone of oxidized groundwater that would be able to transport
Cr(VI) through any conduits that did exist.

Past and Ongoing River Monitoring

From July 1997 through April 2008, surface water samples have been collected from up to 43
surface water sampling locations (some samples collected at multiple depths). The current
surface water monitoring program conducted since 2005, includes routine surface water
sample collection from nine shoreline locations and nine in-channel stations at specific
depths in the Colorado River (Figure 7). This sampling program has shown consistent
results with Cr(VI) concentrations in Colorado River water below laboratory reporting
limits. Surface water sampling data from October 2006 through October 2007 can be found
in the RFI/RI Report (CH2M HILL, 2008b) and results from October 2007 through April
2008 sampling can be found in Groundwater and Surface Water Monitoring Report, Second
Quarter 2008, PG&E Topock Compressor Station (CH2M HILL, 2008c).

PG&E's current river shoreline and in-channel monitoring activity will continue in the
future on a quarterly basis during periods of high river level and monthly during periods of
low river level. A new in-channel river monitoring location has been added at the
westernmost BNSF Railroad Bridge pier, on the downstream side, to provide additional
river sampling data as directed by the DTSC and DOI letters (DOI 2008, DTSC 2008). This
new location will be sampled during winter 2008-2009 low river-level sampling events that
will take place between November 2008 and January 2009.

3.0 Conclusions

Based on this assessment, and the results of the comprehensive pore water and river
sampling to date, the following conclusions are made:

e Reducing conditions are present in the bed of the Colorado River to the depth of
bedrock in the slant monitoring wells below the Interstate Highway I-40 Bridge and in
vertical wells on both sides of the river near the bridges. In this geochemical
environment, Cr(VI) would not be stable.

e The driven steel pile methods used for the Interstate Highway 1-40 Bridge pier
construction would have resulted in compaction of the sediments and would not likely
have created any preferential pathways for flow. Subsequent corrosion of the steel
would enhance the reducing conditions.

e The pre-formed concrete caisson methods used to construct the BNSF Railroad Bridge
would have likely resulted in a relatively small disturbance of the sediments around the
smooth, cylindrical concrete caisson. The soft sand below the river bottom would have
quickly caved in and conformed to the caisson.

e The rock and concrete filled timber caissons used for the former Red Rock Bridge would
likely provide more opportunity for vertical conduits as the timber rots; however, the
rotting timber would enhance the reducing conditions and the soft, unstable sediments
beneath the river would tend to fill the cavities relatively quickly.

e Temporary oxidizing conditions in the groundwater caused by construction of the Red
Rock Bridge and BNSF Railroad Bridge piers would likely have equilibrated to
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surrounding reducing conditions prior to the chromium discharge to groundwater
associated with the Topock Compressor Station operations.

e Based on the available information concerning the extent of the Cr(VI) plume, the
prevalence of the reducing conditions in the fluvial sediments, the construction methods
for the bridge piers, and the characteristics of the sediments below the river bottom, the
bridge piers supporting the BNSF Railroad Bridge, the Interstate Highway [-40 Bridge,
and the former Red Rock Bridge do not appear to pose any significant risk as preferred
migration pathways for Cr(VI) from groundwater to surface water.

4.0 Certification

This memorandum was prepared by CH2M HILL under the supervision of the professional
whose seal and signature appears herein in accordance with currently accepted professional
practices. The technical assessment presented is based on the historical information and the
results and hydrogeological and geochemical evaluation of the sampling and investigation
studies cited in this memorandum. No warranty, expressed or implied, is made.

Sty %o t575

Paul F. Bertucci, C.E.G.
California Certified Engineering Geologist, No. 1977

Report Reviewed by:

g0 P

Jay Piper
CH2M HILL Project Manager
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Pacific Gas and A. Glenn Caruso Mailng Addross
1 Senior Cultural ail Code
Electric Company o o o P.O. Box 770000

Resources Specialist
San Francisco, CA 94105

Gas T&D - Remediation ~ Tel: 925.301.6954
Email: ggc3@pge.com

September 29, 2008

Chris Obmann, Supervisor Structures
740 Caregie Drive
San Bernadino, CA 92408

Dear Mr. Obmann:

The United States Department of the Interior and the California Department of Toxic Substances Control
recently directed Pacific Gas & Electric Company (“PG&E”) to conduct an assessment of the bridge footings
at the Burlington Northern and Santa Fe Railroad (“BNSF”) railroad bridge across the Colorado River near
Needles, California. I have enclosed copies of DOI’s and DTSC’s respective letters to PG&E directing
PG&E to perform this assessment.

PG&E is in the process of investigating and remediating groundwater containing hexavalent chromium
resulting from historic wastewater disposal at a PG&E natural gas compressor station on the California side of
the river. The Colorado River Indian Tribes recently expressed concern to DOI and DTSC that the BNSF
bridge footings might act as a pathway for subsurface groundwater containing chromium to migrate to the
river. As a result, DOI and DTSC directed PG&E to make an assessment of the bridge footings.

DOI and DTSC specifically directed PG&E to “use its best efforts to identify and obtain any existing written
documentation regarding the construction and condition of the current railroad bridge footings, including
consulting publicly available records, requesting records or information from the BNSF Railroad, and using
available means to obtain BNSF records if not provided by BNSF upon request.”

As directed by DOI and DTSC, this letter requests that BNSF provide PG&E with any existing written
documentation regarding the construction and condition of the current railroad bridge footings at the BNSF
railroad bridge over the Colorado River near Needles California. DOI and DTSC have directed PG&E to
complete our assessment by October 31, 2008. As a result, it is important for PG&E to have access to any
relevant documents as soon as possible.

We would be happy assist BNSF in any way possible in the search for the documents sought by DOI and

DTSC. In addition, we would be happy to answer any questions or provide additional information. I look
forward to speaking with you regarding this issue.

Very truly yours,
/ o
ML

A. Glenn Caruso
Senior Cultural Resources Specialist

cc: Edward Phillips



Pacific Gas and A. Glenn Caruso Mailing Address

: Senior Cultural Mail Code B16A
Electric Company Resources Specialist P.0. Box 770000
San Francisco, CA 94105
Gas T&D - Remediation ~ Tel: 925.301.6954

Email: ggc3@pge.com

September 29, 2008

Edward Phillips, Manager,
Environmental Operations

740 Carnegie Drive

San Bernadino, CA 92408

Dear Mr. Phillips:

The United States Department of the Interior and the California Department of Toxic Substances Control
recently directed Pacific Gas & Electric Company (“PG&E”) to conduct an assessment of the bridge footings
at the Burlington Northern and Santa Fe Railroad (“BNSF”) railroad bridge across the Colorado River near
Needles, California. I have enclosed copies of DOI’s and DTSC’s respective letters to PG&E directing
PG&E to perform this assessment.

PG&E is in the process of investigating and remediating groundwater containing hexavalent chromium
resulting from historic wastewater disposal at a PG&E natural gas compressor station on the California side of
the river. The Colorado River Indian Tribes recently expressed concern to DOI and DTSC that the BNSF
bridge footings might act as a pathway for subsurface groundwater containing chromium to migrate to the
river. As aresult, DOI and DTSC directed PG&E to make an assessment of the bridge footings.

DOI and DTSC specifically directed PG&E to “use its best efforts to identify and obtain any existing written
documentation regarding the construction and condition of the current railroad bridge footings, including
consulting publicly available records, requesting records or information from the BNSF Railroad, and using
available means to obtain BNSF records if not provided by BNSF upon request.”

As directed by DOI and DTSC, this letter requests that BNSF provide PG&E with any existing written
documentation regarding the construction and condition of the current railroad bridge footings at the BNSF
railroad bridge over the Colorado River near Needles California. DOI and DTSC have directed PG&E to
complete our assessment by October 31, 2008. As a result, it is important for PG&E to have access to any
relevant documents as soon as possible.

We would be happy assist BNSF in any way possible in the search for the documents sought by DOI and

DTSC. In addition, we would be happy to answer any questions or provide additional information. I look
forward to speaking with you regarding this issue.

Very truly yours,
/ o
ML L

A. Glenn Caruso
Senior Cultural Resources Specialist

cc: Chris Obmann



Hm __:;-}4!_’.3__ gl BMNSF Railway Company

P——
£
RALEHAY T40 [iast Camegne Dinve
San Bemardino, CA 02408-3571
2 Telephone: (209) 186408
MATTHEW P. GRAHAM Trax: [0 3B0-4087
Marager Emdronmental Remediation E-maul Matt.Grabam2@BNSF.com

October 17, 2008
01003663

Mr. A. Glenn Caruso

Pacific Gas and Electric Company
Mail Code B16A

P. O, Box 770000

San Francisco, CA 94105

Dear Mr. Caruso:

Please refer to your letter dated September 29, 2008, addressed to Messrs, Edward Phillips and
Chris Obmann, both with the BNSF Railway Company. Your request for information has been
passed to me for response.

Enclosed please find copy of BNSF’s (formerly ATSF Railway) drawings depicting railway
bridge construction plans at Topock, Arizona.

We are providing this information with the expectation that vou will provide BNSF copies of any
Pacific Gas and Electric Company (PG&E) assessment or comprehensive technical response
which may indicate that PG&E contamination or plumes are impacting BNSF property or
structures.

[f vou have questions or require further information, please contact me at the above number and
address.

Enc.

Cec: Ms. Pamela 8. Innis, DOI Topock Remedial Project Manager
Mr. Aaron Yue, Department of Toxic Substances Control



Attachment A-2
BNSF Drawings




—_—— x : : : w =

E v P
1
506 9" Faca o Facn of Parapals i i
———— - =2 2! of s - - e e e at0® GaTE T
5 POT R JE G 350°0° 0T Dack Truss 3pen Lot  450°0" DT Deck Truss Span ... G€f. 350°0° OF Deck Truss Seen . . Tt wirder .-ig:il_ AL o
- Sha. 2939/¢31.75- i B;f:‘-'g:ﬂ :;’r = 1_._'_ o Panals & 24k gee'3s A« o Pavels G_Jj'ﬂ::_.eﬁ';! T T s, e O _{G Panels & 34°7{" _4!!_2‘._ _— .r“a 2 Girder Spans| amcl Sba. 29376 + 25
" 3 "
e Loz fngusas m Stock €' BES 5242 ~—8/R +0.5 ]+ Grads : d{b‘:ﬁdé’n‘a’: 8 Tz 8/R. Liav 53048 To Chicage ==
e 2 —_— 2 Y LI PO DI VORAD 1 Vlgekdiriless .
z L 3 N\ [ A A s e
= . 4020 ~. d e . q . ¥ ol Vit Soviders
\ L T i E : ' =—Sand
Low Stael Eltv. #8325 ’ b s High Water Ling Elgv 4700 - £xp. o Enp = Grave/!
T\ ey 4720 [, g0 Maler - : o tow Steel Liern 470 2 Grave
' Mwm! Water Line Elav £50.0 5 ; - i 1y Bad Rack
— ﬁ_ _...—.__—_3 e s =~ Fast Abut ik
u X
'
= ' . st ! =l WS _; % ¥
" ! * g Al eglinders to be extended a 4
b ! mm“cgm of ZFY inte bedrock, @ Bed Rock “G
- g s .Small Boviders end Graval 7 &
’ LLEVATION AND SounoiNG FROFILE : , . .
- . Tast Hola®6 Scavr; i'-50'0" . E L
o] Taot Hele ¥8 i e, - frost el %i ' P » :
Test tale ®j2 | Trk From Sfoch ¢ ’;:\ r;';:?‘j‘“ Test Hole #i0 i ) Tast Hola ¥ 9 & % i-«f?;’f.:ijk Tast Hela ¥2 ;!':fzzo’f;' ??,-Sﬂ 3:";;!:! +{M! ;
Sta. 29399 #77.0 grgsz2z ) ) Sfa. 29357+ Ju.0 . S| Sta. 29383.1 750 ) Sfa F9879¢ 78 Rock @ Elev. 4458 Rock @ Elav. 450.5
. . Roch & £ ! Rock @ Eiav 3728 =g Rock @ Elew 3457 = ~ ¢ W.8 Track = Keck & Ea’mm 5 ) Sta £9376+25
= = St + Z - It 29375 ¢ 544
= T bl = = 2 :
v f ) N :‘: N ] ] er : i
; Test Hole #7 ) : Tast Hola ¥ £ 7 D Girder pans i '
g . kats .ﬁf;:::,jof‘ﬂr e e Sedige s | T L4 £8 Track and fixed Shass | |
. . B [y 4 3 & ! From Steck
. i t::.;: 3 rn Rock & Elev. 366.0 b ’ . 8e3 uu { L
? Rock @ Eicv. 396.0 a_qgcrnf as Shomn \ , i !
;. ; y j0a's" l\ jo2' 3" L - 3¢9-3" . ‘3s5ite” 4 - Js50°3" so1t8" - K7iE o 2 -
L ' =] . . L '
* Wast Abut Pier *7 P.rcr ﬁtﬁ' vy * : L. Figr *3 N i r Pier®|  FastAbut . 3

PLAN ©F Nm BRIDGE AND Tssr Ho:.z LOCATIONS. .

B . b

.sc.u.e 14 s0t0° rid

I e

\ '\
I- Jf-\zcmtrf.nﬁr
o
; - ﬁ,hl‘, 3 e
EsSTiMATED. QUANTITIES
" CoNcRETE=- Cu Y03 |Remrarcwe EXCAVA rron - Cu. Yba.
' f FoUNDATION |NEATH Srees - Loosr
v % 2000®] 3000%| 3000° | Tews Roek
e : Easr L agt =
Agursent 230 | 3w 7 [
i Pun®t | 150 | 235| 5257 | 70
5 . | peevz| 55| — | 520 | 02 |
= : g : SHEET i
2 pun¥3| s60|2680| 485 | sz5 | . ) ' - : pote F2am . ; y : Pl = G CRAWINGS
3 Pezvs | 550 [2780| 550 | 1800 . : ' - P L : " ’ - BE.S. 3275
Peres| 430 fioso | e1s | 169 | : : : = i e THE A.T. & S.F. RY. SYSTEM
L ' - - i —ﬂ-———'— '
#, = o A ] i = Sl ; 1 : - for © te sounding data ses ., Eig : Ri . 3
Puats | 285 [f140 | 230 | 2.0 s @ [ : : anplety Sivreing 3 J:’;“‘_ BR. A567, |37 DIST ARIZONA. DW.
Peae7 | 205 | 65| 230 | 20 . ; N« - - Wchoshar lag of soundngs o~ | NEW BRIDGE OVER THE COLORADO RIVER
i ' g : ) For Ganeral Notes on concrefae N
_ [ [ase [uza | 150 | s20 ; e o GENERAL ELEVATION AND PLAN ‘_
o # ) . SCALE: I"= 50-0" CHICAGO, LL,  OCT,i942. ;
2 : Forai. | 3075 |f0450°| 3285 95,7 b ; o Mo : : i R : . \ ; CORRECT: APPROVED: 5
; ' : : Reviseo [ 2643 38 ‘ o £
# Inciudes concrale befween cylinders as shonn. St lalesAngeiar . : i LA, gz :
t - BRIDGE LNGWEER SYSFEM CHIEF ENGINGER SYITEM 5
- : : VADE BF: Jﬁ“ 3 |2
' - Bees Lo -

e
it




kS |
% 3 20°0" ¢ te C.of frusses X Zlav. 53620 L-Basa of Rail
' l 7i0 7ia" 7ig" 7io” E A 38:0° € fo € Cyhindara .
i : ] § Track § Track i p Fier o Elav. #1020 280" € fo €. _Trusses |
f i [ |
' I
: Py
! 3000% Concrete
i in Piar Shof¥ _I—"‘—l
i S R
‘ Pl i
i i-r-t| s i ; "a E = i
i Z @/ 'pce Horp. & Vert - I
! H 'Fi Fgsad Shar smort. N z | k! i
- 'SI -] i . 4.}-
) Batter |1%im 127 i o
: ; reta” ia 1 @0 c.c. Horiy. ¢ Vert.
% « i .
' -0 domels lfo'c.c _— V..
: £ ba::‘a":f:ro A Elav. 4520 5'e 40’0
. . ™1 ] of 7he _
: ! I— e I PLAN ofF Pier _jor
: | Lire & Elaw 4500
| i
| |
: I
1 L
' L 7‘_‘“ 3
: L botfom Hion €
i # concret % #'®zt0cc) 17 eor
oo™ Cenrcreta 3"@!10'14 b:j‘ﬂ::;g;f_. -
i
%
3 .
: gta” 8o
; 2208 /60 z2!0"# 220" ¢
5 ] % )
3 - >
i o s BN
"f 1_1.|I _l_‘ * 0‘ “P
‘ Hl—l ] o4 [
§ Hitl T LK
“ - .| " ' T
& : T+ 111 ' LI
E : : r
i < > {aip !
i Claary’ '
s T ﬁ For Gemarel Notas on corcrafa i
+E "a| work ses Sheet ’ﬁwm o&:wé'a&of t
A cutting a sea eal -
¢ J—H-H-‘- HHH | & g sdge
: : b
z i t E3TIMATED QUANTITIES
3 i t E' = 20007 ConcreTE 430 CuYos.
3 ERaVE SR TION [Jaoa" Concasre [850 Cu Yos
1 + Near Woex 30007 ConceeTe 635 Cu Yos
ReinFoRcing STEEL 180Tons
HH J-TLEEH-I 1IN 4
!_. %-T—Fm mum| 2 ;:g sHEET [ | °
s a % gi 9 orRawinGs | |
p! %5 W B.E.S.3275 g
i : Badrock % & 1
i Bl THE AT. & SF RY. SYSTEM|!
‘ :
i = L BR.AS587, IST DIST, ARIZONA DIV. i
: =1 13 i = i
! Lin E Ano Parr SECT NEW BRIDGE OVER THE COLORADO RIVER | :
nND ELEVATION AND FART cTioN “ i
i ‘ beals DESIGN OF PIER"S |
it ’ SCALE: 3/16=1-0" CHIGAGO, ILL, OCT, 1042 8
A i CORRECT! APPROVER! E
Ei H (’d_.?g Z é ZF z -
: Bev. ksl r2cn8” BAIDGE INGINFER SYSTEM CHIEF EMGINEER svsTim | }
Y EReME FuB !
]
[ ] —— >
" . . ey B = TR e UL G e i ks RUREPRTSI g R
B Sk ke Al ncn q.m.d.-' o e et St it i g e i s o < i P S5 e Sl RS = B e e m-‘*‘“‘
= T e B L e ‘ i JOERE SN MR i ol I
g e
]
| i

