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C(B} ORGANIZATION 

Harza and Ebasco have formed a Joint Venture to accomodate 
the technical complexity and magnitude of the Susitna Project. 
The combined organization has established a team of professional 
personnel with extensive experience in hydroelectric project 
engineering, project control, and environmental studies to pro
vide the services necessary to complete all activities on this 
project" The s~rength pr.·ovided by our combined resources lies 
in the significant reserve of professional personnel available 
to support project functions, respond quickly to changing pro
ject manpower requiremertts, and supply the necessary special
ists. 

Joint Venture Management 

The Joint Venture will be managed by the Joint Venture 
Management Committee, comprising one principal and on.e alterna
tive representative from each company. As indicated ·on Exhibit 
B-1, the Nanagement Committee will report directly to the Presi
dent of each company thereby assuring the highest level access 
to the combined Joint Venture resources. The operation of the 
Management Committee is explained in detail in the Joint Venture 
Agreement provided in Section A,"General,"of the proposal • 

Dwight Glasscock, Vice President and member of the Harza 
Board of Directors, will act, as Chairman of the Management Com
mittee. Carl W1~itehead, Senior Vice President of Ebasco will 
serve with Mr. Glasscock on the cornrni ttee. These two indi vidu
als, as company officers, have the leadership experience neces
sary to manage t11e diverse skills associated with our combined 
organizations. Exhibits B-la through B-lc, at the end of exhi
bits, provide more de·tail on the corporate structures supporting 
the Joint Venture and identify the important position each mem
ber of the Managemeni:. Committee fills in his respective organi
zation. 

The Management Committee will meet at least quarterly with 
the Project t~anager in either Bellevue or Anchorage to ensure 
that the proper resources are committed to the project. Addi
tional meetings will be held as required to address support 
project activities. 

As stated above, Mr. Glasscock and Mr. lfuitehead will re
port directly to the President and Chief Executive Officer of 
their resepctive firms. This most senior level reporting re-
sponsibility will ensure access at the level in each firm where 
resources can be directed to meet specific project objectives 
with dispatch. Mr. Richard D. Earza and William Wallace III, 

C(B)-1 



C(B) ORGANIZATION 

Harza and Ebasco have formed a Joint Venture to accomodate 
the technical complexity and magni·tude of the Susi tna Project. 
The combined organization has established a team of professional 
personnel with extensive experience in hydroelectric project 
engineering, project control, and environmental studies to pro
vide the ser,7ices necessary to comple.te all activities on this 
project~ The s~rength provided by our combined resources lies 
in the significant reserve of professional personnel available 
to support project functions, respond quickly to changing pro
ject manpower requirements, and supply the necessary special
ists. 

Joint Venture Management 

The Joint Venture will be managed by the Joint Venture 
~1anagement Cormnittee, comprising one principal and one alterna
tive representative from each company. As indicated on Exhibit 
B-1, the Management Committee will report directly to the Presi
dent of each company thereby assuring the highest level access 
to the combined Joint Venture resources. The operation of the 
Management Committee is explained in detail in the Joint Venture 
Agreement provided in Section A,."General,"of the proposal. 

Dwight Glasscock, Vice President and member of the Harza 
Board of Directors, will act as Chairman of the Management Com
mittee. Carl "Vv"hitehead, Senior Vice President o£ Ebasco will 
serve with Mr. Glasscock on the comm.ittee. These two indi vidu
als, as company officers, have the leadership experience neces
sary to manage ~e diverse skills associated with our combined 
organizations. Exhibits B-1a through B-lc, at the end of exhi
bits, provide more detail on the corporate structures supporting 
the Joint Venture and identify the important position each mem
ber of the Management Committee fills in his respective organi
zation. 

The Management Committee will meet at least quarterly with 
the Project Manager in either Bellevue or Anchorage to ensure 
that the proper resources are committed to the project. Addi
tional meetings will, be held as required to address support 
project activities. 

As stated above, Mr. Glasscock and Mr. Nhitehead will re
port di.rectly to the President and Chief Executive Officer of 
t.heir resepctive, firms. This most senior level reporting re
sponsibility will ensure. access at the level in each firm where 
resources can be directed to meet specific project objectives 
wi.th d:i.spatch. Mr. Richard D. Earza and William Wallace III, 
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-~, Presiden·t and Chief Executive Officer of Harza and Ebasco, re
spectively, have underscored their commitment to act on requests 
from the Joint Venture Management in the "Corporate Commitment" 
which is included in Section A "General, 11 of this proposal. In 
addition to support of the Joint Venture Management, Mr. Harza 
and Mr. Wallace are committed, if conditions warrant, to per
sonal involvement with the Power Authority Management. 