'
i
-
a



| Bese of Mf—\

Mt e T
’ TS e g
el

| Elaw 536 7 for Piar ';
\‘ “_ Flav. £37.21 For Pier ¢7 380" € ts €. Cyplimdara
280" C to C Trussas \ %
i | by [ |
o 2 lg” -0
' : 10 __.r 70 7ig - é o
! ! o #,-,“* o 'E Elev 482.0 For Pier ¥7 i .
: 1 I 3. Flav. 472.0 Fer Pisr %4 3‘ '
f N .
i 4 ¥
! i 3000% Concrata 'l | ‘i:' Pl Lalll 1] - |" i b 'a 9
i i Sttt i Piar Shoft p N ] - i\ 7] %17 |
: FH R (£ etz gt ' — g
w5, { gar, In a . P )
E‘ T :“o':.'::“ol" Piar Shaft. [ \\ B § KW / |
r H] N v-/ .
: ] Botar | I” w i2” l
l ; [ O T e 00 29
L : ‘.‘ cc. for Piar FT §7%0 ie*[c.c. Horig. ¢ vert ) 15 g |
£ 3 P® rto” cc for Far| 6| In Besa of Pier Shaft X el .\ Elav. 462.0 For Fk_cr“r P » - |._‘f—-.
! s ¢@atotce ) v 1] %'%x 419" dowals @1'0ce: [ Elev. 4520 For Fiar 6 _Pran _or Pier TorP
i W oA [ S | Hn around bage of piar shafi —
o - 13
: : T -
: : - , ! Normal Wotar Lina
; 2 ; A [ ® Elev. 450.0
¥ ! [ 2 |
B H s |
e - % :
i T L
: In bottom #ie F‘
. = / . {em}‘nﬁ bchm;
3 Omit this porfion of conmcrate """*r‘ for Plar ¥ 8. s
i batwaan cylinders od Piar ¥ 7.
i
: fi
'.._ ]
: 8 o
2 ro-e” r0-0" % 1
L N o
5 teto”? z20'0” L G isto
b ; i Y
?' H ‘ol &
Ié: Ll ‘»: ‘? _}
; S -
o aels |
i 4 1 +
L i HH HHH 3 35 |
H 4 mm
: f HagHE A i
¥ Ll |
' | L | e —_— - '
¥ i _d i :Lj' H * 1 == rata I
! i
: - 1 I il sith Zooo™
j Hr A iy it
b . . | For Genmare! Notes on concrafe '
. L] work sea Sheet *2. For Detoils of i
o 5 Lo _tl Cm‘fmf £dga See Jheat "2,
o~ E 1 T :j
= = L L) _+-,l__|_
! |T T #*'_Hj':l EITIMATED QUANTITIES
i =T ¢
i i IO [1.01T0 ] [zaoo CowcrarTe 285 Cu. Yes. 285 Cu. Yos
i b _H'i inan 'I.- H 3 3 3 ifw‘-ner-’sg.g. FounoaTion | 3000 *Concasre 46 cu. Yos. 655 Cu. Yos,
: : J1 T —+ g— ] Ak ii. Near Work  3000% Concrere 230 Cu Yos. 2830 Cu Yos.
| t Wi ; _;i g ,.;...r Cuting Rewsorcing STEEL 7o Tows fo Tows
JE \_-h £
i p‘ MR g
-Bedreck Al % W ]
13 = = = 1] L, |
‘ [l 3‘ SHEET 8
B Concrata Seal i @ DRAW INGS
% ELEVATION Ewo FiLevarion Awo Farr Secrion B.E.S. 3275
e o ——

THE A.T. & S.F. RY. SYSTEM
BR.A587, IST DIST. ARIZONA DIV.
NEW BRIDGE OVER THE COLORADO RIVER}

DESIGN OF PIER®8 AND"7

SCALE! 3718 = 170" CHICAGO, ILL., DGCT, 1942
CORRECT! APPROV
Eov ilezrdl BRIDEE GNGINEER OYBTEM CHIEF GNOINEER 8YITEM

VADE WY : G
i

3 1 sk ; = e e i AR B
—-_w 2 . = s - % e el e 4 e e i S i, pinral simy R & . S
i .

8 [T

_L..,__._.._.:




S

)

: 3g-o” - i
] 7t 0" 2'0 120" 6 260" &#e € g‘ﬁna’m—g i
,! er. P r"
) Boza of Rofl— Elav, 5377 i Abut - 029" C o C.Gir g 20 10°C to ire ,_|_____-__
i . - Elav. 536 583 | p s |
| e = Iy Iy
; i H - i S| k') /—} I |
| *I\ - | 3 A N\ / - :
] g | : !
‘j i :I 1: K 2 1 . )
3 | L \ ™ L L i L <
i — 3 s s 3
| ; | ; e > R
: e ito” 1 . T
i f @i-0" c.c. 1 Ll Elav. 521,24 3 b o k] h i y < A
f: B <L+\\k—7 I | TH ; \ Leopmirs [ Terrs =
% k .L..I_I. ' -!_I.' v VN _! ‘ b, \\ , ;
& i '-':m :¢ H_ | ~ .
il ! 3000 Concrate & ' el -j:lj: -1 L
ii *l_!' 1887 | T" s jo-a" :I:l
! a
| ! | ?,l ! ! Elov. 51429 I i ! | In basa of pier shaft ; ‘ i | PLAN VIEW
! ™1 Ty ™ X L e ]
.; R NER - f,“,*,.v.;,e BEERERE . NRRRRR .
: Sty ?
I
: 5-a q.0" 4-0
I 5ig” s5to0” | . il

160" #

B L s L

; /6to” # oto” isto”# . 1
i 1
P } !
i : ¥ T i
H ; 3 i A : i
E : 5 S WT$ L 3 i
y o : ;
3 9 o H : 4
53 ! U U:[Tﬂ-:t S L:l'ﬁ/o { 3
E ~a® h i §
; i s ™ : %
B ! of s o =i - AR Y S : 1
t?i ! g & work see Shast #2.  For Defails of i #
E § i Cutbing Edge Jee Jhee! *2. ‘i H
£l ' - 1
T E L AT sotoumerete ; ESTiMATED QUANTITIES "
;,.I ; H I—l' [ e 2090: ConcrETE 430 Cu. !?s. ‘,
E t 0 ] o B T 3000" Comcrere (120 Cu. YD, e
“;i; r —‘_ m;;l;.m' j,_: !— Near Work 30007 C‘om:.:;r: 150 Cu. Yos. ] ¢
6 f . ‘I I:I:'Ij'l' ' :r ReinFoRcinG STEEL 12,0 Tors i 2
i ; pas
0 : F!-_ i Sl k i
4 | Sl f
! ! - jnyan b ) '
. ; ﬁ‘ [I E_ ‘IE'IE SHEET © :
.: E i E_IEE:FL E_ '_n_n DAAWINGS i i
| 3 gs . ' B.E.S. 3275 | .
H b d i 1
* sl = THE AT.&SF RY.SYSTEM -
:: & Cdak Bedreck BR,AS67,IST DIST, ARIZONA DIV. ' *
2 i o ) NEW BRIDGE OVER THE COLORADO RIVER :
1! i = DESIGN OF WEST ABUTMENT i
l\ ! SCALE:1/4"= 120" CHICAGG, ILL., OCT, 1942 2
: Exo ELEVATION Front ELEVATION AND PART SECTION. CORRECT APPROVED, b
: i Bev. fofsop47 A “SRIDOE SMOINELR SYSTFM CRIEF GNAINEER SYSTEM | 3
E ! TR - . - ' ;
i
2 L IR .. . I . L :
§ L IJ {L R ' IS N L I" Ly ;_. I.tfl I [ 1 l’ ; I».I o I;'. li.‘,“- ll I"'t'u‘i'- |"’i' | e el I i" ' .:Tﬂ.'.:
' \511‘\!@11@_‘1!.”:.*
5 : ST TR I [t (VAP PP | o M . . |‘l IR
g [t o o i o o o o o I



Attachment A-3
Construction History and Photos




Summary of BNSF Bridge Construction
History by David Earle, Applied Earthworks




David D. Earle

Earle and Associates
3335 East Avenue Q-6
Palmdale, CA 93550
10/16/2008

The 1942-1945 AT&SF Colorado River Bridge: Introduction

In 1940 and 1941, the Atchison, Topeka, and Santa Fe Railway put survey crews
in the field to lay out engineering plans for a proposed new railway bridge to be
built across the Colorado River at Topock, Arizona. The decision to replace the
existing Red Rock Bridge, built in 1889-1890, was motivated by concern over the
fact that both heavier locomotive loads and deterioration of structural members
in the bridge had necessitated a 10 mph speed limit on the bridge. The rather
tight ten degree radius of the approach tracks at the west end of the crossing
structure also necessitated a 10 mph speed limit, and the gantlet track installed
on the bridge in 1923 effectively limited the bridge to single track traffic
(Occhiello and Schleicher 1992ba:11-12). Both the Topock location and a river
crossing site several miles south of Needles were considered by AT&SF officials
for a replacement double track bridge, but the requirement to build a bridge
some five miles in length at the site nearer to Needles made the latter alternative
economically unfeasible (Means 1941:21-23, Occhiello and Schleicher 1992b:3).
While the decision to replace the existing bridge was made prior to United States
entry into World War 1I, the phenomenal increase in rail traffic density on the
line brought by the war confirmed the necessity of the replacement construction.
The railroad undertook the bridge construction as part of a major overhaul of its
infrastructure in southern California (San Bernardino Sun 1945:11).

Approach grading for the new bridge structure commenced in September of
1942, and the bridge was inaugurated for general use on March 7, 1945 (Desert
Magazine 1945:29, Myrick 1998: , Railway Age 1945). The Kansas City Bridge Co.
began foundation work on the bridge on November 16, 1942 and finished this
work on July 1, 1944. The steel structure work was carried out by the American
Bridge Co. beginning in September of 1942 (Myrick 1998:90-94, Occhiello and
Schleicher 1992b:6, 9, 10). As of 1948, the bridge was among the six largest in the
Santa Fe system (Armitage 1948:160). It was 1506 ft., 9 in. long, with double track
and three 350-foot deck truss spans, a 50-foot beam span, three 100-foot deck
girder spans on the west end and a 100-foot deck girder span on the east end.
The steel superstructure of the bridge weighed 6,500 tons. A Santa Fe bridge
engineer named Walter Earl Robey was involved in the construction of the
bridge, and described the construction project in a Master's Thesis submitted to



the railroad engineering program at the Univeristy of Illinois Urbana-Champaign
in 1946 (Robey 1946, Simmons-Boardman Publishing Corp. 1954:611).

The 1942-1945 AT&SF Colorado River Bridge Substructure
River Channel Conditions at the Bridge Site

As defined by some twelve test bore holes excavated in 1941-1942, the bed of the
river under the proposed bridge right-of-way consisted of circa 80-105 ft. of
alluvial deposits overlying bedrock, and underlying a river channel varying
between 5 and 25 ft. in depth. The location and depths of the bore holes are
shown in Table 1 and Figure 1 Occhiello and Schleicher 1992a:5). Both the river
channel and the depth to bedrock were slightly deeper in the east half of the
river, with the deeper part of the channel lying between piers 2 and 3. Thick
layers of silt, sand, and gravel overlay a thin stratum of boulders and gravel
sitting on bedrock on this east side of the river. This boulder stratum was absent
under the west half of the bridge right-of-way over the river (Figure 2).

A fluvial alluvial geology report prepared by consulting geologist Thomas
Means for the AT&SF was completed before the borings at the Topock bridge site
had been completed (Means 1941). Means had been tasked by AT&SF to evaluate
both the alluvial geology of the Topock crossing site and that of an alternative
proposed crossing location south of Needles. Means observed that the recent
building of dams on the Colorado River had created conditions of flood control
encouraging consideration of the alternative site (Means 1941:1).

Means had observed that the intromission of the upriver end of the
impoundment area of Parker Dam into the Topock Gorge and the narrows above
it would appear to reduce river flow sufficiently to contribute to the aggrading of
the river bottom at the Topock bridge site (Means 1941:1,18-19). He noted as well
that even well before the building of Parker Dam the Colorado River bed in
Mohave Valley had been aggrading, perhaps as much as 10 feet since 1902-1905.
He also assumed that the flow of de-silted water from newly constructed Boulder
Dam would in future cause the degrading of the river bed in the upper valley
north of Needles. He did not rule out, however, that future floods exceeding the
retention capacity of Boulder Dam could cause scouring of the river bottom at
Topock (Means 1941: 5-6, 8, 25). Robinson Rowe (1940), on the other hand, in a
highway bridge study of Topock crossing and other potential bridge sites in the
Mohave Valley, expressed confidence that the aggrading processes at Topock
associated with Parker Dam would provide a stable sub-fluvial environment for
future bridge pier construction (Rowe 1940:1).



Bridge Pier Construction

Both 'as planned' and 'as built' elevation drawings of the 1942-1945 Colorado
River bridge superstructure and substructure have been consulted (Atchison,
Topeka, and Santa Fe Railway 1942, Occhiello and Sleicher 1992b:8-9, Robie
1946). The substructure of the bridge consists of a west abutment, an east
abutment, and seven piers, numbered 1-7 consecutively from east to west on the
technical drawings. Pier 2 was located partially within the river, and piers 3
through 6 were constructed on river bottom. Piers 1 and 7 were located above
and outside the normal elevation of the river, calculated at the time at 450 ft.
above mean sea level. As planned, the bridge substructure pier bases would
include six north-south oriented pairs of reinforced concrete cylinders capped
with a 10-foot thick tie-wall tying the cylinders together. The seventh pier, Pier 2,
on the east shoreline, was planned without a base of paired concrete cylinders,
but as built, this seventh pier was based with a pair of concrete cylindrical
columns like all the other piers. The diameter of the concrete cylinders in the
piers varied between 14 ft. and 24 ft. The dimensions and characteristics of the
individual piers are discussed below.

The strategy for construction involved the pouring and casting in place of
individual reinforced concrete pneumatic caissons at the surface of the working
area on the river (Occiello and Sleicher 1992b:6-9). A bell-shaped reinforced
concrete working chamber was cast, with a steel cutting edge located near its
bottom margin. The working chamber, shaped something like a large version of
a 1960s space capsule, contained sufficient room for 'sandhogs' working at the
bottom surface of the chamber to dig, drill, and dynamite material off the river
bottom for conveyance to the surface. The initial casting of the working chamber
for each of the piers to be placed in the river was planned to be carried out on an
artificial sand island, above river water level. This built-up 'sand island' was to
be contained by steel bulkheads and pilings driven into the river bottom.
However, the Kansas City Bridge Co., contractors for the bridge substructure,
found it necessary to use this approach only for piers 3 and 6. The other river
pier sites featured river alluvium exposed at or above the current river level,
which could be used as a base for the casting. Once poured, the caisson working
chamber was surrounded by a cylindrical pouring form of the diameter of the
eventual pier base cylinder. This form extended some 8-10 ft. above the water
surface, so that the successive poured sections of concrete cylinder lying above
the working chamber would be cured before following the working chamber
downward below the level of the river surface. The working chamber was fitted
with chimney-like vertical passage and air lock above it to permit transfer of
personnel to and from the chamber, and transport of excavated 'muck' to the
surface. Once thus readied, the chamber, fitted in its hollow vertical form,
received the first pouring of additional concrete on top of the working chamber,



which weighted it down against the pneumatic air pressure pumped into the
chamber to prevent leaking of water from the riverbed. As the steel cutting edge
at the bottom of the chamber bit into the river bottom, the 'sand hogs' excavated,
lowering the chamber perhaps 10-12 inches per day. As the working chamber
worked its way downward, the pouring of the concrete was continued to keep
the upper surface of the chamber-and-column high above water level, as noted
above. The access way to the working chamber was correspondingly lengthened.
When bedrock was finally reached and tested, the working edge of the caisson
was definitively seated by excavating a minimum of two feet into the bedrock.

The working chamber and the access flue were then abandoned and filled with
concrete to create a solid reinforced concrete cylinder extending from at least two
feet within bedrock to above the water surface. The cylinders were then linked
by a massive tie wall ten feet thick. This tie-wall formed a single-cast body
consisting of quadrangular-shaped 'boxes' of reinforced concrete erected on top
of the cylinders joined by a rectangular block of concrete traversing over the
open space between the cylinders. This tie-wall had the 'box-shaped' elements at
each end oriented at 45 degrees to present a 'wedge' or 'point' to the north-south
river current.

The decision to use the cylinder and tie wall approach for constructing the pier
bases was stated by Occhiello and Schleicher (1992b:6) as motivated by
considerations of economy or cost-containment. The cylinder approach was
calculated to use significantly smaller quantities of concrete than would a
rectangular caisson. However, the fact that plans for bridge construction were
finalized during early and mid-1942, in the midst of concern about early wartime
shortages of construction and other materials, may have made this economy
appear doubly attractive. As it was, a wartime shortage of steel for the bridge
superstructure, despite the assignment of Priority 3 to the project, delayed the
completion of the bridge by many months.

Cement and Concrete Production for the Bridge Substructure

Both concrete aggregate and cement were supplied by the Santa Fe Railway to
the Kansas City Bridge Co. for the substructure work. Santa Fe in turn had a
contract with Sharp and Fellows Contracting Co. of Los Angeles for the
provision of aggregate. Sharp and Fellows had been contracted to construct
concrete track culverts and bridges and excavate new right-of-way for the new
AT&SF track alignment west of the Topock crossing. The firm had set up an
aggregate mining and processing facility that was apparently located in lower
Bat Cave Wash. This site also furnished aggregate for bridge pier construction
(Occhiello and Schleicher 1992b:5-6).



Cement used in the preparation of concrete was regular Portland cement, Type I,
shipped in 1,200-bag carloads that were delivered every other day to the concrete
mixing shed on the Arizona side of the river. Mixed concrete was transported on
a temporary trestle from the Arizona side to the pier sites, where rail-mounted
cranes lifted and lowered steel pour buckets into place to pour concrete into the
pier bases (Ochiello and Schleicher 1992b:4-7). Two different apparent schedules
or types of concrete are listed in production estimates for the different piers, with
a 2000# and 3000# type to be used for the cylinders, and a 3000# type to be used
for the neatwork bridge supports above the cylinders. The specific material
formulas for these schedules have not yet been identified, but these designations
appear to refer to types of concrete graded by compressive strength of the
concrete-aggregate-water mix in pounds per square inch at 28 days after
pouring, with 2000 PSI and 3000 PSI values indicated (Atchison, Topeka, and
Santa Fe Railway 1942, Dufour and Schantz 1943:349).

The Bridge Piers

Characteristics of individual piers are described below, based principally on data
from Occhiello and Schleicher (1992b:8-9) and Atchison, Topeka, and Santa Fe
Railway (1942). The depth of individual pairs of piers includes the 10 ft. high
reinforced concrete tie wall capping and joining the cylinders. The upper surface
of the tie-wall served as a base for the rectangular neatwork piers directly
supporting the bridge superstructure. The distances between piers given below
were measured between the center lines of the piers. The diameter, vertical
length, and bottom elevation data for each pier appears in a table on the 1945 'as
built' elevation drawing for the Bridge. Data on the approximate width (north-
south) of the piers was calculated from the 1942 'as planned' plan drawing, as
noted below (Occhiello and Sleicher 1992b:8, Atchison, Topeka, and Santa Fe
Railway 1942).

East Abutment:

The East Abutment was located on the river embankment approximately 150 ft.
east of the 450 ft. level shore of the Colorado River. The reinforced concrete
cylinders in the east abutment were 14 ft. in diameter and 61 ft. in depth, capped
by a rectangular neatwork bridge support approximately 20 ft. tall. The total
north-south width between the outer (north and south) edges of the cylinders
was approximately 39-40 ft., as indicated by measurements taken from the 1942
'as planned' plan view of the bridge. The base of the abutment cylinders was at
the 454 ft. level. The cylinders were installed through direct excavation of the
cylinder shafts without use of caissons.



Pier 1:

Pier 1 was located at a lower and more westerly point on the east embankment of
the Colorado River in relation to the East Abutment, at a distance of
approximately 95 ft. from the 450 ft. level east shore of the river, and 50 ft. west
of the East Abutment. The cylinders for this pier were 14 ft. in diameter and 34 ft.
in depth. The total north-south width between the outer (north and south) edges
of the cylinders was approximately 44 ft., as indicated on the 1942 'as planned'
plan view of the bridge. The base of the abutment cylinders was at the 454 ft.
level. The base of the cylinders were at an elevation of 455 ft. The rectangular
neatwork bridge support capping the cylinders in pier 1 was approximately 38 ft.
in height. The cylinder shafts for the pier were also directly excavated. Some 7.0
tons of reinforcing steel were shown as allotted to this pier on the 1942 'as
planned' bridge drawing.

Pier 2:

The east margin of Pier 2 was located at the east shoreline of the Colorado River
(450 ft. level). It was sited 100 ft. west of Pier 1. This pier had been specified in
the 1942 'as planned' drawings as consisting of a neatwork bridge support and
pedestal resting on exposed bedrock just underwater at the east shoreline. The 'as
built' data show that a change of plan was made so as to install a pair of
cylinders, 22 ft. in diameter and 49 ft. deep, reaching a bottom elevation of 408 ft.
The total north-south width between the outer (north and south) edges of the
cylinders was approximately 55 ft., as indicated on the 1942 'as planned' plan
view of the bridge. The cylinder bores were excavated using pneumatic caissons.
Approximately 45 ft of bedrock was excavated in this way, by far the deepest
penetration of bedrock by any of the pier cylinders used to support the bridge.
Pier 2 provided the easterly support for the easternmost of the three 350 ft. main
superstructure spans across the river, making stability and flood-resistance of the
pier a must. The base of the abutment cylinders was at the 454 ft. level. Some 0.2
tons of reinforcing steel were shown as allotted to this pier on the 1942 'as
planned' bridge drawing, before the decision was made to install reinforced
concrete cylinders as pier bases. The actual amount of reinforcing steel used is
not known.

Pier 3:

Pier 3 was located in the westerly part of the deepest portion of the river channel,
and was the deepest pier built. It supported the central and eastern 350 ft. main
spans of the bridge. It was located 350 ft. west of Pier 2. The pier cylinders were
22 ft. in diameter and 129 ft. in depth. The total north-south width between the
outer (north and south) edges of the cylinders was approximately 50 ft., as



indicated on the 1942 'as planned' plan view of the bridge. The pier is believed to
have been, at the time of construction, the deepest pneumatic caisson excavation
and construction in water-bearing materials in the United States. The installation
of Pier 3 presented major difficulties because of the depth of the pier base at an
elevation of 330 ft., and a depth below 450 ft. water level (river surface) of 124 ft.
(Occhiello and Schleicher 1992b:8-9). Excavation at such a great depth below
water surface presented a technical problem because of the air pressure required
in the caisson working chamber exceeding limits allowed under Arizona law.
The north cylinder of the pier was excavated first, with the working chamber
hitting river bedrock on the west side of the caisson at elevation 338. With some
difficulty it was possible to drive 3/4 in. reinforcing rods through the boulders
and gravel overlying the bedrock on the east side of the caisson to determine the
depth of bedrock there. This proved to be 330 ft. It was calculated that excavating
to that depth with the working chamber would require a pressure as high as 54
PSI in the chamber. Arizona law limited pneumatic caisson PSI to 50 lbs., and
attempts to get a waiver permitting 54 PSI operations failed. Then the railroad
attempted to persuade federal officials to temporarily lower the water level
behind Parker Dam so as to lower the water level at Topock, decreasing pressure
requirements. This request was refused. It was finally possible to get Arizona
officials to grant a waiver to operate the working chamber at 52 PSI, and work
proceeded .

Pier 3 was excavated through approximately 30 ft. of inorganic silt and fine sand,
33 ft. of fine to medium sand, 24 ft. of fine to coarse gravel, and 15 ft. of large
boulders and gravel to reach bedrock. It was the only pier to encounter the large
boulder and gravel stratum.

The rectangular neatwork bridge support capping the cylinders was
approximately 25 ft. in height. Some 17.5 tons of reinforcing steel were shown as
allotted to this pier on the 1942 'as planned' bridge drawing.

Pier 4:

Pier 4 supported the westerly and center 350 ft. main superstructure spans. It
was located 350 ft. west of Pier 3. The cylinders for this pier were 24 ft. in
diameter, and thus the widest used. The cylinders extended 94 ft. deep, reaching
an elevation of 362 ft. The total north-south width between the outer (north and
south) edges of the cylinders was approximately 58 ft., as indicated on the 1942
'as planned' plan view of the bridge. The bedrock surface at Pier 4, unlike that at
Pier 3, was relatively level rather than sloping. The pneumatic caisson excavation
penetrated approximately 60 ft. of inorganic silt and fine sand, and 43 ft. of fine

and medium sand, before reaching a 3-6 ft. layer of fine to coarse gravel and then
bedrock.



The rectangular neatwork bridge support capping the cylinders was
approximately 25 ft. in height. Some 18.0 tons of reinforcing steel were shown as
allotted to this pier on the 1942 'as planned' bridge drawing.

Pier 5.

This pier supported the west end of the westerly of the three main 350 ft.
superstructure spans. It was sited at 350 ft. west of Pier 4. The pier cylinders were
22 ft. in diameter and 84 ft. deep, extending downward to a bottom elevation of
373 ft. The total north-south width between the outer (north and south) edges of
the cylinders was approximately 55 ft., as indicated on the 1942 'as planned' plan
view of the bridge. The pneumatic caisson excavation for the pier passed
downward through approximately 46 ft. of inorganic silt and fine sand, 8-10 ft. of
fine to medium sand, 12-13 ft. of fine to coarse gravel, and a 12-15 ft. thick
stratum of non-riverine origin clay-sand-gravel extending from the west bank of
the river under the river sediments. The rectangular neatwork bridge support
extended approximately 30 ft. above the support cylinders. Some 16.0 tons of
reinforcing steel were shown as allotted to this pier on the 1942 'as planned'
bridge drawing.

Pier 6:

Pier 6 was located 100 ft. west of pier 5, and was the last pier from east to west to
penetrate water-bearing recent river-bottom sediments. The cylinders of the pier
were 16 ft. in diameter and 74 ft. deep, reaching an elevation of 382 ft. The total
north-south width between the outer (north and south) edges of the cylinders
was approximately 52 ft., as indicated on the 1942 'as planned' plan view of the
bridge. The pneumatic caisson excavation penetrated approximately 27 ft. of
inorganic silt and fine sand, up to 5-7 ft. of fine to medium sand, and 31 ft. of the
non-riverine clay-sand-gravel stratum mentioned above, before encountering
bedrock. The rectangular neatwork bridge support for Pier 6 extended
approximately 22 ft. above the support cylinders. Some 9.0 tons of reinforcing
steel were shown as allotted to this pier on the 1942 'as planned' bridge drawing.

Pier 7:

Pier 7 was located 100 ft. west of Pier 6, and its east face was sited upslope from
and approximately 25 ft. west of the 450 ft. level west shoreline of the Colorado
River. The cylinders for the pier were 16 ft. in diameter and 65 ft. deep, reaching
an elevation of 400 ft. The total north-south width between the outer (north and
south) edges of the cylinders was approximately 52 ft., as indicated on the 1942
'as planned' plan view of the bridge. Pneumatic excavation penetrated



approximately 65 ft. of non-riverine clay-sand-gravel and 20 ft. of a coarse non-
riverine gravel before encountering bedrock. The rectangular neatwork bridge
support for Pier 6 extended approximately 18 ft. above the support cylinders.
Some 9.0 tons of reinforcing steel were shown as allotted to this pier on the 1942
'as planned' bridge drawing.

West Abutment:

The West Abutment was sited 100 ft. west of Pier 7, upslope on the west
embankment of the Colorado River. Its cylinders were 16 ft. in diameter and 129
ft. deep, reaching an elevation of 385 ft. Pneumatic caisson excavation penetrated
approximately 20 ft. of boulders, 60 ft. of non-riverine clay-sand-gravel, and 55 ft.
of non-riverine coarse gravel before reaching bedrock. The rectangular neatwork
bridge support for Pier 6 extended approximately 22 ft. above the support
cylinders. Some 12.0 tons of reinforcing steel were shown as allotted to this pier
on the 1942 'as planned' bridge drawing.

Sources Consulted

Information on the design and construction of the 1942-1945 AT&SF railway
bridge was collected at several institutions. The 1942 'as planned' technical
drawing of the bridge was consulted at the California Railway Museum Library
in Sacramento, Ca., and the geological engineering reports on the Topock
crossing were reviewed at the Water Resources Center Archive at the University
of California, Berkeley. Other publications relating to the bridge were consulted
at the Tomads Rivera Library at the University of California, Riverside. The Santa
Fe Railway Historical Society of Temple, Texas kindly provided a copy of the
1992 Occiello and Schleicher article on the 1942 bridge, and the staff of the
Engineering Library at the University of Illinois at Urbana- Champaign provided
information about the 1946 Robey thesis on the bridge construction. Larry
Occhiello, one of the authors of the 1992 article on the bridge, provided me with
further information about the Robey thesis and the preparation of the 1992 article
and the illustrations it contained, including the elevation view plan of the bridge.
Phil Serpico, railroad historian specializing in the AT&SF, also provided valuable
assistance in tracking down information about the bridge. The bridge site at
Topock had been previously visited on several occasions, and the construction of
the predecessor Red Rock Bridge had been previously researched at the Needles
Public Library and the San Bernardino County Museum.
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First steel on the main bridge is represented here by the bent on Pier 7. The date is
June 1, 1944. This photograph is looking east from the California side of the BNSF
Bridge, with the Red Rock Bridge seen in the background.
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Placing the reinforcing bar for the cutting edge on the south cylinder for Pier 2.
The hoop shaped cutting edge, on which some of the workers are standing, rests
on sandbags to keep the conical shape level. The sandhogs worked inside this
cone shaped caisson as they lowered the cylinder inch by inch. This photograph

is looking south with the Red Rock Bridge and what is now the I-3 Pipeline Bridge
seen in background.
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Concrete pour completing the seal of the south cylinder of Pier 5 occurred on August 19, 1943. Note the “Plymouth” loco in the left center of
the photo. This photograph looking north documents the infilling with concrete of a completed caisson.
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Concrete is about to be poured in the Pier 2 cylinder on the right on top of the cutting edge. This cylinder will then be lowered to bed rock
by the sandhogs excavating inside the bell shape. The left cylinder has already commenced its descent. The man lock and material lock
shafts are in place on top of the cylinder. Once the cylinders have reached “the bottom”, the central hole and conical cavity will be filled
with concrete.
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The tie wall between the two cylinders of Pier 2 is now complete and ready for construction of the “neat” work (that portion of the pier above
the water level). This photograph looks west from the same vantage as photo 4, and shows the tie wall between caissons being built inside a
temporary steel sheet pile cofferdam.
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Erection of Spam 3 nears Pier 2 on the day before New Year's Eve, 1944. Spans 4 and 3 were constructed using only one temporary falsowork
bent each. This photograph looks northwest.
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This May 1943 photo looking toward the Arizona side shows work on the north cylinders of the piers. The concrete pour on the near
cylinder (Pier 6) is about to commence. This photograph shows the temporary trestle, apparently supported by shallow wooden piles,
used to support construction.
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Attachment B
Interstate Highway I-40 Bridge
Historical Documentation




Attachment B-1
Caltrans Drawings and Text
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CALIFORMNIA DIV ISIORN HIGHWAYS

o BRIDGE DEPARTMENT

October 21,1965

08-SBd-40-160.9/164.8
14-037484 (554)
I-040-2(6)154

Colorado Riv Br at Topock

Mr., D.F. Downing:

heference is made to 3ection 6.2 of the Bridge Construction
Kecords and Frocedures.

All subsurface excavation and pile driving has now been com-
rleted on the above noted contract. At the Marina Road UC Br No 54-670
foundetions are supported on 10BPLR steel piling which were driven to
L5 ton bearing using a Vulcan 500 hammer with swinging leads supported
by a 25 ton Bay City truck crene. Holes were predrilled for abutment
piles &s specified and no difficulty was encountered in resching the
spec¢iLeQ tip elevation and bearing.

At the Colorado River Bridge, Br No 54-415, sbutments are sup~
ported on 10BF57 steel piling which were driven to 80 ton bearing using
a McKiernen-Terry 11B3 hammer mounted on & Manitowoe 2900 truck crane
with swinging leads. Holes for zbutment piles were predrilled to elev-
ations specified in Special Frovisions. Piles were specified to penetrate
at least 5'-0" below 0OC at zbutment 1 and 12'-0" below 0OG at abutment 8.
The bearing value for -butment piles shown on sheet 35 of the Contract
Plans ¢}901fleq 65 ton piles whereas 3ection 11-1.15 of the Special
Provisions specified that abutment piles be driven to 80 tons. This
discrepency could wccount for an overrun of 28.3% on furnishing steel
piling 10BF57. Piles at sbutment 1 & 8 penetrated ten to fifteen feet
deeper than estimated.

Fier 2 is the only locztion where piles were not specified
and this was due to « very aense red conglomerate, which is so prevalent
in this area, being c¢lose to the original ground surfsce. Plans provided
for a 11'-6" tremie sezl with bottom of seal szt elevetion 430. Sheet
piles were driven to refusal on the North, Fast & 3outh sides of the
footing with penetration being only 14' to 20' below 0G (L60). Exczvation
disclosed the very aense red cemented conglomerate sloping downward
towerd the river «nd slightly upstream wita the elevation «t the edge
of the footing nearest the river being 446 + . CCO #4 was issued t
eliminate the tremie sexl ind reise the footing elevation to 441,

Ford BD-74. FOR INTRADEFARTMEMTAL USE OMLY



CALIFORNIA DI VYISIOCN HIGHWATYS S

BRIDGE DEPARTMENT

The excavetion was kept dewatered by meens of « 3" submersible pump.

to a bearing vazlue of 145 tons. .1les were g}lleed prior to dr1v1ng,
in lengths long enough to permit «ll driving to be done above the water
surface. Piles were locsted in proper position by mesns of a timber tem-
plate constructed within the cofferdem wnd were driven to approximately
10 feet above specified tip elevation with & bodel VHD-2 Vulcor Vibro-
Hazmmer. Penetration and bearing velue was then obtained by means of a
Vulcan 140C hammer mounted on & Manitowoc <900 truck crane with swinging
leads.