Overall Projec~ Management 

The primary Project Management functions of the Joint Ven
ture identified on Exhibit B-2 have been located in the Project 
office in Anchorage. This offers significant advantages to both 
the Power Authority and the Joint Venture as far as management 
of project activities is concerned. First, the proximity of the 
key Project Management staff to the Power Authority's Management 
staff \"/ill provide for direct ancess and rapid exchange of in
formation concerning p:t"oject status, and facilitate resolution 
of any concerns or problems. Second, by placing the Project 
Management staff in the location where critical project a.ctivi
·ties such as licensing, environmental studies, geotechnical 
investigations, development of design concepts and construction 
will occur, the Joint Venture can provide direct control of the 
Project. The key Project Management personnel and the:i.r re3pon
sibilities are described below. 

The overall management responsibilities and major decision 
making authority is vested in the Project Manager. Dr. R.S. 
LaRusso will report to the Power Authority on all aspects of the 
Project and will be responsible for directing the activities of 
all project personnel. To implement the overall management plan 
and provide the specific direction needed to accomplish project 
goals, the Project Manager will provide his direction to the 
managers of three major functions: engineering, project con
trol, and regulatory and environmental affairs. ~he functions 
and responsibilities of these managers is described below. 

Engine2!ing QEerations 

The Engineering Operations Manager, A. Zagars, will be 
responsible for the direction and management of all project 
engineering activities. As indicated on Exhibit B-3, four major 
areas will report to the Engineering Operations Manager and he 
will control their operations during the simultaneous efforts 
related to studies, investiga~ .. ions and design concepts, and 
during the detailed design ph.e.se of the Project. The four major 
areas are: 

~• Bellevue Office Engineering which is responsible for 
execution of work packages defined in the Anchorage 

C(B)-2 



f 

• 

• 

office, including the production of detailed design 
specifications and construction drawings to support 
project construction. 

Project Studies and Design, located in Anchorage vihich 
will, through coordinatior.\ of desi<;.tn studies and geo
technical analyses, provid,e the conceptual layout and 
design work packages to tne Bellevue Office. 

The Geotechnical Exploration Program,which will pro
vide the data resulting from subsurface investigation 
programs and geotechnical features of the project. 
(See Exhibit B-7)e 

• Non-technical Project Features Management, locat'ed in 
Anchorage which will provide the basic performance 
specifications and review associated with the non
technical facilities for issuance of contracts to 
design subcontractors. 

Project Control 

The Project Control Manager, M. Saniker, will be respon
sible for the implementation of the overall projet::t control 
systems designed primarily to control the costs of technical and 
support services, as well as capital cost of the p:roject·. As 
Exhibit B-4 indicates, the Project Control Manager will have one 
major group in Bellevue and several individuals in Anchorage 
reporting directly to him. The Bellevue organizai:ion, which 
reports to the Lead Cost/Schedule Control Engineer, is responsi
ble for~ 

• Control of the schedule associated wit.h perfonrtance of 
the technical and support services necessary to pro
vide the project detailed design and the associated 
construction contract packages. 

• Control of the se:r.~vices cos"~S of the project including 
expenses aseociated with project operations and pro
vision of specific monetary cost reports on the pro
ject. 

• Development of project capital cost estimates includ
ing estimates of total project cost, and engineer's 
estimates for equipment and construction contracts. 

The individuals in Anchorage who report to the Project 
control Manager will have similar types of responsibilities in 
the cost schedule area, although their activities will be di
:t"ected toward the non-technical subcontraotot:s and the field 
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''\) study and investigation programs. In addition, the following 
functions will also report directly to the Project Control Mana
ger. 

• Contract Admj.,nistration of the non-i:echnical and field 
investigation subcontractors. 

• Project Accounting, responsible for accumulation of 
field costs an.d for administration of personnel in 
Anchorage. 

• Project. Coordination, responsible for accumulating 
information for inclusion in monthly reports and con
trol of procedures, technical. documents, and draw
ings. 