No difficulty was encountered driving piles in piers 4,5 & 6
and bearlng was ‘obtained approximately 3 feet oelow specified tip elevation.
At piers 3 & 7 piles did not, in every cuse, reach specified tip. Piles
at these two piers penetrated to rock formetion wnich I presume to be
the same red conglomerate shown on the Log of Test Borings., This formation
again slopes downward towards the North., Files refused after penetrating
& few inches into this formetion.

The final quantity for furnishing 14BP117 weas only 2.35% under

the original estimate,

Gordon A Morse
Resident Engineer
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David Earle Document on 1-40 Construction




David Earle

Earle and Associates
Palmdale, Ca.
10/20/2008

Background on Construction of the Interstate 40 Highway Bridge Crossing the
Colorado River at Topock, Arizona.

The construction of the Interstate highway bridge formed part of a discontinuous plan of
construction of the Mojave Desert portion of the superhighway- individual projects and
segments along the right of way were developed in a piecemeal fashion. The routing of
Interstate 40 in California was officially adopted in segments by the California Highway
Commission between August 1954 and January 1963, with the Topock and Needles area
having been established first in 1954. In 1960, the Bureau of Public Roads confirmed the
Needles routing of the Interstate (Los Angeles Times 1965b).

In 1961, Rex Whitton, who had served as Chief Engineer of the Missouri Highway
Department, was named Director of the Bureau of Roads by President Kennedy, and is
widely credited by highway historians with saving the Interstate highway program in the
wake of widespread scandal at the end of the Eisenhower Administration. Whitton and
his staff apparently felt themselves under pressure to 'rationalize' highway routing and
expenditure, since in December of 1962 these officials proposed building Interstate 40
from San Bernardino to Topock by way of Twentynine Palms rather than following the
current Route 66 through Barstow, in order to save 50 miles of distance (Los Angeles
Times 1962). This proposal was later abandoned. Then in February of 1963, Whitton
announced that the route of 1-40 west of Kingman, Arizona would be reconsidered. A
proposal was made to change the route from the original right-of-way following Route 66
to Topock and Needles, and redirected northwest to Searchlight, Nevada, to join with
Interstate 15 near Ivanpah, California. It was claimed by Whitton that this new route
would save 115 miles of right-of-way and $30 million in construction costs. However, in
September of 1963 the Topock-Needles route was reconfirmed from Washington
(Jefferson City Post-Tribune 1965). In July of 1964 it was announced that bids would be
opened by the California Division of Highways on September 3rd for construction of a
1,300 ft. long steel span girder bridge to carry a reinforced concrete four lane highway
deck across the Colorado River at Topock. The bridge was estimated to cost $3.15
million, and to involve 18 months of construction. At the time of the bid announcement,
it was stated that California would contribute $1.85 million for the project, and Arizona
the balance (Los Angeles Times 1964).

As of the first week of January 1965, the E.L. Yeager Co. of Riverside had been given a
contract to build an Interstate-40 overpass over Santa Fe railway right-of-way in Needles.
A ten miles stretch of Interstate 40 was being built in the Daggett area, and the Interstate
bridge was already under construction at Topock (Los Angeles Times 1965a). Then in
April of 1965, Whitton announced that the re-routing of Interstate 40 by way of
Searchlight, Nevada was again under consideration, despite the fact that the highway
departments and public officials of California and Arizona considered the route of



Interstate 40 settled, particularly since construction between Kingman and Barstow via
Needles was already underway (Los Angeles Times 1965b, Yuma Sun 1965a). Press
reports indicated that Whitton was planning to use the Searchlight route due to the
alleged savings in construction costs. During the balance of 1965, California and Arizona
public figures- governors, senators, congressmen, and highway officials- and the
residents of Needles as well, all mobilized to get the Searchlight proposal killed
(Jefferson City Post-Tribune 1965, Los Angeles Times 1965¢c, Yuma Sun 1965b). The
Barstow-Needles-Kingman route had already involved the spending of some $27 million,
so the notion of a substantial savings of S30 million with the new route seemed hard to
sustain. Whitton had initially refused to back down, but it was reported on February 6,
1966 that the Bureau of Roads had just announced that the Topock- Needles route would
be followed after all (Fresno Bee 1966).

In late March of 1966, a further controversy developed when various regional
newspapers announced that Whitton had asked for a delay in soliciting bids on the
Kingman- Needles- Barstow section of the highway. Mohave County area Congressman
Senner and Arizona Sen. Fanner had then met with the Kingman, Arizona Chamber of
Commerce to discuss the apparent delay, and Senner vowed to speed up action on
construction of the route (Tucson Daily Citizen 1966).

It was mentioned in the Los Angeles Times in May of 1965 that the new highway bridge
crossing the Colorado River at Topock was scheduled to be completed in March of 1966
(Los Angeles Times 1965b). The adjoining two miles of Interstate divided highway east
of the bridge in Arizona was opened to traffic in 1967. However, the next ten mile
segment of Interstate 40 in Arizona commencing two miles east of the Topock highway
bridge was not opened until 1977 (Arizona @ RockyMountainRoads:2)
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Attachment C-2
Article by S. M. Rowe, 1891,
Describing Construction of the Red Rock Bridge
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(Vol, EXV.-——Deecmber, 1881,)

RED ROCK CANTILEVER BRIDGE.
FOUNDATIONS,

By 8. M. Roweg, M. Am. Soe. C. E.

WITH DISCUSSION.

As a formal report has already been made to the Atlantic and Pacifie
Railroad Company, through its General Manager, D. B. Robinson, the
purpose of this paper will be to outline the history of the construetion
of the bridge ; the causes that led to its construction, and to give all
facts that may be of interest to the civil engineer and the scientist. The
original line of the Atlantie and Pacific Ruilroad, when constructed i
1883, was Iaid in such a way as to skirt aand traverse the valley of the
Colorado River for a distance of nearly 8 miles, finally erossing thart
river about 2} miles south of what is now Needles Station, on the Cali-
fornia side, This point of crossing is 18 miles south of Fort Mohave,
near which is fized the southernmost point of the State of Nevada., Ten
miles south of the original brildge, the river valley narrows into what is
known as Mohiave or Needles (‘aflon ; so named from a small hat razged
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vange of voleanic monotins on the Arizona side. At the head of this
eafion is the site of the Tled Toek Bridge.

The Colorndo River rises in sonthern Wyoming, draining western
Colorado, eastern Vtah, a small portion of southern Nevada and castern
Californin, and abont three-quarters of the Territory of Arizona. The
drainage avea is about ZH 000 squar: wiles, most of which is mountain-
o, consequently its water is always turbid, and theguantity of silt held
in suspension and carried forward at the same veloeity as the water, is vory
cousiderable, amounting, as determined by precipitation of numerous
samples, to 1.56 grains per cubie ineh of water. The silt when thoroughly
dry is fonnd to weigh 59.95 pounds to the cubie foot.

While most of the distance through which the river flows is across a
(desert, almost rainless (except on rare occasions in which storms of great
violence oecur), its tribntaries rise mainly on the west slope of the Rocky
Mountains, where heavy rains are frequent and where the snowfall is
sometimes quite heavy. Large accumulations of snow suddenly sct
free by o sudden thaw or by heavy rain, owing to the great declivity of
the land, will cause violent floods and correspondingly severe attrition
both on banks and river bed, by which earth, sand, gravel and bomlders
will he ecarried forward,

To form some iden of the amount of silt earried forward, take the fine
silt above mentioned, mueh of which is so fine that it requires hours or
even days to precipitate it. In the high water of 1554, taking the record
as given by Chief Engineer W. A, Drake, who estimated the maximum
velocity at 8 miles per hour (which seems from more recent observation to
be within bounds), and an approximate area of river at 48 500 square feet;
then assuming 5 miles per hour as the mean veloeity, giving 334 000
eibic feet of water per second, the 1.56 grains per ¢ubie inch wonld give
7 900 000 eubic yards of earth, or 6 400000 tousat 1 620 pounds percubie
vard for each twenty-four hours of that flood.  Then taking 50 600 eubie
feet per seeond (about the mean for the year) as the'mean amount of water
passing, we would have about 160 000 000 cubiec yards per day. Add to
this the movement of the heavier sands and gravel, whieh is constantly
going forward (though at less velocity), both by the movement of sand
bars in the river bed and from cutting away of the banks, and it will be seen
that this river is a powerful exeavatoras well as disintegrator. The Grand
('afion staunds as a notable monument of this. TIn the cuse in hand, the
line, as Luilt, was subjeet to the latter mode of attack, and from the
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great depth to whieh the eutting extendoed (20 to 40 feet), it was found
impracticable to protect the road-hed,

The valley of the Colorado River, for a Tong distanee above the
Needles Cadion, js not more than 12 to 20 feet above the ordinary water
level, il hag been traverseld to its hounds by the river channel, and no
doubt will continue to he so. Tudeed, quite mddiexl eluages are taking
plce yearly,  The greatest lood oeenrs in June, und is nsnadly due to
meting amow in the Bocky Mouwntaing: Dat pises of 3 #6 5 oot nuy ocenr ab
almost any time in the sewson, and wee lable fo come with little or no
wartting, the sonree bering so far distant that they Ao not correspond to
the loeul weather indications in the least. 'The deelivity of the river
trom Fort Mohave to the Neadlos Caiton, aned for @ mile or two into the
caiion, is abont 1,', feet per mile, thongh probably greater below that
point, as the river is qnite narrow where it cuts throngh the Needles
Range,

The volume of the river varies from a minimnm of 5 000 enbie feet
per second to probably 500 001 in extreme high water {elevation 4689.6
to 510,35}, While the Janwer from this was not unforeseen by the Io-at-
ing engineer, Mr. Lewix Kingu, its gravity was not fully appreciated.
The line tinally adopted was snrvoved by hiim in 1830, and the cost was
estimated at $666 220, while the line then built was vstimated at
Fo86 534, making n difforence of £79 666 in favor of the latter The
line riv Red Roek, then designated as the lower crossing ““C.” was
identical with the point of crossing selected by the Kunsas DPacitic engi-
neers in 1867, and also by the Atlantic and Pacifie engineers in 1871,

The exp -rience of the six vears since the completion of the original
line was such as to again force the attention of the management to the
necessity of sowe effeetive remedy, and a joint letter from William B.
Strong, President of the Atchison, Topeka and Santa Fé Railroad Com--
pauy, and E. F. Winslow, Presilent of the St. Louis and San T ranciseo
Railroad Company, was issucd January 30th, 1888, directing A. A.
Robinson and James Dun, Chief Engineers of the respective eompanies,
to examine with regard to what improvement was necessary to put the
line in proper condition.

Leaving out many minor matters relative to the improvement of
bridges, buildings, track, cquipment, ete., we quote from the report
made by these two chief engineers representing the joint ownership of
the road, so much as relates to the question in hand,
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Cororapo vER CRossiNg,

+ Ome of the most serions questions whieh we have to report upon is
the crossing of the Colorado Ttiver, We tind wpon examination, that the
present line is unsafe; that a portion of it is below recent high water
meark, and all of it i subject to the encronelment of the ¢Colorado Hiver,
<o that it will he impossible npon the present line to give vou any
relinhie fignres as to the present or b cost of nuntaining the
present line and bridge, exeept to say that we kuow it will L very
great. '

«Phe estimate for the ehange of line and the maintenanecof the present
orossing, a8 shown on Fxhibit €€, is based on the highest water known,
Trag it is possible that the data arve insaflivient to establish the true high
water murk: in which case there wonld be a eonstaut element of danger
from this sonrce, which is entirely climinated by adopting the lied
Rock Crossing line. During the last six months the viver has en-
eroached upon the line about midway between Powell and the present
bridge, threatening the line for more than a mile. This action of the
river is nndoubtedly only the beginning of the working over of the
bottom into a new chaunel, as is customary with vivers of this class.

+While the expendituve of forty or fifty thonsand dollars at this time
might protect the road during the year 1888, it is more than likely that
the same expense wonld have to be ineurred during 1889, and indefi-
nitely thereafter, with the more than probable danger of having our line
eut in two entircly, and traflic suspended several weeks or months.
Tuder this condition of affairs we see only one remedy, that i, 10
place the evossing of the Colorado River upon a safe and permanent
basis.

“Pwo plans suggest themselves; one of which is to build the line
direetly across the valley, instead of following up the mildle of the
valley as Uiy the present line, and building yonr track upon this bank
from the present bridge to the bluff on the east side of the valley; thence
along the foot of the bluls and connecting with the present line near
Powell. This plan will enable ns to use the present bridge for sowme
time to come, by lengthening it 500 or 600 feet. The road «ould be
built upon this new lovation for about 3160 000,  This, however, wonld
leave us with the river to fight, to maintain the channel underthe present
bridge. This expense of maintaining the channel from year to year
will continue, and would undoubtedly amount to several thousand dol-
lars each vear, In addition to this, the character of the Colorado River
is such that it is almost impossible fo maintain a channel at any fixed
point. The river is a navigable one, and the bridge is built upon a low
grade line, The draw span is not serviceble, because the main channel
of the river passes under the bridge several hundred feet from the
draw. Asn rvesult of this you are paying a stenmnboat compan) now
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blying the river, 8500 per month, beeanse of the obstruetion of the river
by our bridge, nod are unable 1o let hoats pass,  This is a dangerous
situation, and leaves the gate open for any enterprising individnal to
buy an old rotten tub, and dispose of it to audvantage by blaekmailing
the railroad company.  The amount which wo are now puaying this
stermboat conmpany, ey, S0 000 @ yoear, represenis the infevest on
S0 GO0 at 6 per cent, The chanees e, as we have inthmated, the
day is not Fur distant when more will be demandoed,

*Phese considerations have lod ns to the eonclusion that we ean only
sy thit the hest course to pursne is to reconstenet the line for ahout 13
miles, crossing the river on a high grade line at the Lted Rock erossing,
ahout 9 nidles below the Needles Station.  This would put the line for-
ever upon a safe basis and stop the further vxpenditures for protecting
your road-bed and bridges against the river and for damages to naviga-
tion, and, in our jndgment, is the only safe and wise conrse to pursne.

““We eould not, of course, construet this bridge in time for the freshet
of 1888; conscquently, the expense of maintaining your present line
during this season would have to be incurred. What this will hLe noe
person ean tell until the freshet comes.  The work whieh has already
been done, seems to us to have been jndicivusly done. The money
has been well expended, and is all that can be done autil the high water
season «develops what furthier expenditures ave necessary,

“Exhibit *C’ hevewith gives you an estimate of the eost of recon-
structing this 18 miles of rowl and the permancnt bridge, and also the
cost of relmilding and putting in a permanent structnre on the present
bridge site and changing the line from Powell as above indicated,

“We wonld recommenid that in doing this work, the grading e von-
tracted for completion by the Ist of Augunst ; that the contraet for
the bridge be made for delivery on the 1st day of November, and that
the track be laid to the bridge by the middle of September; that
the work upon the masonry for receiving the superstructure he eoni-
pleted on November 1st, and that the bridge be erected and ready for
traftic by January 1st, 1589, 1t is possible that the expenditure might
be delayed. and the interest on the investment saved for threr months
more, but eonsidering the lifhenlties Hable to Le encountered, the dis-
tance of the undertaking from market, and the extreme heat¥ which
prevails in that elhmate, we think the plan shonld be laid as above indi-
cated, to make sure of having the strneture completed in anple time for
the freshets of 1880, Thirteen miles of new steel will be required on
this work.

#Heats; puximum afmespherie 194 degraes Fuhire: of sand, 195 to 145 degrees, aml wvtal
163 degrees: mintwmum atmesphorie, —- b degrees Falire—Rowe,

JoTE—~During the sumnperof 1853 the river envroarhed Lioth above aind helow the hridge,
and with 3 feet neore water, the lne wonhid have been 1oat and the river ehannet woulld Lave
erossed the Hine wbout 5 miles east of the bridge. Lauekily the summer floe] was jess than
usuul: notwithsfunding this, 1he traek wus saved only by an expense of ovar §304 pop tay for
oOVer 8 wonth.—Rowe,
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“We are sorry, indeed, to have to recommend to vou the expenditure
of 80 largo a sum of money. We ave certain, however, that a groat
mistake has been made in Toealing the line upon its present road-hed,
il so we believe that the only conrse now opon for this eompany is to
rectify this mistuked that to continne to maintain the road-led in the
present position will only resuli in loss and disaster, which will .
many times greater thau the work of placing the line upon the proper
location,  Phere is no question whatever in onr minds, hot that this is
the proper eourse to pursue,™

The river hed had been examined systematieally by Lonis Trainoy,
Engzineer of the Southern Pacitie Railroad Company, in 1881, at which
time that company was engaged in building eastward from Mojave. The
maximum depth at midstream to reach rock was made aboubt 80 feet,
and it was assumed that by using a 400-foot span at midstream, the
depth of foundation would not execeed 24 feet.

CoMMENCEMENT oF Surviv,—On July 2d, 1888, the writer received
erders to make & survey and estimate of the proposed line crossing at
Red Rocek, and on the 4th walked over a portion of the line, making 15
miles, aml on reburn to Needles Station at 6 »,31., found the thermometer
standing at 122 degrees Fahr, This is simply mentioned so that the
conditions may be to some degree appreciated by those unaciuainted
with the climate of that locality. The surveys were prosceuted vigor-
ously, and ouly the river soundings vemained to be done; these ouly
awaiting arrival of appliances ordered and the subsidence of the summer
ood, now about passed. On September 14th, in response fo urgent
rejuest from the anagement, the following report was transmitted
through the General Superintendent, A, A. Gaddis:

Precinsany Revorr oF Stevey oF ReEp Rock Lave
“ Anproueroue, N, M., Septemiber 18th, 1866,
A AL Gapns, B
Gocarid Supepiniiclont,

I subinit, in aceordanee with your direcetions, contained in vour letter
of July 24, a report of survey, estimate and map (Plate CXI; of the ro-
posed change of line, and of erossing of the Colorado River at Red Rock,
as recommended by Messrs. Robinson and Bond, in their report sub-
mitted to Presideuts Williara B. Strong and Edward F, Winslow, in
February of the present vear.

The Live.—Commencing at Station 14571 41, a point 2030 fect
west of mile-post 362, or mile 562.6 of the main line of the Atlantie and
Pacitie Radlroad; we run immedintoly across the Saeramento wash,
aud ~apporting on the side hill we reach the river immediately opposite
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to what is known as Red Noek. Crosging the river, we are obliged
to curve at the carlivst Practicable point, to avoid preeipitons hills,
using Y degrecs eirvature, heing the lightest practieable,  Theneg
we rnn up the edge of the river valley, keeping at all points alave
extreme high water ks, and avolding possible attack from e river,
and, at the same time, keeping the vrade Tine sufliciently above the
beds of the washes from the hitls west to disnre the passage of water
iieder the fruek,  We conneet again with the proeseni madn feaek jnst
west of he present bridige, at Station 312 + 8150 ab o distanee Dy
present line from the point of starting of 51 1569 feet, having rin by
the new line 70 1846 feet, miaking an mervense in distaneo Of L0068 niiles.
A preliminary protile is herowith submitiod, showing enrvature ol
grades, hastily Inid, from which to deduee approximate quantitios.

Belore procecding with work the Line should be slightly shift«d jn
several places, and the grades revised. The approximate quantities
given I feel quite sure will be somowhat reduaecd in construetion, Lnt
will serve as a basiy of ostimate. The dosire to save any nnnecossarr
expense and not o delay the transmission of this report impels as to
submit the matter in a less perfoct <tate than is desirable. wt, if not
all the items are intendoed to be above, rather than bedow what the aetizal
cost should be.

Grenlivg.—In estimating the cost of graiding, 1 assnme that 20 eents
per eubie yard for waste and horrow; 26 eonts for exeavation hanled;
G4 cents for Toose, and 31 for solid rovk exeavation, and 1} cents per
cubic yard hanled 100 feot, will be o fair estimate for this work,  Lhe
quantity of solid and loose vock will be small* | u view of the approach
of the favorable season, these figures ean probably be shaded som.what.
Water is convenient and supplies in easy reach, A detailed ~tatement
of quantities is appended,

Lile qind Trostle Bridages,—O wing to the numerous washes making into
the river, partieularly on the west side of the river, the amonnt of nile
bridging will be large, I think there is 1o plaer {case) where piles can-
not bedriven. It will require abont eightx pile bridges, varving from 30
to 345 feet in length, with a mean height of 10 feet in the clear. These I
would estimate at 36 per linear foof.

Loon Brislye at Red Rocle.—It was intended to make full and cave ul
soundings of the river bed at the line of crossing, but as it required at
the present stage of water, expensive eguipment and considerable time,
it was deemed best to rely for preliminary estimate on the soumlings
made by Louis Trainor in 1881. These soundings were made uniler very
favorable circumstances, the river being, at that time, nearly 6 feet lower
than at present.

As the rock in question, on whiel it is proposed to build, is avoleanie
“breceia,” forming a dyke across the river at this particular place, the

*Most of the material to e moved is saud and louiny clay, and iu no case marshy,
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depth is lable to great variation, even in the length of the pier {about
60 feet); and T would advise careful examination by sounding hefore the
Iine js fully estalilished neross the riveyr, A slight shifting may be very
advantageons and save mueh expense.  The river is gradually fulling,
and where & great volume of rapid flowing water was passing two
numths ago, to the depth of 20 feot, is now a mass of sand and mud with
uot over 8 feet of water at the decpest point,

Phiof Bridye, -1 sulanit plans for piers for the ehannel span, which
may prove too Ught. T will examine them lator with reference to this.
They will be exposed to the force of water amd drift only, as there is
no ice in.the Colorado River; but at extreme high water this will be ¢on-
siderable, as the water has at some tinte-—years ago-—attained a depth of
from 50 to 60 feet, and a very high velocity,

Stane foir Masoary. -1 think the Chino stone should be used and the
masonry should be first-class, laid with the best coment. The English
Portland can be bought, T understand, at San Franciseo, for 83,50 per
barrel; adding freight, 50 vents, would deliver it at the Needles for 24,
being about as cheap as domestic cement could be Iaid down at that
point, and it will, T think, be most economieal and give the hest results
for the cost,

After October 1st, on and until the May following, the river will he
low, and I think there will he no serions obstacles to prevent the sinking
of cribs for the two chaunel piers and the erection of the falsework for
raising the bridge.  The work cannot be delayed after the 1st of Octoher
or possibly a month later. From May 1st until about the present time
it is impractieable to undertake such a work,

Relding lo Evection of the Driilge.—1 would advise the building of the
line from the Needles south to the bridge site, as material ean he Jde-
livered on west side of the river more conveniently.

In relation to the 396-foot channel span there might be a saving by
using a shorter span, but the manner iz which the channel shifts would
seem to indieate it as being safer than a shorter span.  From my obser-
vation of the river during high water, I think the span, as locited,
will always cover the main channel.

Swuperstructpe.—By courtesy of the Kevstone Bridee Company T am
able to give their maximum figures for the erection of the superstrue-
ture of the bridge and the iron trestle approaches (Plate CXIIi. The
(uantities given for the masonry are the contents of the piers as shown
by plan. The price assumed at 312 per cubie yard seems hich, but I
doubt whether Chino stone can be put in any cheaper, as it is as hard
and nearly as heavy as granite.

A sketeh for a eaisson is submitted (Plate CXIIT}, showing a section
aeross a pier and manner of weighting it down (Plate CXIV}. My estimate
for 88¢ cubic yards of Leton is for this purpose aud to fill the innerspace
when the pier is completed. As yvou will perccive, this will inerease the

i
i
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base of the pier af least 3 feet on all sides, and olwiate largely the neces-
sity of riprap. I think the weighting in this manner is the best, ag it
strengthens, and at the same time remders the wall of the enisson water-
tight.

ARALING 145 MInes
Erubankiienst, ves cvsnevoene - -2B1 6.8 enbie yards, at 20 efs, 52260 U6

Fvwvidion hiunlod e wan.. TG ¥ * L TR FLELIS I 51
Lo roek exeavidion ... 2HR2T O+ b LI 1 S LI H A
Solid rock exeavation. cemewse B RILL b AL 3| 6 i 40
Froavadion huaded 108 foef, 53 7789 = s " 1y« g2l &0
PO ] vanennnnsnonnavesasrsnanstsatesaseenssnaseveananssaannas 57 285 22

Dile bridges (78) ageregating T 185 lnear feet, at £6 per linear foot .......0e - 43110 00
Masoxry:
Drilie TIRSONTT . cvaaaneren esnnne o4 21T T cuthic yards, af $12, $50 552 7%

Pedestal 1nasonry . ivirrsaneranaes 115,22 ¢ #0415, 1528 30
Coement, E. Pivvisirinnascnnanseesed 103, barrels, o 4, B 400 D0

AT 4 ean e rrencnnnennsnsasssasnssosiassscarsavnssannraneanse 00941 08
T OUSDATIONS:
Cost 0f £WO CRIHS0DS. tarsirrcnransscsnasansrrsnrennscisanvaans S0 520 00
Labor and muchinery sinking fonndation.. . cvvavrensicneees. 10500060

Tahor on oflier piers and abtmenta. e v iaasscenrrnsscan ERLHIREY
False work for bridue (.ueeeivenan. g 500 00
Tl esnernesarvarnanen P - - 24 M0
Beton for filling eribs, 886 cublu yands, af .. iaeiviiinesscnassnscnaccssnaans T 088 vy

BUPERSTRUULTRE!

ome span, $06 feef, at $160 per linear ot ccoicieevssesasenrona  FOF 300 1)

Tweo spang, 195 feet 53] inches, at #5343 per linear fool..icenue. G4 81858

@51 limear feel iron frestle, at F33.6U, . cseeianscccsataniacrssencs 9441 60

FOAE i arernencantonsnancssncssinseansinssen ransnassnsnss 107 620 I8

Enginering and eXigencies oeveviicerasnrsnnnssnrrnracicnen Crervesssessernennasss 13008 0B
Freight on iron, Albuguerque to Needles, 975tons at $3.76. .0 vvvncnnocnn PRI 36816 00
Freight on Chine stone, 3100 tons at 3142, .0 ivisionnsinssrssnrassnoasnennasens 12022 00
Ther add as per report of Messrs, Robinson and Bond—

3 miles new steel rails, B0 POURAS aeiisssssseronsrscnssansnans S16 060 07

9500 new ties, 8t T2C,eccasacnncn eidmmscecntrentraserItEaaT e 4 840 00

Laying and surfacing 13 miles track..esvercecrvrccanses eraeas 18GUG OO

Totalisariessnnsencscnraancsiirnsnnanrsacas Nitvaieesansessees o2 000 00

Grand total, . couriecrecrrrrsnsrincnrrrnanszancins errvenae F40L1 308 48

{Signed) Ssur, M, Rowzx, Resident Engineer,

Following the transmission of the foregoing report, the location of
the line was ecompleted except in the immediate vicinity of the crossing of
the river, and requisitions were made for machinery, boat and eable
necessary to do the sounding ; but in view of the considerable eost of the
applinnces and in the absence of any knowledge whether the work was
likely to proeeed, the local management hesitated to incur the expense,
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henee this part of the work was delayed until orders were received to let
the work. Theonly thing then practieable wasto presume on the corsect-
ness of the Trainor soundings, and so let the work, providing for such
changes ju the hridge strneture as eiveumstanees wonld make neecssary,
Facing the necessity of prompt action, to be able to finigh the bridge he-
fore nest season’ high water (it now being the 20th of November), it was
deeided to employ Waddell and Jenkins, professional men at that kind
of work, and possessing the neeessary appliances, to do the sounding.
Mr. Jenkins of this firm was promptly on the ground and proceeded to
vigorously prosecute the boring. At the first test horing at station
193 4- 75, where it had been planned to locate the west channel piler, it
was found that instead of 22 feet to bed rock, the drill passed with but
little interruption, to a depth of 64 feet. Meantime, the grading was
Iet and well under way and the superstructure and substracture, both
let provisionally ; the former to the Pheenix Bridge Company, the
Iatter to Sooysmith & Co. On making this diseovery, all proceedings
under these contracts were stopped and a thorough examination of the
river bed was arranged for with the contractors for the soundings.
Orders were issued to make a sounding every 50 feet so as to develop
a complete section of the river on the line fixed upon. These soundings
were econpleted January 1st, 1889,

When it became apparent that the Trainer soundings were entirely
narelinble, and while the new conditions were heing developed Ly the
progress of the soundings, various combinations, using various lengths
and numbers of spans, were carefully compared and the cost cstimated ap-
proximately. While the plan seemingly best adapted to all the conditions
of the case—that of two through spans of 405 feet each—did not largely
exceed the cost of the various combinations of shorter spans, vet two
considerations following were regarded as formidable in the opinion of
the writer hereof, who at that time filled a subordinate position with
relation fo this work. In the first place, spans of such unusual length
would be heavy and require a much larger amount of metal, and neces-
sitate the maxzimum amount of masonry, as all the piers would have to
bie built to the grade line nearly SO feet above low water, and to propor-
tionately increased dimensions. This for the reason that the depth from
g.ade to high water was insuflicient to allow either span to be used as
adeck span. In the second place, taking the known history of the
river and the depths to bed rock at the point where the pier at midstream
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would be, it would he subjected to unnsnal stress from the great depth
of wator flowing at the excessive speed of 12 to 14 miles per hour and to
a depth of nearly 100 feet. Thera ix good reason to believe that the
scour at that point hias reached almost to the sarface of the rock and
that this probably ocenrvred in the nowise extreme {loud of IS8t The
rocords of the rainor sonnding of 18RI covininly imdienfod that a stratuwm
of houlders gimilar {fo that fornd in sinking the eaisson at Station
189 4+ 25, dild at that time extond entively across the whele bed of the
stream. By refercnce o Plate CXVI, it will be seen that the Trainer
soundings and those of Jenking conform very nearly, from the cast hank
to n point nearly one-thind of the distance across the river (Stafion
190 + 500,  The Jenking soundings, howevey, fonnd nothing of the kiud
beyond that point, giving plausibility to the eonjecture that the flood of
1834 had remaved 811 beyond the point mentioned. There is nothing
ahove the line of the Jenkins sonndings, cxeept sand and gravel amd o
very few small boulder=. Henee, while these objeetions were not deomed
insuperable, yet it was considered best to survey the whele fiehd before
deeiding., At the time that the chief engineers of the two eompanies
visited the bridge site in February, 1888, the writer being present, sug-
goested that, in view of the formidable character of the stream and the
unecertainty as to fonndation for piers in the river, the eantilever might
be adopted. It was answered, Lhowever, that the eantilever wag an ex-
pensive type of bridge, and if a foundation eould be found at moderate
depth, the truss would be cheaper,

When the Jenkins soundings had progressed so as to not only de-
monstrate the ntter unveliability of those formerly made, bnt also to
indieate that the foundation for at least one pier toward the east shore
could be had at a very moderate depth, the question of the cantilever
immediately reeurred, and singularly enough, Mr. Waddell, agent of the
Pheenix Bridge Company, ¢ame in response {oa teleﬂmm, with a hasty
but quite well digested plan for sueh a bridge (Plate G?-% The span
lengths were fixed and orders telegraphed to Mr. Jenkins to thoronghly
sonnd a pier site at Station 189 4-25. While this was being done, the plan
of the superstructure was made and checked over simulianecusly at
Albuguergue and at Pheenixville, by aid of the telegraph, and on Decen-
ber 29th, 1889, a proposition was received from the Phunix Bridge Com-
pany of a pound price as had been provided in the provisional contract,
just four days after the matter was taken up.
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Nnmerous soundings were made at and about the proposed site, and
by the order of the writer, one eenter boring was pushed duwn so ns to
deterinine, if possible, the character of the rock. This was done and
the depth of the boring into the roek below the surfaee reported at 5
feet.  The rock increased in hardness to sneh an extent as to preveut
further progress with the deill, The depth helow low water did not ex-
eved 14 feet in the borings on the outskirt of the site, or a menn depth
of 12 feet for the fonndation,

The pluns for the substracture were prepared immediately and work
was at once commenced by Seoysmith & Co., under an amended con-
tract, The speecifications were prepared by Consulting Engineer Trof,
3. W. Robinson, of the Olio State Uauiversity, with the assistance of
Drof. J. A. L. Waddell, on the part of the Phenix Company, and by him
aceepied oun the part of that company. The presumption heing that it
would be very diflienlt and expensive, if not impossible, to maintain
the old line through the coming summer of 1889, everything was done
with a purpose to eomplete the bridge by May, or, ab furthest, June, of
that vear,

In this councetion it may be said that the adoption of the cantilever
was justified, even if more costly than the two spans of through trusses
(which it was not, there being nearly $60 000 in its favor), the hed of
the stream being such that no prudent builder would take the risk of main-
taining falsework during the season of high water, iuto whiel the work
must, from the lateness of the time of commencement and the dimen-
sions of the work, probably extend. Although, for causes hereafter stated,
this danger was escaped in 1889, yet in the following vear the wisdom of
the plan was fully vindicated, as will be shown hereinafter. Then again,
when the constantly shifting channel with reference fo navigation, ren-
dered it uncertain where the channel would be during the scason of low
water, one of the two plans became necessary to avoid the beavy demur-
rage by boat owners; that is, either the two through spans or the canti-
lever; and the former is still open to complaint during high water as a
dangerous obstruction in the rapid river. Indeed, complaint was made
to the Secretary of War in April, 1800, about the time the Liridge
was being completed, that the present struecture would obstruct the
navigation of the river; and Major W, H. H. Benyaurd, of the United
States Engincers, was detailed fo investigate. While the report has not
yet been received, Major Benyauurd expressed his convietion to be,
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“that a plan hetter adapted to provide for unohsirneted navigation
coulll hardly be devised.” To still further show the wisdom of the
course taken, it may be here noted that the June rise of 1800, Jdid earry
away the falsework nsed for ercetion of the east anclior arm, although
vory heavy and strongly bnilts happily. however, after the erection had
progressed bevond the point of danger therefrom,

Tn Jannary, 1888, a contract was made with Sooysmith & Co., whose
poenmatic plant was arviving at the site, to build the masewry and the
conerete anchor piers, and to sink one eaisson at Siation 180 - 25, For
the masonry and conerete work ihe prices were not changed, as, while
the amount of masonry as contemplated in the original contract was
very mueh redueed, on the other hand, the amount of conevete work
was eonsiderably incrensed, The caisson, 28 x 573 feet, was built in
place by the aid of the protection of an artificial breakwater, and sinking
commenced. At the same time the contract for the cantilever and the
viaduet approach was closed with the Phenix Bridge Company, and
arrangenients made to prosecute the mannfacture of the metal with the
ntmost speed.