Environme!ntal and Regulatory Programs 

The Environmental and Regulatory Programs Manager, Dr. G. 
Lawley, will provide technical direction and guidance to those 
Joint Venture personnel and subcontractors who are performing 
licensing support activities, env·ironmental studies and designs 
and analysis of field data. He will be responsible for all 
activities which re.qui:re coordination with natural resources 
management agencies, the FERC and th~ Power Authority. Report
ing directly ·to the Environmental and Regulatory Programs Mana
ger, as indicated on Exhibit B-5, are the following: 

• 

• 

The FERC License Support group,which is responsible 
for identification of licensing requirements, develop
ment of a program for response to these lic~nsing 
requirements, and interface with the Power Authority 
and appropriate regulatory bodies. 

The Environmental Studies and Desigrts group will re
view, monitor and design (as necessary) field programs 
which are being conducted in support of defining pro
ject environmental impacts. 

• The Bellevue Support Act.ivities group,which consists 
of technical specialists who will be available to 
support the environmental wor·k effort on an as needed 
basis. These individuals can, if required, support 
analysis, revie-v1 the work of project subcontractors 
and prepare technical reports to agencies. 

Transition Pro~~~ 

The Joint Venture recognizes that a considerable amount of 
time and effort has been expended to date by existing Power 

C(B) ·-4 

j 
. ../· 
. 

_.;« 

' ' . 

~
" 
~.·~·· 
~:'~ 
ft.' 
. 

r 
I 

I 
1-
~ 



,.,, Authority consultants to prepare a preliminary design of the 
Susitna Project. This information, including field studies, 
environmental and technical investigations, feasibility analyses 
and preliminary plant <"!onceptual drawings has provided the basis 
for developing our proposal for completion of project technical 
activities. The Joint Venture proposes to use this information 
as a starting point 1 and then effect a smooth transition from 
the existing consultant to our own forces. 

To accomplish this transition, the Joint Venture will bene
fit from a Transition Team comprised o£ three individuals who 
have gained considerable experience in Alaska {J.L. Ehasz, R.L. 
Meagher, and s~o~ Simmons). The Transition Team will function 
as staff-level advisors to the Project Manager, providing gui
dance and direction in the initial work efforts. These three 
individuals will impart their background knowledge of the 
Susitna project and Power Authority requirements to the Project 
Te~ as they develop the complete project work plan. 

It is expected that the total transition period for the 
project will be approximately one year.. During this time, the 
objectives of the Project Team will be to establish the basis 
for completion of project design. A.fter completion of this 
ta~k, the Transition Team will be dissolved and the personnel 
who comprised the Team will be assigned to their normal project 
functions on the Internal Review Board. Throughout the comple
tion of the detailed design 1 which includes preparation of engi-
neering specifications and construction drawings, the design 
will be reviewed by the Internal Review Board members to ensure 
comp1iance with the established design concepts. 

Positio~ Descriptions 

The Joint Venture has developed position descriptions for 
key personnel on the organization chart. Position descriptions 
have been organized as follows: 

Project Management 
Engineering Operations 
Project Control 
Environmental & Regulatory Programs 

?reject Management 

Proje.ct Manager (Anchorag:e) 

The Project Manager will be responsible for administration 
of the contract between the Joint Venture and the PO'\'ler Autho
rity. He will be the formal link between the Power A.uthority 
and all· elements of the project organization. 
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. He will oversee and hold the responsibility for final au
thorizations concerning all operations of the Susitna Hydroelec
tric Project team~ He \.t~ill be directly responsible for formal 
issue of all project documents, for executing subcontracts in 
support of the Anchorage and Bellevue offices. He will develop 
employment conditions, wi t.h the Management Committee, for per
sonnel assignments and he will be responsible for final approval 
of personnel assignmentsn 

Upon receipt by the Project Manager of programs for inves
tigations, studies and design efforts from the Engineering Oper
ations Manager, the Environmental Program Manager, and the Pro
ject Control Operations Manager, the Project Manager will be 
responsible for final authorization and budget allocation. 

The Project Manager will initiate, schedule and chair meet
ings bet\-.reen his staff and the Power Authority, the Internal 
Review Board, and the External Review Panel. He will make pre
sentations as necessary to the Power Authority's Board of Direc
tors and, when requested, to public information forums. 

The Project Manager will report ·to the Joint Venture Man
agement Committee concerning the status of the Project. 