The eantilever, ag planned, was proportioned to eonform to the
grounds, the position and character of which in a great measure governed
the cconomic location of the piers. Dividing the strueture into two
anchor arms of 165 feet cach, and making the cantilever arms of the same
length and the suspended span of even 330 feet, allowed the east anchor
pier to be placed at low water level onsolid rock at the east water edge ;
the wesh main pier, the same at the west water edge; the west anchor pier
at the proper distance back and on a rocky ledge ; and brought the east
main pier on what was then deemed the best and niost westerly lacation
practicable without largely increased expense. It was generally con-
ceded that the excessive length of 330 feet for the suspended span was
not exactly the most cconomie ; this was especially so elaimed 1y Pro-
fessor William H. Burr, Engineer of Construction for the Phenix Bridge
Company. After consideration, it was decided, for reasons abovegiven,
to adhere, however, to this arrangement, in which action Professor Burr
readily concurred.

The following is given from the computations by Consulting Engi-
neer Professor S. W. Robinson, showing that the cbjection to the span
length as being uneconomical, had but little weight as compared to the
cost of sinking to a foundation at greater depth both in and at each
bank of the river.
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“Tor the case that the center suspended truss is 330 feet or 275
feet, vespeetively ; otherwise the same, except to he equally well pro-
portioned for carvying the loads; we find that with the venter span
275 feet, the whoele bridge will weigh less than if it he 330 feet by 18.29
tons of metal, or there will be a less cost of $2 19480 at 6 cents per
poiund.  The prineipal figures run about thus

. W Feet, 273 feet,
Weight eentor trusses withont track or floor

e £ 271,42 18081
Difference—tons. . covetoiiieininierinnnns 90.62
Weight eantilever arms, not melnding track

or Hloor or details common fo both—tons, 402,04 447.00
Difference—tons. oo iiiiiininnnnrn.. 44,06

Maximum moment at one main pier—foot

Bons. L e e, BOT TS 82 49R.8
Per cent. of exeess in anchor arms for 275

feeb center...cviiiirniniiiiiiiinnn.n, 5,72
For ecenter span of 330 ox 275 feet :
Weight of supporting members of anchor

by st i £ 1 1 473.5 205,87
Difference—tons ...vviiirirennineennnne., 27.37
Total advantage for 275 feet center—tons. ., 90.62
Total disadvantage—tons...........viven.. 441.96
Difference in favor of 275 feet center =

(00,62 ~ 72,33 = 18,20) 27.37 ....cu..s. 27.97

72,33 90,627

Then again the question was raised as to the proper distance between
the trusses. While at the time of making the design the same con-
clusion had been arrived at independently Dboth at Abuguerque and
Pheenixville, viz,: to fix this at 25 feet, center to center ; and work
had reached such a state of progress as to render it very expeusive if
not impracticable, to change the design; yvetin view of the great interest
in the work represented by the party vaising the question, it was deter-
rired to submit the matter to some undoubted authority. This was
done with no purpose on the part of the writer {at this time Chief Engi-
neer to change the design, but with the hope of settling the question
to the satisfaction of all coneerned, as to the eorrectness of the coneli-
sions arrived at by the designers, originally. Indeed, with the large
amount of work already done on the superstrueture, and the substruc-
ture also, as well as the question of time of eompletion of the bridge
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and the danger threatening the traflic over the line, by which the loss,
direct and indireet, would amount monthly to w very large sum, the
gquestion of change conld not be entertained.  I'he (uestion was, how-
.ever, settled to the gencral satisfaction of all, affer full consideration.
It is not elaimed that the design is the very best possible, but taking
into consideration the haste with whieh it had to be preparved, and the
many points to he considered, the immense amonnt of computation aml
the amonnt of dranghting and oftice work, it will do eredit to all en-
gaged. The simple, yet effective manner in which the suspended span
is conneeted to the two cantilever arms, the nicety with which all expan-
sion and contraction is provided for, the amplitude offered for Iateral
and transverse bracing, and the simplicity and effeetivencss of the self-
sustaining arrangements during ervection, are some of the points that
could be cited.

The following from William H. Burr, which is pertinent to this ques-
tion, may be given here with propriety, as, while the Professor is con-
neeted in a Husiness way with the Phonix Bridge Company, still his
standing as an authority on this subjeet will hardly be disputed.

“ Abnndant lateral stability is sceured in an ordinary uncontinuous
truss, if the width between centers of truss is taken at /s the span. In
fact, engincers frequently make the extreme distance between truss
centers for long spans Yy the span length ; but I think 5 is a better
limit, as giving greater lateral stability. Now, by 2 caleunlation, which
is needless to give here, it ean be shown that if the suspended span of
a cantilever opening is +% of that opening, then a distance between the
centers of a cantilever truss of tiy of the total opening will give essen-
tially the same stability (lateral} as that possessed by a simple uncon-
tinuous truss of the same length as the total cantilever opening with its
truss separated by a distance equal to #; the span. But 55 x 660 equal
25.7 feet, and our suspended span is one-half of the total opening, thus
permitting the trusses to be a little nearer together, ¢, e., 25 feet, instead
of 25.7. Again, the chord of the cantilever and anchor arms are about
four feet inside measure, making the total width of struecture 29 feet,
and materially enhancing its stability. For all these reasons, I have no
hesitancy in saying that the Red Rock cantilever trusses are amply far
apart.”

The Professor might have added the further fact of the peculiar
form of the Dridge giving less depth of truss than usual at center in-
stead of greater, as is the case with ordinary truss. Wind stress being
the agent feared, it is proper here to say that, while the design was

being made, communication was opencd with Lieutenant W, A, Glass-
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ford, then Superintendent of the United States Signal Serviee for the
Pacitie slope, who reported after examining the records of that depart-
ment thate—

“There is no record of wind so violond as to be charaetervized as a
tornado, except in two eases, and in those the indientions were that they
were rather of the charneter of a sand gale,”

At the bridue site, however, storms of this chiaracter are quite fre-
auent, attaining a velocity of nearly 60 miles per hoar, and fre juently so
strong as to stop work on the erection of the bridge, One oceurring on
the 27th of February, 1890, at which time the west half of the hridge
was approaching completion, with the immense traveler on its long river
arm, went very far to assure all observing the effect of the wind, that the
bridge was stable, For the safety of the traveler it was lashed to the
bridge, but the latter showed hut a slight tremor., Tt had been proposed
to stay the bridge with guy-lines to anchor eribs in the river, hut it was
found unnecessary to do so.  Observation shows that the Arizona or
Southern California wind storms, though severe, move with a steady
flow, with scarcely a Inll for hours at a time, and do not produce those
sudden gusts that are found so destructive farther east. Indeed, what
= known as the tornado or hurrieane, is searcely known west of the
Coutinental Divide, or for several bundred miles eastward. While the
usual provisions werc made for wind stress, still there are less grounds
for anxiety at that point than farther east.

Owing to the greater variation of temperature, nnusual care had to
be taken to provide for expansion and contraction of the metal. The
Iowest atmospheric temperature at that point is 26 degrees Fahr., and
the highest, 125 degrees, making a range of about 100 degrees, causing g
total difference in the length (660 feet) of the span hetween main piers of
avout 53 inches (using co-efficient .00000663 per degree Fahr.). The
bridge resting entirely on the two main piers, with the suspended span
supported from the cantilever arm by four large eye-bars at each end,
and with the lower chord telescoping after erection wedges were removed,
this expansion is provided for, half at each end. At no time under this
range of temperature can any stress be exerted on the main piers, The
expansion on the anchor arms is provided for by a slight rocking
motion of the long anchor bars which turn on the anchor pin at the
bottow of the anchor pier. The possible danger from a eold weld, should
it oceur on these plers, is provided for Ly slightly increasing the size of
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these eve-bars, boyvond that necessary to henr the divect stress of the
Dridge.

While fron Iying in or upon the sand, will absorh heat by exposure
to the diveet rays of the sun fo 165 degroes Fahir, still in the Lridge
strueture, it will not go over 135 to HOdewrees Falie, This will notint
any fignre, us there is an excess of some (over) 4 inehes in {le slotted
chord, Tully meeting sueh exeess. Sand with the thermometer at 120
degrees in the shude, will absorh heat to 140 to 145 degrees, while water
in the river ravely execeds G0 degroees,

Resuming the history of the work: By the 16th day of March,
the work having Dbeen steadily and uninterruptedly pushed, the
grading had been completed to the bridge site at both banks of the
viver; the Chino Quarry had been opened and most of the stone cut
and conveyed to the site; the west anelior and west main pier completed
and the enisson Dbuilt, and the sinking of the same had progressed to the
depth of 8 feet. The metal for the anchorage had been manufretared
and received, and o large port:on of the metal for the bridge had becen
rolled and was in process of manufacture; in short, there was every
assurance that the bridge would be completed in June of 1889, when
an noaespeeted difficulty was encountered.

The eaisson, at the depth then reached, uncovered a portion of the
supposel bed rock, which was fonnd to consist of a compact honlder
bed. Further investigation showed that there were portions of it that
could be penetrated by the drill, showing gravel and sand underneath.
Work on the caisson was immediately suspended and cvery appliance in
reach was used to determine to what depth this extended. Several hioles
were drilled to a depth of 64 feet or thereabouts, below low water, all in-
dicating a thickness of 8 to 4 feet in this bed of boulders, with nearly
20 feet of wha  eemed to be mainly sand and gravel, and with boulders
frequently encountered, but of too unstable a character to depend upon
for the foundation of the pier. Below this to 64 feet was found gnite
compact, vet of the same general character. After repeated trials with
the drills (2-inch) then used, nothing beyond the 64 feet conld be pene-
trated; even with 3-ineh easing with tools of the same size, but a foot ox
two more eould be made. Thus it beeame evident that a mueh stronger
caisson, sunk to a mueh greater depth, would be necessary, involving an
additional expenditure of at least $100 000. The question of change of
design could hardly be entertained for a moment, yet, in view of such a
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large addition to the cost, it was deemed Dest o af onee refer the matter
to the mansgement it New York and Boston.

The facts in relabion to the sonndings, on which the design was
founded, will he given more at length hereafter, not to fix blame on any
par ¢ eonnected with the work, bat to scrve asa lesson for the futnre, It
an_ mistuke was nuede Deyond what might be due to the huste in which
the work was done and to the unusual eirenmstanees of the case or tn
the conditions there existing, the writer is not aware of it.  Heavier and
more perfect tools and appliances in the fivst place, wonld have gone
very far to avoid the failure. These were afterwards nused and the true
bed rock was reached after penctrating 20 feet of large, smooth and very
hard boulders, a result not often accomplishel.

Meantime, work on the caisson and on the metal of the superstrueture
was immediately suspended, and by request of Presidents . F. Wins-
low and William B. Strong, on behalf of the St. Louisand San Franeisco,
and Atchison, Topcka and Santa ¥Fé Railroads, joint owners, it was ar-
ranged to have the matter investigated by A. A. Robinson, Seecond Viees
President, and James Dun, Chicf Engincer. These gentlemen proceeded
at onee to examine the eondition of the matter, reporting {a copy of which
report is hiere inserted):

“ ALBUGUERQUE, N, M, March 24th, 1889,
E. F. Wixsnow, President,
St Lonis aud San Francisco Raitrond Company.
Winpiay B, Stroxe, President,
Alelison, Topeka and Santa F¢ Railroad Company.

“ GExTLEMEN,—We have madea careful examination of the site of the
proposed bridge across the Colorado River at the Needles, and of all the
data in the oftice of the Chief Engineer of the Atlantic and Pacific Bajl-
road Company, going over the estimate of cost of the various plans that
have heen proposed ; with the result that we, without hesitation, agreed
that the best and most economieal conrse to pursue is to _ake no change
in the plan of erossing, exeept to provide a larger and stronger caisson
on which to found the cast pier, and sink it to the depth of 70 feet, with a
Possibility of having to go fo a maximum depth of 80 fect below low
water., We are both of the opinion that it would not be safe to sink the
eaisson to a less depth.

* The soundings that have been made tliis season show thatthe boulders
found above this depth are in nests of very limited dimensions and that

Nore,—Conflrmatory of this deep sconr, it may be moentiened that about June 1st, 1880,
shortly atfer the new bridge weas opened to traffie, one pice of tue old bridge went out, {hrow.
ing two xpans into the viver, When it i3 eousidersd that the vier in guestion had a pile
foundation to adepth of 36 to 54 fect below water, # will e seen that the possibility of scour
to great sdepth ig fully demonstrated.— Rawe,
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they arc of comparatively small size, varying from 6 to 24 inches in diam-
eter; neither do these colleetions of boulders appear to be stable. We
have cxamined the records of soundings made af this same place (point)
for the Sonthern Pacifie Company by Mr. Trainor in 1881, Mo was en-
gaged for a month in making the sonndings and lias left full records of
the same, and evidently intended to make thorough search for the bed
yoek and thought Tie had reached it. We ean only aesount for the wide
diserepaney between the soundings medde by him and those recently
made, on the supposition that the bed of boulders which Mr. Trainor
fonnd aud reported to be bed rock, was seonred out by the exceptionad
flood of 1884, and that fine sand and gravel replaced them. The com-
paratively small size of the boulders fonnd in thecaisson of the east pier
shows vonclusively that they are shifted about from one point to another
at the eaprice of the eurrent, and that the fine sand and gravel in which
they are imbedded, affords no reliable foundation.

s We have made as close and reliable estimates as the information at
hand justifies of the cost of the three plans, which seemed best to
meet the new condition of affairs.

“ First.—A cantilever span of 830 feet, the piers of which wonld rest
on the roek, which is exposed on hoth sides of the river.

o Seeonid.—Two spans of 415 feet ec.ch, resting on a pier midstream (and
piers on rock on each shore).

e Phimd.—To adhere to the prosent plan of a eantilever span of 660
feet, with the exception of sinking a Jarger and stronger eaisson 30 = 60
fect outside dimensions, to a depth of not less than 70 feet helow low
water.

+¢The comparative eost of the three plans resulted in favor of plan
No. 3, aside from damage claimed by the bridge company owing to the
change of plan of the structure. This damage, the bridge company esti-
mate, would be about $£50 000, which renders the consideration of any
other plan than No. 3 inadmissible. It is almost certain that the high
water will oceur by the 15th of May, and thereis not sufficient time to pro-
cnre the additional material and sink the caisson in the short interval re-
maining. We therefore recommend that the contract on the anchorage
piers be allowed to proceeil, as the stone is all quarried and nearly all
cut, while the foree and plant to do this part of the work are nowon the
ground and eould not be brought back without an increase in expense.
Axn extension of the time for completing the superstructure should be
made until Mareh 1st, 1890.

«The additional material for the eaisson should be delivered in Sep-
tember, 1889, so that it could be framed in that month and the work of
sinking be started by October 1st, 1889, We find that an agreement has
heen reached with Soovsmith & Co., for adjusting the value of the work
performed by them to date, on the eaisson which it is necessary to
abandon. 'The sum agreed npon is 24 000, which we Delieve to be fair

'
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and just. The grading for the new line is ecompleted with the exception
of onerock cut at the west approach of the bridge.  Abont two-thirds of
the pile bridging is completed, the track being earried over on temporary
cribis on the remainder. The track is laid and surfaced for the cntire
distance, excopt at the site of the bridge and through the eut above
mentionml,  Themasonry for the west pier is eompleted and the fonnda-
tion for the anchorage piors ready for the conereto.  Nearly all the stone
is gquarried and cul for the masonry, Al the work which has been done
is lirst-elnys in every respeet, particularly so as regards the masonry.,
“The following estimate of cost of the bridge and road when com-
pleted is submitted, whieh we believe will be found to be in excess of
actual results, viz.;
Engineering, ete . .viviiiiraniiiararainasaae 525 000
Grading .. .iiiveneniinncnrreniriiinsnrerenaanas 84000
Pi}l‘» 1]1‘i(1ginggcntst‘nacnn|1’4!1t;t...5----t--tt¢ ‘:LS ﬂﬁg
Steel rails. co.oioievniian oot eneemaiaieienas 127100
Gl‘OSH-tIES..-.,.'.;.c.u.--.... “a B E EEE S TR EI R ALK ON ]3 1(}()
Track fastenings...oooieiiiainnia i iirae.s 6000
Track Iaying . covneinnnniinrsarsessnssannanaane 12000
Masonry and foundation of west pier completed... 14 700
Lioss on abandoned caisson, east pier......... ... 24000
Cost of new eaisson, east pier, and sinking same.. 108 0UG
Costof east pler....ovviiviiirinnccnnneneneees.. 18600
Cost of anchorage piers....voeevir v cvavae.... 83 600
Cost of superstriueture, ineluding ivon trestle ap-
Proaches. coviiaiiii it rinirenianseseeaaaas 210000
Cost of bridgefloor. ... viiniiiiiiienienncca. G300
Allowance for freight charges on Aflantie and
Pacifieline. .. oviniiincanve e, cesseaaa.. 15000

b e Y g - [ T Lt (1)

“In the ahove estimate it is assumed that the 10 miles of steel rails and
fastenings on the present line will he credited to the new line, but no
allowance has been made for salvage on cross-ties and Vrilges on the
present line hetween Powell and the Needles. Attention is called to the
high estimate of cost of the eaisson for the east pier, and we would not
advise contracting it for this sum, believing that, if put down at cost
and a percentage {the latter limited to 312 000}, the actnal cost would be
at least 10 per cent. below the estimate for this item. DBut desiring to
cover all possible contingencies, we have deemed it DLest to make an
allowance sure to cover the same. All of whieh is respectfully sub-
mitted.