Public Participation ~rogram Ma.nage_E (Anchorage) 

The Public Participatio~l Progra111 Manager will be responsi
ble for communicating information about the Project's engineer
ing, environmental, and cost elements to the Alaska PO\Jer Au
thority Public Participation Office.. The Program Manager will 
be available at public meetings, meetings with Citizen Advisory 
committees and working groups to assist the Power Authority in 
the collection and distribution of information. He will report 
to the Project Manager and have direct access to the managers of 
Engineering Operationsf Project Control, and Environmental and 
Regulatory Programs to provide convenient exchange of informa
tion between the Project Team and interested individuals and 
groups. 

Engineering Operation~ 

Engineer;_~ Ope:rati~ Manager (Anchorage) 

The Engineering Operations Manager will direct the engi
neering studies required to further develop, confirm and refine 
the layout of project featureo of the susitna Hydroelectric 
Project, and subsequently, the detailed design of these fea
tures. He will also be responsible for the engineering associ
a·ted with the development of the non-technical facilities. 
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Working with his staff, he will establish schedules for the 
work and organize procedures for execution of all technical work 
items, including detailed procedures for informa"c.ion transfer, 
master filing, checking, review, and approval. He will be re
sponsible for project design and drafting standards, and other 
project technical documents. 

He will schedule engineering personnel assignments, or 
approv·e the assignment of personnel by others, to all key engi
neering positions on the project. He will review ar..:d evaluate 
performance of engineering personnel and recommend salary ad
justment at appropriate intervals established for the project. 

The Engineering Operations Manager will initially review a.ll 
products of engineering st~dies, investigations, and designs~ 

He will present reports to the Power Authority staff, the 
External review Panel, and the Internal Review Board, as well as 
to the Project Manager, to whom he will report. 

Office Engineerins Manager (Bellevue) 

The Bellevue Office Engineering Manager will direct the 
production of all of the Susitna wor·k assigned ·to the Bellevue 
Office by the Engineering Operations Manager in ll ... nchorage. He 
reports to the Engineering Operations Manager in Anchorage • 
Assigned to the Bellevue office team to support the Bellevue 
Office Engineering Manager are the seven Lead Engineers shown. 
on Exhibit B-6. 

The Bellevue Office Engineering Manager and his Lead Engi
neers will participate with ~the Engineering Operations Manager 
and his staff, under the direction of the Project Manager, in 
Anchora.ge in the development of the detailed Work Plan, the 
Review of Previotls Studies and the development of the Proj egt 
Conceptual Design. Upon completion of their work in Anchorage, 
the Bellevue Office Engineering Manager and his tea.t-n of Lead 
Engineers will return to Bellevue to complete staffing the of
fice and proceed with the production of detailed designs and 
contract documents. 

After Bellevue is authorized by the Engineering Operations 
Manager to proceed with a specific work task, the Bellevue Office 
Engineering Manager is responsible to complete the \vo:ck on sche
dule and within the manhour and dollar budgets established dur
ing development of the detailed work plan. · He is also r~sponsi
ble for coordination through the Anchorage Office with the site 
field office with respect to timely acquistion of field results 
for efficient production of the work" He also has responsibility 
for quality contl..ol of the design work as well as scheduling and 
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gathering all data necessa-ry for the Internal Review Board par
tioipationo In order to maintain efficiency and cost effective
ness 1 he must schedule the part~icipation of specialists from the 
Harza-Chicago and Ebasco-New York. He also must coordinate with 
the Harza. and Ebasco home offices when discrete subtasks such as 
Finite Element or Hydraulic Transif~nt analyses are assigned to 
the home offices by the Engineering Operations Manager in 
Anchorage. 

He is responsible for monthly progress reporting for work 
under his jurisdiction. He will also participate, when reque:st
ed by the Project Manager, in meetings with the Power Author
ity's External Review Panel, FERC, public agencies and if neces
sary Public Infol~ation Meetings. 