(Signed) Janes Dux,
Chief Engincer,
St. Lowis and Sai Fraeeisco Railroad.
(Signed) A. A, Ropixsox,
Chief Fngineer,
Atehison, Topeka and Sanla Fé Ruilroad.”

ekt
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Formal notiec was sent hy wire notifying the Pluenix Bridge Com-
pauy to suspend work on the metal of the superstrueture on the 16th of
Murch, and on the 19th the writer received j nstructions, as indieated in
this report, with further direction to detormine the aetual depth to rock
at the caisson site. 'The contracts with the respectivo contracting firms
having been moditied {0 mect the changed conditions, and the first
eaisson broken ap and removed to avoid its beings buried and forming an
obstucle to further progress of the work, the work was suspendaed so far
as referred to the Lridee,

It is proper to review the question of soundings here, as this experi-
ence by which the whole progress of the work was stopped and the eom-
pletion of the bridge was delayed for nearly a year with the cost of
maintaining the old line in the valley, impresses itself as one of the frst
importance. Going back to the time of making the design, while the
soundings at the pier site were being made and abont to be completed,
the following instruetions were telegraphed to Mr., Jenkins on the #5th
day of December, 1888:

“ Kindly arrange to have hnales drilled to eonsiderable depths, both
on the site at Station 169 - 25 and the site at west edge of river 194 4-90
to sce if any soft material interposes.”

On December 20th, Mr. Jonkins reports as follows:

“* Herewith we hand you records of soundings made at Red Boek
crossing; also profile of soundings at Station 189 - 25. In making these
soundings we have becn earciul to report only what experience has tanght
us is the true “ hed rock,” or the proper foundation upon which to build,
but as you well know, there is always room for variation in reporting
soundings where the material composing the bed of the river is sovaried
in character as in the present case. On the west side bottom we are
positively sure that the bed rock is of the same character as that seen
outcropping near the water’s edge, viz.: red breceia, very compact and
hard, on the east side {i. e., east half of river bed—URowe) the bed rock is
more irregular and not so readily distinguished, but is no doubt com-
posed of two varieties of the conerete, the softer overlaying the harder
stratum. We would recommend, therefore, for a pier say, at Station 189
=25, that the excavation be made through the upper stratum of conerete
to the lower or harder material in order to obtain a proper or safe support-
ing power. Although but few boulders were encountered in sounding
(and those small ones and principally on the east side}, it isalways advis-
able to provide a special clause in the specification for boulders, particu-
larly if pnenmatic caissons are to be used in the construetion of the pier
foundation,”
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The following is Mr. Jenking’ record of the test drill at the pier site
1 question, souwding No. 23 at Station 189 -}- 25 in accordance with the
telegraphice orders just noted :
Boring No. 23 at center Station 180 J-25:

A70.64  Elevation of water surfice.
.00 Water,

6764 Surfivee of sand,
6. 14

461,45 Gravel (or drifty, boulders and sand,
0.61

460.84 Surface of breceia, red in color, hard and compact,
5.63  but easily broken up with deill.

455.21 Hard stratum of solid substance, probably * bree-

cia” of same eharacter as eastern shore.

2.50  to bed rock—15.43 to harder stratum.

The tools used by Mr. Jenkins consisted of a 1j-ineh drill, or what
is fermed the *¢jet drill,” working in a 1}-inch easing, for which ordi-
nary wrought-iron pipe is often used. Steel pipe, however, was pro-
vided as Being stronger. The drill rod was made of three-gquarter-ineh
pipe, and the jet was furnished Ly a double lever hand foree pamyp,
This outfit heing light, was well adapted to use in the river by aid of
a light flat-boat, anchored at the desired spot, and was found to pene-
trate compact gravel readily, even passing directly through boulders of
1: feet diamecter. TUsually, however, it would either shift or turn the
rock aside, or, owing to the elasticity of the casing, deflect to the most
yielding side and so pass omn,

Immediately on the discovery of the difficulty at the caisson site,
heavier tools were made, 2 and 3-inch, and pending the deeision as to
what course would be deecided upon, several holes were pushed down in
and about the site. It was found that, while diffieult to penetrate the
first bed of boulders which were laid bare in the eaisson, vet some lLiours
of persistent labor would accompdish this, and the drill would proceed
with litile further difficulty until the depth of 64 feet was reached
{elevation 406.00), when in every case the work would stop, either from
breakage of the tools by long and persistent pounding or by the collapse
of the casing.

In June following, heavier tools of much the same character were pro-

»
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eured and placed npon a flat-Doat ; & No. 6 steam foree pump, and an
engine to run the machinery, were provided.  'The 8-inch tools were first
used to the depth of 64 feet, bofore venched, The easing nsed was stroue
B-inch wronght ivon pipe, arnsed with n steel shoe to strengthen the vnd
coming in coninet with the work. Beyond this, howoever, progress was
very slow and diflienlt ; honlders were eneonntored of CVery move, mnd
it is presmmed, were in most enses ent throwgh or oken, as they wepe
imbedded in comypret gravel comented futoa mass by u silicions cement,
preventing any movemend to allow the s fo pass,  When the easing
coull no longer be deiven, the B-ineh tools would be Iaid aside :ind a
2-inch easing and deill would be introduced Inside of the S-inch easing,
This wonld be driven forward a foot or twe until either the touls or the
Z-ineh easing wonld collapse ; then withdrawing the 2-inch easing and
touls, the 3-ine! wonld be again resorted to. Thus foot Ly foot wonld
be gained. The 2-ineh easing, when withdrawn, would somewhat re-
semble the letfer < §,” becoming so distorted as to prevent the moves
ment of the dwill rod in it DPuring the whole progress from the frst
sand bed to the houlder bed, the jet would throw out a coustunt stream
of ¢lear, river washed sand, from which the cuttings of the drill were
diftienlt to distinguish.

When, however, the boulder bod was enteved, the enttings beeam,
more plentiful, amd the character of cach stone passed throngh was as
well indicated, almost, as if the bonlder conld be seen. Iare quartz,
gneiss, porphyry, trap and the varions types of voleanie rock and some
very fair specimens of natural conerete were among the exposures note
at the time that this formation was afterward reached in sinking the .-ais-
son, bits of partly siliciureted wood were found above, on or near the
boulder bed, which would indicate somewhat the great lengtlh of time
this formation has cccupied its present pesition).

Finally, on reaching $0.7 feet in depth, the sand thrown by the jet
changed, or rather hecame highiy eolored and reduced in mantity, and
then finally ceased, and well identifiod cuttings of the red breceia wers
obtained, identical with that outeropping on either shore. Thus, the
first test hiole was located at the 189 + 08, and 18 feet south of the center
line of the bridge, Another was put down at the 189 4 30, about the
same distance from the center line on the opposite side, of which it is
unnecessary to say anything except that the same formation was reached,
at -’ foot less depth ; otherwise the history does not materially differ.
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In each case the badl roek was penctrated about 1 foof, Tn both
the casing wis <o contorted by its encounter with barge bowhl o=,
as to prevent Tarvther progress without mndue exponse. hwdewd, fhe
formation was so thoroughly identified as to render it HHBCCCSSITY,
especindly as the character of the naterial below e clevation {013,
as developed by all the borings, foremd the convietion b i owonthd
be very difiealt, if not impossible, to sink o eaisson helow $hat peint,
There wre the best of reasons for believing that a caisson snnk half the
distance, or to the elovation of 436, wonld live feen entircly secure, us
from that «levation, the bonlders were fonrd so numerons and so eom-
pactly embedded in cemented gravel, that it was highly improbable
that the river would ever, in the lifetim: of the bridge, come to that
depth at that point,

The lesson tanght may Lo of value in the fnfure and in this connee-
tion every hint should be heeded and every event seanned.  The faet
nentioned by Mr. Jenkins as to the change of character in what was
sipposed to be bed rock, from that well identitieod on the wost half of
river bed and that found on the castward, it ean be seen should have
cast suspicion on the conclasion drawn, as well as the very moderate
deptl, at a point o «distant from the east shore.  Awain, the confor-
mation of the river, by close examination of the vieinity of the bridge,
as well as the charaeter of its drift, shoull have inidlicated the prabable
preszace of the uceunmulation of drift; while the conformation tor a mile
or two above would have sufficiently indicated its anelent character.
By examining the map of the bridge site, it will be readilv understood
that the tendency of the channel is westwari at that point, while the
rock bound bank on the west side of river for a mile or more above, -
with the further influence of a large cafion entering the river above
the head of the Needles Cafion on the same side, with its freqnent
discharge of drif: including boulders of eonsiderable sizz, tend to
crawd the river channel eastward. The deep scour of the river must
occur at time of extreme flood, at which time its course is most in enn-
formity with that indicated on the map, and it is hardly possible that it
should attack the pier site,

The soundings in the Colorado River were unusually diffieult, both
in conseqnence of the great depth, and the Leavy, course character of the
drift, to which were io be added the evanescent character of its quick-
sands and the violeuce of its current. Irom all those combined with
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the haste in which the work was prosecuted, it is only srprizing that
more mistakes dil not yvesult, 1ad fhe suggrestion made wt the time
of making the preliminary voport been followed, time sl money
worhd have bheen soad, as woll aw mueh embarrassment,  The enginecr
st know what the conditions are before he oo il iy plan or proceed
with the erection of @ srnetnre of this kind wiih any degree of safety
or eredit. Tnoany similar case Lavger and heavior applienees st than
those last nsed wonkd be safer, particularly when boulder beds are
apprehended, as < woll nien ™ all know the faet {lud a formation of that
churacter is the most dittieult of all to penctrate.

For the benefit of others in the future, it is here stated that it was
found that a water pressure of 18 to 20 poumds on the jet was the best :
a heavier pressure would raise gravel and fragments of rock to sueh ex-
tent as to impede the free stroke of the drill rod.  With softer rook,
perbaps a less pressure wonld be necessary.  The sands as well as the
rocks in the Colorade River are nearly 15 per cent. greater in specific
gravity thau those of o*her localities farther east.  And farther it may
be said, that in work of this character, extreme care nust be taken to
not overstrain the tools, thus ineurring breakage or disconnection of
the drill rod conpling. Tt was found that by elanging drills and
reconnecting the rods every five hours, work conld be safely aud steadily
prosecuted, while any disrecard of this precantion wonld result in a job
of fishine, the uature of which every experienced drill man will
appreciate,

The result as above having been attained in J uly, 1889, the material for
the caisson was ordered and received, so that in the latter half of Septem-
ber, the work was again resuwed; the tramway {Plate CXVII) by which
the caisson site was reached was partially rebuilt, about 200 feet having
been swept out iy the high water of June; 20 feet depth of the river bed
having been swept out and again replaced, as the river subsided. On
November 21st, air was pat onto the eaisson and kept on coutinuously
until February 11th, when the filling of the caiscon was completed, rest-
ing on the houlder bed at elevation of 409.00, The sinking progressed
steadily from the first, and the corners did not get out of place to ex-
ceed 4 or J inches either longitndinally or laterally, during the whole
progress of sinking. The material proved even harder and morve firn in
character than was inferred from the boring. Owing to the nnvielding
charaeter of the material survonnding the eaisson, comparatively a small
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amonnt of exeavation was mude beyond its area, ‘Ilie vitisson, a play of
which is shown in the photograph [Plate CXVITT), was careinlly and
strongly built, and measurements made at the tinuwe of seatling, showoed
that it had borne (he s rain with seareely any distortion.  The table
appended gives g listory of the progress in sinking,

To determine iy advance just when to step the erib and conmenee
the footing coneses of the pier, wus very diflieult, Tn opder fo rencly
elovation tog reqiired that g bortion of the pior shouhl be hailt, ag
the great distanee through which the eaisson had alrendy sunk througl
rougl, unyielding material caused great frietion on the sides of the
erib, and made it neeessary to withdraw almost op fquite all the air
bressure to move it Tt wag decided to stop the crib at a Ledght that
would put it about 4 feet below low ater, xo that the tiuher would
not bie exposed; but at the same time, to erowd the caissou down fo 4046
or possibly 2 feet more to 44, To do this, it was fonnd neecessary o
put on all the footing eourses and ahout uvne-Lalf of #,. neat pier, and
afterward Jay temporarily two additional courses, ,N:iptwithstanding
this, the caisson fajled to settle bevond 409, Ater repeated trinls to
eause it todo so, and aftep making a thoroneh examination of the fonnda-
tion, it was deeided to excavate from 2 ¢, 2} feet ul wound ander the
cutting edge, which conld readily he done, the wall stunding Perfectls
firm, and follow with the beton in sucks until it veached the eutting
edgze at every point, which was done. The center was then exeas ated
and sealed, followed by filling the working chamber. The caisson was
already about 5 feet into the boulder formation at the northeuast, 3 feet
at the northwest, 2 feet on the southeast, and doun to it on the south-
west corner, indicating that its surface sloped to the southwest, The
execavation made and replaced with “beton ™ fully reached the firm
foundation at al} points, and over the whole extent of the ehamber,
The boulders formed the greater mass of the underlyving stratum and
were bedded compietly, so that in excavating, each separate stone had
to be picked or pried loose, While the chamher was being sealed there
Wwas a steady daily subsidence of the eaisson of albiout .05 feet, but when
the heton reached the cutting edge, this ceased and no further settling
oceurred up to the tHime of completion of the byi] ge.  This movement was
utilized to right » slight it of the pier to the west by sealing that <ide
first. The slight remaining it was takey ont in the subsegnent FOUTSeS
of masonry and the pier finished systematically, althouels slightly lnreey
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than designed. Tt might have been possible to spend a laraer s
of money in frying to foree the eajsson lower, Tk the anthor doibts i1
it was possible to 0o so, and no good eml would have heen sithseryd,
The top of 1he erib is about ab the level of exireme low witer,

Of the material usel, eneh part will he freaded i its tuen., A record
of the progress of the work of sinking the enfsson is given in Appemlix
AT The timbor nsed for the caisson wnl il vonsisted mainly of
what was fermed Chegon pine (vellow 1), viost esecllent Timhber,
strong ind firm, thongh somewhat coarse prained, which weighed 05 to
40 pounds per enbie foot when well dried.  'The sumonut nsed in fhe dif.
ferent parts was about as follows:

Cubip Foot, Boand
Tret, Measire,
Working clumber, ineluding 8 inches inside
easing. .. ... ... TTrreresreseaiiivaiaena.. BRSO = &2 500
Roof, 8 feet thick e RTINS o=t} SR, L TY]
Crih, including 3 inches casing outside ...... 20 0715 = ) KA

P

Making total amount of timber fneaty. . 0 390485 = 479 510
Tron holts, stay and drift and stool spikes 29 tons == 58 000 pounds,
Conerete (boton) put into criby, 4T.7 ¢nbie yards

per running foot ... L] -+ 2200 cubic yards,

Concrete {beton) put into working chamber. ... 580 £
T{)tzll..........,....,.....,........:‘!HTG “

weight at 4 050 pounds per enbie yard, saturatedd,

Timber at 83 pounds will absorh water to nearly 80 per cent., so fhat
the timber at 85 pounds when dry, and absorbing 80 per cent, (== 8 x 33
== 28}, will weigh 35 -~ 98 -. @3 pounds per eubie foot, or have about
the same weight as water. They taking the caisson at the time it
stopped we have, 10 800 square feet of surface on which the pressure
of the material outside tended to produce frietion; the excess of the
weight of the eoncrete in the crib over the displacement of the water,
which, being 101 208 eubie feet, at 621 pounds per cubie foo:, weivhed
8 162 tons. At this time there were also 125 cubie vards of WASONTY on
the crib, equal to about S00 tons. Therefors, we Lave—

2 290 cubic yards of beton iu crily — ceseveaaaod 637,25 net tons,
125 cubie yards of e T 1 Y 01 | R

Total&éill) i
Resisting this is the uplift of the water......,..3 162,600

Leaving the downward pressave of.o.o.., L, L, 2070095«
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cqual fo abont 420 pounds per square foot when the air pressure
is entively oftf.. When the air was on af 27 ponnds per synare inch, this
temeleney downward was entirely overcome,  The air was endively and
repesitedly removed toward the elose, and mneh of the swrronnding
material drawn,  In ordinary sand and gravel the eadsson eould have
heen pushed to any depth desived, Tt is presumed that bondders were
erowiding hetween the pier walls of the exeasation and the sides of the
eribh o sueh oxtent as to sastain i, notwithstanding the swdden reloase
of the air, caising the sudden application of the 2 000 tons as before
atated,

The whole resistance was below the elevation of 440,00, where the
nuterial was all of hard, firm eravel and boulders.  The following will
give much information as to the relative cost of sinking, tuking labor
roll alone: '

Novemboer, 10 days, toial roll...... 32410 72 Bepth made 308 fect, e coxt pep
day Fuilis, per vertiend fook., .. F000
Becenbur, 31 days, totud roll ool 106026 05 Depth nwdde 205358 08, nasm eost pop

day 2342, per vertical foot, ... 424 83
Jaumary, 31 daya, tolul vl o, 16710 50 Prepth made .S foet, niedh cost per

-f

S

day FHERE, pov overtieal od L. Ty i
L7530 05 Filling eluunber 11.5 feet, meun eost
por day F341, per vertical foot,, . J3 wi