Lead Geologist (~ellevue) 

The Lead Geologist will be responsible for the review and 
evaluation of geological data resulting from the field explora
tion program and will cooperate with geotechnical and other 
design staff in the application of this data to pertinent as
pects of the project design. He will supervise geological acti
vities within the design group, which will include participation 
in geotechnical design studies as well as preparation of geolog
ical documentation and geologically oriented portions of the 
contract documents. The Lead Geologist also will be responsible 
for interfacing with the Manager of the Geotechnical Exploration 
Program, with various consultants and with the Joint Venture 
Internal Review Board. He-~ will collaborate with the Geotechni
cal Exploration Program lv1anager on scheduling the field opera
tions to ensure that completion of field tasks and transmittal 
of field data meet the design and contract document production 
schedules. In addition, the Lead Geologist will provide liaison 
with and support of the environmental studies related to geology 
and soils. 

Lead Geotechnical .Ensineer (Bellevue) 

The Lead Geotechnical Engineer will be responsible for the 
review and evaluat.ion of all t;eotechnical data resulting from 
the field explorat~ion program a1.1d will coordinate the ,.,ark of 
the geotechnical s;taff with the geologists in applying geotech
nical parameters to the project design. He and his staff will 
carry out analyses and s·tudies of soil mechanics, rock mechanics 
and foundation conditions bearing on the design of the e;mbank
ment dam and other earth structures and on foundation design and 
foundation treatment for all project structures both above 
ground and underground. He will have primary responsibility for 
preparation of design mernorandat contract drawings and specifi
cations for the dam and its foundation treatment and instrumen-
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tation, for s~t.ructure drainage systems and will collaborate with 
civil and structural engineers in preparation of contract docu
ments for other project structures. The Lead Geotechnical Engi
neer will interface with the Geotechnical Exploration Program 
i'-1anager 1 with various consultants, and \vi th the Joint VenturA 
External Review Board. 

Lead Civil/Structural Engineer (Bellevue) 

The Lead Civil/Structural Engineer will be responsible for 
the technical content and quality control of his staff's work. 
He and his staff will carry out studies, analyses and design of 
all above ground and underground concrete and structural steel 
structures, based on equipment arrangement needs of the mechani-
ca_l and electrical disciplines and parameters resulting from 
hydraulics studies. He will have primary responsibility for 
preparation of preliminary civil design criteria, desig-n memo
randa, layouts, contract/construction drawings, and certain sec
tions of the specifications for all civil/structural components 
of the Project, utilizing the the Joint Venture 1 s design aids 
and drafting standards plus industry codes and standards. In 
addition, under his supervision the powerhouse outline 11 base 11 

drawings will be developed, which will be used by electrical and 
mechanical di scip).ines for shov1ing their equipment. 

Lead Hydraulic ~ngineer (Bellevue) 

The lead hydraulic engineer will direct the hydraulic de
sign studies for the project. Ee will assign the work to hy
draulic engineers in accordance with the project schedule. He 
will also serve as the coordinator be·l:.ween the hydraulic des{.gn 
work and other disciplines in the organization. 

The Lead Hydraulic Engineer v1ill serve as the technical 
representati ... Ye for coordinating and advising the hydraulic labo
ratory work. As such he will prepare the model program, inspect 
the model testing and handle the day-to-day conununications with 
the hydraulic laboratory. 

Additionally, the Lead Hydraulic Engineer wil.l serve as 
required during External Review Panel meetings to present the 
results of hydraulic design studies and to answer questions 
regarding the hydraulic aspects of the Projecto 

Lead Mechanical !_ngineer (Bellevue) 

The Lead Mechanical Engineer will be responsible for the 
selection of the generating unit turbine and governing system, 
for selection ahd design of gates and trashracks, for selection 
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11· of cranes and hoists, and for design of project general mechani-
-~- '': cal service and safety systems. He and his staff will make the 

studies and analyses necessary to confirm or revise the prelimi
nary designs made at the feasibility level. They will interface 
closely with the other disciplines (civil, hydraulics.f electri
cal} and the Joint Venture Internal Review Board in preparing 
the preliminary design layouts and arrangements for each of the 
project features and will select and fonnalize in design memo
randa the criteria to be use in final equipment selection and 
system design. He will direct the mechanical design staff and 
ensure its coordination with the other involved disciplines, in 
preparation. of specifications, contract/construction drawings 
and quality control memoranda utilizing Joint Venture design 

, ) 

cri te.t~ia, drafting standards, and industry standards. He will 
provide mechanical input to the evaluation of bids received and 
make recommendations of award. 

The Lead Mechanical Engineer vlill be responsible for the 
review of manufacturers' design data and drawings, and will also 
be responsible for the inspection of major mechanical/equipment 
at manufacturing facilities and assistance to field forces in 
project start-up. Operation and maintenance manuals will be 
prepared under his direction. 