Febrenary, 11 days, totad voll, ..., 3

The less amount of cost per foot for January was owing to the use of
the air pressure for raising mueh of the material during that month.
The pressure used reached 27 pounds, which was maintained during the
time of filling the working chamber, The air plant consisted of three
compressors, two of which were double exlinders 16 x 2{ inches, and
one 12 x 18 inches, Two were used while exeavating and one held in
reserve.  These were driven by two 75 horse-power boilers and one of
80 horse-power. The whole air-plant was placed on a boat 24 x 60 fect,
built for the purpose (Plate CXIX), and all hounsed in to proteet it from
the sand storms. TFuel (coal; was unloaded from the ear in reach of the
compressor. Water was drawn from the river, and settled in a sub-
merged flat boat as far as possible, but was always bad, being destrue-
tire to the boiler flues and causing mueh tronble. The 25th day of
Tebruary saw the substructure complete and the west half of the super-
structure nearing the center point of the bridge (I"late CXXj,

The stone used in the piers, coping and bridge seat< was obtained at
the Clitno quarey, about 140 miles east of the bridge site, in Arizona,

e eost of the last ford o bwo o siudibes was pearly £2 5o per foot,
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wheve there is an oxtensive ledge. The color of this stone iy a lght,
clear, cherry color, free from stain, and, laying as it does in thick Tedges,
it can be quarried of almost any size shpe desived, Tt is g compact
sindstone, very hard and strong, homogencons iy textnre, weigghing
about 160 pounds per enbie toot (1220 pownds per eubie yard), and
citbbing o little ousier than granite. A Lloek of the stote 3 x By 6 inichoes
wis fried hy P2pof, Waddell, at Kansas City, and reniained unhroken
after being sulijoeied to 12 000 Porinds per sguaee inel (the extent of the
eapacity of the pressl. In the ey the conrses ran from 240 inchesto
6 fect, but owing to its homogencity the stoue ean be split into any «i-
mension or shapes dosiped. In constructing the two main Piers many of
the headers overlapped at the center of the pier where the pier was 13
feet thick, and some of the stretehers show 9 feet in length on the face
of the pier. The e nivses varied from 26 down to I8 inches in thickness,
with coping 22 inehes, The main seats for the fonr pedestals earrving
the whole weight of the bridge are 9 foct square and 23 feet thick, made
np, however, of four seetions each, It was fipst designed to use stones
of full size, but in consideration of the exeessive cost and diflienlty of
handling and placing, withont mucl heavier applinnces than were at

hand, it was decided to use the Tatter,
Pounds,

Theanchor arm ineluding Hoop weichs 593 900 Then as there are
y n 3 2l ‘

The eantilever arm, including  toor, {  two seats on egel)
“mgh‘s, 612100 LSS 550 ]
The two bridge seats, Pedestals and P per BT

pI(IS 79 850 |

1971 775 pounds on
each seat. Iach
seat T x T feet ==

The suspended span, one-half inelud- {7036 square inch-

ing reaction of anchor............ @38 o es, and 1476 775
Live Ioad on all at 2 o0 pounds per - ' 7056
lineal foot....... Treeeenieneaa... 1980 i) Pounds = 979 4

pounds per square
ineh, ora little over
i of the nltimate
< erushing load.

D T ——

Making a totai weight in pounds. 3 943 350

T e

The two main piers Plate CXXI) and the abutment and pedestals
supporting the viadnpet were huilt of this sandstone, as well as the
coping of the two anchor piers,

The anchor piers {Plate CXXT} were Imilt of beton, the specifications
for which will be fonud in the Appendix . The west anchor pier was
built with hand mixed beton, as well as the foundation for the cast anchor
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picr and the west main pier. At the resumption of work in Octoher, 1889,
however, & mixing machine run hy steam and having a eapacity of 150
enbie yards in ten hours, was nsed, not only ceronomizing in lahor, hut
siving better work,  The Gillingham English Portland eement was nsed
atd the specifications varied somewhat,  The conerete for the enst anclior
pier, caisson erib and working eluunber were provided with 4 composi-
tion n= follows ;. The mixer being arranged with earriers to measire
each ingrediont, was arpanged thns : FPour enps ecnient, thivteen cups
sand, and sisteen enps broken stone, carricd up and discharged into
the trough of the machine. A minimum of water was disvharge.l into
the sand and cement so that they became mixed hefore receiving the
hroken stone. The water was so gauge.l that itshould not appear when
the conercte was placed in the work and well tamped. The concrete
way discharged into wheolbarrows or one-third yard fron huckets and
conveved to the work,  Meantime, a quantity of one-man sbime was Jdis-
fributed over the work to an amount of perhaps one-halt of the mmount
of the voncrete, and the Iatter driven around, between and over the
stone. Tt wasreyuired that the broken stone shoulld he well wetted be-
fore fecding into the maeline, as well as the stone used in the work, so
thnt thorongh eontaet with the mortar shonld be seenved. Tt was also
vequired that eacl course in the pier should be well wetted after the
tampers had gone aver each portion of the work, io the end that all
ernmbs of mortar or dust should be smoothed down, aund a clean surface
ghonld be seeured, to give mouve perfect bond fo the subsejuent course.
To prevent possibility of the feed of ecement being interrupted, an in-
spector was placed at the machine to guard against this as well as to
govern the amount of water used.

So importint is this, and the frequency that it will oceur, that it
would be well tosoarrange the feeding hopper, especially of the cement,
that it would feel itself from a hopper holding a consilerable guautity.
The importance of having the proper amount of water and no more,
will be understood when it is considered that to the packing quality of
the conerete, its superior strength as a beton is due, as well ax ify less
tendeney fo shrink. It is well known that, if well packed, perfect ad-
Lesion to the stone with which it comes in eontaet will be secured. If
imperfeetly packed from having too much water, it will shrink and break
its boud. In the main piers the soue eonerete mixture with a slightly

Targer allowanee of cement, omitiing the “onc.man™ stone, was useds
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First laxing the face stones of the course and filling and ranting fhe
Tace seams with mortar; the backing was all so Inid as to leave room for
ramming hetween ; then the Proper quamiily of conerete wis mixed and
it was so deposited as to seenre thorongh packinge, in severl COHPSOS,
until the whole eonrse was Teveled P 3 ot forgetting o tiest wet all the
stone with asprinklineg pot. 1t is not doubted that the pier will have
all the stability of o mouolith: the course pursued is mueh preferabile
to the practico of using sdrowned wortar and spawls, and the conerefe
will Tus Jess Hikely to sepavide than even well joinfed solid eonpses,

The cement, of which nearly six thonsand harrels were nsed, was
tested by taking numerons hriguettes from the guantitios mixed by hawd,
and by the wachine, and were found so uniformly good that the only
precantion used was to break the briqucttes from severale barrcls
together, thus avolding the bad effvet from an oceasional Darrel that

might fall below the staudard, At a time before commencing the work, |

enongh tests of neat ecement were made fo indieate o surprising uni-
formity in this brand. The test was usually made on ten or twelve
briguettes cach day, taken from the machine and allowed to dry in o
shaded place twenty-four lionrs ; then immersed in water for the same
eriod, awd then bumediately broken, The testing machine was the
** Fairbanks,™” and the briquettes gave a teusile strength from 160 (exeep-
tional) to 225 pounds per square ineh, a mean of pearly 220 ponads,
Samples kept thirty days gave over twice that wmount (410 pounds
mean}: some gave over300 pounds. 1t was ear] ¥ found that the strength
was governed largely by the character of the saud.  No drift {wind)
sand was used, as it was found to give very low tensile strength, but a
bed of clean, watcr-washed sand was found convenient, baving quantities
of fine gravel intermived, and later, alarge bed of coarse sand in the
bluff east of the river, so well adapted to the work =s to justify its ship-
ment around nearly 30 mileg, to use in the caisson.  Particular attention
is called to this sand as worthy of shipxent a long distance, for publie
buildings and other important work, A comparison of tests shows that
this sand gives 80 per cent. excess of strength over good river sand {b25
pounds at tIiirtgr days].

The broken stone was at frst supplied from the ddbris of the
Chino Quarry and from the voleanic rock found in the vicinity of the
bridge, but it was found that the broken voleanie rock with whiclh the
“ mesas ” were strewn, eould be collected at less cost, and being of the
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samo characior, was substituted ju the cuisson work al a4 saving of
neariyv 81 per enbie yard,  The proecss ol eathering was to rake these
fragments of stone into windrows and hunl them by wagon to a pile
where eonvenient to lowd into near when needed. An inchined sereen
was creetend to separate the dust {rom fhe stone while vemveying it to
the ear. Indian labor was msed very sueeessiully for this ws well as tor
Inbor aboul the enisson,

The eviticism bas been made that the anchor piers shonld Liave heen
made with masonry rather than conerete.  In veply, it is answerced that,
while making the origival design, the conerete was considered most snit-
able and cheapest. Masonry of the character required. would have
cost 820 per cubic yard, exelading cement, vwing to the complicated
straeture, it haviog twelve angles instead of four as in an ordinary
solid pier. The comparison woukl run thus:

Masonry, per enbie yard........520 00
One-half Larrel cement......... 200

Freight on stone, perenbie yard. 3 00

Making total. coovovvnianrnnrcaco. B20 00 per eubie yard,
Conercte, contract price....... B2 00
One and & guarter bairels eenrent 5 00

Making total..ocveenrrsreaeeieea 17 00 b “
Making a differcnce of . ooaunye . 300 € € ip favor

of the concrete, and ithere being in the two anchor plers 1770 enbie
yards) a saving of 14 160, Taking into consideration its better adap-
tation to the purpose, the eriticism is answered. These, at least, ave the
considerations whieh impelled its adoption.

The anchor piers have not less than 700 eubie yvards of concrete over
the anchorage, which at 4 030 pounds per eubic vard, vill give a weight
on the anchorage of 2 835 000 pounds. )

The uplitt will not exceed the following:

Reaction of excess of weight of canti-
lever over anchor arm.. 19 200 pounds.

s < half of dead load of sus-
pended span........... 3283850 ¢
i ¢t Jive load on cantilever arm
165 feet x 3 2?9? pounds ;- vh o«
b s live load oun suspended
3¢ wh w5000 Ths, L .
span 830 fe —Vtw"{; v Ths $05 000G ¢F

—_— e 1080050 poumds.
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(Lhe heavies! train obtainable s far, that male up of voal, . ? 3
execed 2000 pounds per fnear fouf.)  This does not {ake -
sideration the eohesion of {he conerete, which is greaily in exed.: 10

simple weight of the mass, Tt would not do, however, {o relyuy 4 this
alfogother in any eise, as notwithstanding the wemost cure, {he strength
at the joints hefweon conrses will o Jose strong tlhun the body of each
conrse, - As the anehor metad is o interwoven with the mass of the base
of the pier, the ahove welght must be wnple,

Location or Prins, —Asa supported tupe measarement aerioss fhe river
was impracticable, the pier eonters had to he located by triangmlation. A
Dase dine 830 foet long on the woest bank of the river was carefully
measured, and from that two permanent monuments were fixed on the
center line, one heing on each bank suflicih-ntly distant to remain undis-
turbed (4 7 and « €47 Plate ). Thisline was measured with two 10 feet
iron poles furnished by the Phenix Bridee ¢ mpany, and ecorveet at 70
degarees Falp, temperatnre,  Tater g tap: wus drawn across, supporfed
pactly by the frmmway and the balance by the suspended streteher 100
feet lone, conlivming the triangulation within 51, fook, Then again,
during the snspension of work in the sumnier of 1854, & Lnrge sand bar
formed on the west side of the river, rendering it pructicable to secure a
good base line perpendieular to the center line of the briduee from the west
main pier, which wasdone, Mueh care was taken and repeated measure-
ments made at different temperatures, and they were found after apply-
ing the ecorvection (.00000653 per degree Fahr.) to agree within 1o foot
in 702 feet, the base being extended so as to use a paratlel base 42 feet
from the center line of the bridge. From this an angle of 45 degrees
was earefully and repeatedly turned and reference points fixed at such g
distance as allowed a clear sight over the east pier when fini<hed, Br
these referenee points the bridge pedestals were set ou the east main
picr, anl the bridge erected. Wien the bridge erection met at the
center of the river, the lower chord bars overlapped 5% inches, and pins
were inserted and quickly driven, as soon as the lower crection wedges
were slightly ~lacked off,

{COMPLETION 0F Bripsr,—The bridge was completei on the 33th of
Juaue, I8%), in 2 manner ereditable to the Plienix Bridge Company,
the eontractors, every part going together without a hiteh and with
commendabl: spesd, Tt was, however, opened for the passage of
trains on the 10th of Muy, by the ranoval of one engine aud the floor

T, o




ROWE ON RED ROCK CANTILEVER RBRIDGE, 695
g travoler, this being necessitated by the long expeeted disaster to
: ne, in spite of strenuous efforts to mmintain it by the Boad
1 wnt. Within fwo wecks, ton, the old bridge lost o pier and two

S,

The shop fnspeetion was plaeed in the hands of Hildreih & Nettle-
ton, and owing to the dissolntion of that firm was carvied through by K.
W Hildretl & Co. Fater, the senior meraber, 1 W, Hildroth, acted as
Tuspector of Ereetion.  To avoid nseless vepotition, the veport of 1L W,
Hitdreth & Co, s given partially as {ullows:

(Copy.)

“IsspecTioN oF ReEp Rocg Bribpar.
“¢ MATERIAL!

© Phe material used in the manutacture of the superstrueture of
the Hed Rock Bridie was wrought-iron, with the exception of the
waorking seetion of the main truss menthers, which was of open
hearth steel.  The viadnet approach was entively of wronght-iron,

“The materind prrehasad by the Phiomix Bridege Company of the
following rolling milis: Phaoix Iron Copany, Pawenixville, Pa,

* All angles, siyuares, ronnds and Hats not over 12 inches wide,
Pottstown Iron Company, Pottstown, Pa,

“ All wrought-iron plates over 12 inches wide, Charles Huston &
Sons, Coatsville, Pa.

¢ Steel filled irou plates for anchorage girders, Penusylvania Steel
Company, Steelton, Pa,

“Open hearth steel hlooms to be volled by Pheenix Iron Com-
pany juto shapes and tlats under 12 inches wide, Midvale Steel Com-
pany. Nicetown, Philadelphia, Pa.

¢ Steel pins, Carbon Iron Company, Pittshnrgh, Pa.

“ Open hearth steel plates over 12 inches wide and steel flats for
eye-bars,

* Rolling was started at Phewenixville and Pottstown in the latter
part of Jannary, 1889, and continued intermittingly at the various
mills until Marvch, 1890,

“The requirements for steel being for thres-gunarter round tfest
specimens, rolied from special ingots east with caeh heat, are for the
parpose of insuring the proper quality of metal. A number of tests
from finished steel were required by the speecifieations, to serve as a
check of the heating and rolling. The rejunirements for both iron and
steel, while necessitating good material, were easily met br the rolling
wills; we were, therefore, obliged to make verv few condemnations on
the resulis of tests,

¢ At the Carbon Iron Company we were ohliged to take all tests from
the finished plates and bars, as these mills had no facilities for rolling
ronnds,  This was preferable, however, as it not ouly gave the guality
of the material as well as the thres-uarter ineh rownd would have done,
but alse showed whether or not the steel had been injured in the subse-
quent proeess, ax of heating and rolling, more thoronghly than the
specifies] nmnber as taken on sipes, ete,

** Tor every speeimen of steel taken for a tension test, a similar one
wis fithen for bending, T all eases these specimens were sueeessfoily
bent, eold, 182 degrees to elose enntach. Const lerable matovial was
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condemned ~t every rolling mill; this was rarely, however, for poor
quadity, but on aceount of surfuee defoets and {laws,

*Tosts of full-gized ere-hars were all made on the 600-ton hydraulie
testing machine at the Athong shop of the Union Bridge Company,
Only two of this series of tosts broke in the hed, and, in ench ise,
this was due to the flaws discoveral during taspection, the bars being
seleeted for tests on that aceonnt, The result of the test of the b v e
ineh har was romd, considering that the fractiee was i the neek and
alsed by v tlaw, <o no rotest was ordered.  The vetest of the 8 L
Ineh bar gave good vesulis for 4 bar it had already been strained so
much beyond its elastic lmit. These tosts not only showed that the
proportions of the heads were siuliciont to hreak the liody of the har in
b enses nuliss weakened by Hlaws, but that the matertal of {he Teirs
aad nof heen iujurad by the manufacturing process to whieh it had oen
stebjected at the bridg shop.”  (See Appendiy ~

There wis no formal test of the bridge after ity completion owing to
the diffienlty of seeuring engines enongh to produce the typieal strain,
A= w matter of iuterest to all engineers, this should sl be done, if
practicable.  "Pwo 91-ton engines and & train of eoal earg fully loaded
{Plate CXXII), safficient to cover the bridge from one main picr to the
other, estimated to be about 66 per cent, of a full test load, gave 4 tofal
depression at the center of 3¢ inches,

In conelnding this report the writer Jdesires to sive eredit to all those
connceted with this important work, My, C. W, Smith, General Munsa-
ger; A AL Robinson, Chief Fingincer on the part of the Atehison, Topeka
and ta I'¢ Railroad Company, and James Dun, Chief Engincer on
the part of the St. Louis und San Franeisco Railroul Compaay, ad-
visory engineers, throughout its ceonstraetion; Prof. 8, W, Robinson,
Professor of Mechanieal Lngineering, Olio State University, Consult-
ing Engineer; Martin Rapp, and W. 7, Behrens, Assistant Engineers;
R. W. Hildretl, shop and tield inspector; each and all have the thanks
of the writer for their efficient aid, The designers, Prof. William H.
Buarr and Prof. J, A, 1., Waddell, the Phienix Bridge Company, and
Soovsmith & Co., contractors, each should <hare the credi of a good
Job well done. The accompanying views were secured by the aid of F.
E. Evans, of Oakland, California,
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