Lead Electrical Engineer (Bellevue) 

The Lead Electrical Engineer will be responsible for selec
tion of all major project electrical equipment {except transmis
sion system) and the design of the grounding, generation and 
generation control and protection, and station service electri
cal systems for the various project features. He will adminis
ter and supervise a staff who will confirm, or revise, the fea
sibility level electrical design, and perform the studies neces
sary to establish a preliminary electrical layout and define the 
criteria and parameters to be followed in the final electrical 
design. Electrical design memoranda formalizing these critiera 
will be prepared under his direction. 

He will direct the preparation of the fi.nal designs, speci
fications, contract/construction drawings and construction/ 
instal~ation quality control memoranda. He will coordinate the 
in~~rfacing of his section's work with that of the other disci
plines and the Internal Review Board. He will also coordinate 
his staff~s work with the specialist Joint Venture electronics 
staff where they interface on computer control and microwave 
systems. He will prepare technical analyses of electrical 
equipment bids and provide input to the electrical sections of 
construction bids documents. 
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, He will supervise the review of manufact:urers * submittals 

,, 
.d 

and in-plant acceptance inspections and tests. He will assist 
the Power AQthori ty and the Construction Mana~ger' s staff in 
field inspection ana testing and project start-up. Operation 
and maintenance manuals will be prepared under his direction. 

Lead SupP?rt Servic~s Engineer (Bellevue) 

The Lead Support Services Engineer will be responsible for 
the Joint Venture's services in the preparation and issue of 
contract docmnents for construction control packages. He will 
coordinate with the design disciplines who will draft the tech
nical specifications required for the documents. He will be 
responsible for coordinating construction input to the construc
tion and equipment procurement bid packages by the Construction 
Manager and the Power Authority staff. Also, working jointly 
with the Construction Manager and the Power Authority, he will 
conduct the bidding process and he will coordinate the Joint 
Venture's analysis of bids and recommendations for award. 

The Lead Support Services Engineer's staff will include 
specialists in construction planning and scheduling. He will 
:supervise construction and constructibili ty input to the de.sign 
process and the preparation of bidding documents and bid analy
sis. He will also provide internal constructibility review of 
the designs, specifications and drawings prepared by the design 
disciplines. He will provide assistance to the field during 
construction as requested by the Anchorage office or Resident 
Engineer. 

Project Studies and Design Manager (Anchorage) 

The Project Studies and Design Manager will support the . 
Engineering Operations Manager and in r"is absence will act on 
his behalf. He will participate in the preparation of the 
Detailed Project Work Plan. 

He will have direct involvement in the development of in
vestigation memoranda, the Project Conceptual Design and the 
preparation of the Project Conceptual Design Report" He will 
aid the Engineering Operations Manager in the assignment of 
di-screte work packages to Bellevue offices and the Harza and 
Ebasco home offices. He will coordinate the transmittal of 
field investigation results to these offices, as well as re
sponses from these office to field questions. He will be re
sponsible for the technical aspects of the conceptual design of 
the non-technical features of the Project as well as the review 
of the design subcontractor prepared contract documents designs, 
drawings and specifications. 
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~otechnica_! Explor.ation Program Man~ger (Anc:hor~ge) 

The Geotechnic•al Exploration Program Manager will be irx 
overall charge of both the field exploration activity and geo
technical activity in the Anchorage office. He will plan, orga
nize, direct, schedule and review the work carried out by the 
Joint Venture team C>f geologists and geotechnical engineers and 
the several field subcontractors. He also will be responsible 
for assLrnilation anol preparation of the field and laboratory 
data for tra.nsmittal. to the BelleVlJe Design officA. He will 
assure timely intera.ction with the design g·roup in the Bellevue 
office. The Geotechnical Exploration Program Manager and his 
senior staff will retview proposed layouts and preliminary de
signs and will apprise the Bellevue design group of recommended 
layout adjustments c>r design modifications stemming from the 
investigation findings., In addition, will be responsible for 
the adequacy of all support functions for the field operations 
by maintaining close liaison with subcontract.ors responsible for 
camp operation, permitting and logistical support. 

Non·-Technical Proj ec~ Features Manager (Anchorage) 

This Manager will be responsible for management of the 
non-technical design subcontractors and the logistic support for 
field investigations. He .will be responsible for developing the 
scope of services for each design subcontract, issuing propos
als, negotiating the technical aspects of the non-technical 
design \.,ark, seeing t.hat the work is given adequate revie"~"rv to 
assure its quality, and monitoring progess of the design work. 
He will also coordinate with the Power Authority and the Con
struction Manager and coordinate design subcontractors whe~n 
necessary .. The organization of this area is shown on Exhibit B,....8., 

The Manager will direct the l·ogistic support aotivit.ies for 
field investigations to ensure that the subcontractors t:hat 
provide coamp facilities, transport, and equipment are f!unction
ing in a manner that permits an efficient field itJVestigation 
program. 

Project Control 
--....:~-,_ 

Project Control Manager (Anchorag~) 

The Project Control Manager will have overall responsibili
ty for the control of costs of technical and support services, 
control of schedules and preparation of capital cost estimates. 
The Project Control Manager will manage and supervise imple
mentation of the EPICS program, the. non-technical administative 
control of Subcontractors, the administration and accounting in 
the Anchorage office, liaison with the Construction Manager 
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r-,· regarding cost/schedule control, preparation of project status 
reports, and logistics and cornmunications between Bellevue, 
Anchorage ru1d the site. The Project procurement activities will 
also be under his administrative control so that accounting, 
statusing and cost/schedule impacts will be automatically chan
neled to the Project Controls group. He will be responsible for 
optimizing the com.~unications anci data links between Anchorage 1 

Bellevue and the site to gain ma}(:imum efficiency and economy. 

~ead Cost/Schedule Control Engine·.=:, (Bellevue) 

The Lead Cost/Schedule Control Engineer in Bellevue, who 
reports to the Proj ec·t Control Manager in Anchorage, is respoh
si'ble for the control of services costs, caJI.>ital cost and sched-:
ules for the activities performed in the Bellevue office.. Re
porting to the Lead Cost/Schedule Engineer are the Project Esti
mator, Service Cost Engineers and additional Cost/Schedule Con
trol Engineers who will develop and maintain cost and schedule 
baselines for the Project .in order to perform these control 
functions. 

Lead Contract Administrator (Anchorage) ____________ ,___ ' 

The Contract Administrator is responsible for administra
tion of the local engineering subcontracts and the numerous 
subcontractors involved· in t.he ge:otechnical exploration and 
environmental investigations. Te~chnical supervision in most 
cases will be the function of the· appropriate J'oint ~Tenture 
geotechnical or environmental staffs, or Frank Moolin and Assoc
iates'! The Contract Administrator ensures that t.he proper bid
ding procedures are implemented and that any changes in original 
contracts are properly analyzed and processed~ 

The Contractor ltd'llinistrator will also have the function of 
ensur-ing maximum participation in the hiring of Alaskan subcon
tractors and the implementation of: the Power Authority - Cook 
Inlet. Native Village and Cook Inlet Region Agreement as contain
ed in the RFP Attachment VIII. 

Lead Cost/Schedule En~E-neeF (~chorage) 

The Cost/Schedule Engineer is responsible for est~blishing 
·the initial baselines associated witb the local non-technical 
engin-eering subcontracts and the con·tractors supporting the 
field geotechnical and enviro!h"'Uental investigations. He will 
update and monitor progress on these in accordance with the 
requirements of the cost/schedule control program. In addition, 
he will provide support to the Project Estimator and Project 
Management personnel in the control of costs and schedules of 
the Project. Be will obtain local cost data and other data 
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that are needed for estimating local costs. Transport limita
t.ions that must be known such as harbor facili ti~~s 1 rail and 
road limitations for weight and size of equipment. will also be 
obtained!' 

Accountant (Anchorage) 

The Accountant will process invoices and handle local pay
rolls and miscellaneous materials expenses for field and office 
activities. In addition, he will provide the personnel func
tions associated with the non-professional staff of~ the field 
office. 

g_!"_£ject. Coordinator (Anchorage) 

The Coordinator has the function of ensuring that all par
ties update their cost/schedule reports, as scheduled, monitor
ing progress 1 establishing distribution schedules, ac~ting as 
liaison between the engineers, the procurement group, and the 
Bellevue Project Control group. 

Environmental ~3 Regulatory Pro<;rams 

~nvironmental and. Regulatory Programs Manager (Anchora~~) 

·The Environmental and Regulatory Programs Manager will be 
responsible for implementing the work plan outlined in Section 
D( c), "Environmental Studies". He will be the Project M.anagement 
Team's key individual in the execution of environmental and 
regulatory programs which are central to the issue of pl:"oject 
licensing. He will be the principal point of contact between 
the Joint Venture and the Power Authority•s environmental staff 
on t~chnical issues and will provide assistance as needed to the 
Public Participation Support Program, engineering studies and 
prcject control functions. 

The Enviromnental and Regulatory Programs Manager will be 
responsible for p:t:."eparing periodic progress reports on the sta
tus of environmental program activities. He will also have 
overall responsibility for all technical environmental documents 
developed by the Joint Venture and its subcontractors. 

From an administrative standpoint, the Regulatory Enviro-
mental and Regulatory Programs Manager will be responsible for 
managing the costs and maintaining the schedule of the environ
rnenta.l program. Supported by the Joint Venture project control 
staff, he will be responsible for planning and executing the 
environmental progrnm. He will provide input to the project 
management information system (see Section D(l)) in accordance 
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with project procedures for budget and schedule planning, moni
toring, and reporting. 

""' 

Agenc~ Liaison (~nchorage) 

The Joint Venture has established the position of Agency 
Liaison in Anchorage during ·the FERC licensing period. ~ne posi
tion will be a staff position, reporting to the Reg'ulatory and 
Environmental Programs Manager, providing continuing technical 
and adminstrative liaison between the Joint Venture and the 
state and fede~al agencies involved with the Susitna Project. 
This will be an especially important function in early 1983, 
when a change is made in the consultant, the transition·is made 
from £:easibility to design ac'tivities, and the FERC License 
Application is submitted. · 

FERC £:f..censil!9: Coordinator (Anchorage) 

The position of FERC Licensing Coordinator has been esta.
blished to coordinate the day-to-day activities necessary to 
ensure proper response during the FERC licensing process. In 
this role, he will provide technical and administrative coordi
nation for engineering and environmental input to FERC requests 
for additional information, special studies, meeting participa
tion, documentation, and a variety of other tasks as required. 
This position, full-time in Anchorage, will require heavy in
volvement with the participating agencies and with Power Author
ity staff. 

Permits coordinator (Anchorage) 

The proposed program for acquisition of permits other than 
the FERC License is described in Section D(e-f) of this propos
al~ The position of Pennits Coordinator, however, is proposed 
as integral to the overall Environmental and Regulatory Program. 
The :Permits Coordinator will lead the preparation of all fed
eral, state and local permit applications necessary for both 
design activities as well as overall approval of project compo
nents, monitor compliance with permit requirements, and provide 
input as necessary to the FERC licensing process. 

Technical, ~gram~ (Anchorage) 

Three lead technical specialists will be assigned to the 
Anchorage Joint Venture office fo.r the duration of the licensing 
period, in the following positions: 

• Lead Aquatic Ecologist 
• Lead Terrestrial Ecologist 
• Lead Resources Planner 

C(B).-15 



~ These resident positions are necessary to ensure that continuous 
oversight and management. guidance is available in the disci
plines most critical to the licensing process. In addition, 
these individuals will work closely with the environmental sub
contractors in their ~:-especti ve disciplines .. 

The responsibili tie:s and qualifications of the lead techni
cal specialists are as .follows: 

The Lead Aquatic Ecologist will: 

• Supervise and coordinate r~sident and anadromous fish
eries monito·ring programs 

• Asse~1s alteJ:native project design impacts on resident 
and anadromous fisheries 

• Direct continued fisheries mitigation plan develop
ment 

• Coordinate fisheries programs with Alaska state and 
federal agencies and fisheries interests 

• Act as a liaison on fisheries subconsultant activities 

The Lead Terrestrial Ecologist will: 

• Supervise and coordinate wildlife monitoring programs 

• Continue development o£ wildlife mitigation measures 
and planning 

• Coordinate wildlife programs with Alaska, state and 
federal wildlife management agencies 

• Assess alternative project design impacts on area 
wildlife 

• Act as a liaison with terrestrial resources subconsul
tant activities 

The Lead Resources Planner will oversee all technical activities, 
including the following: 

• 
• 

Supervise and coordinate land use studies 

Coordinate sampling activities during the socioecono
mic impact monitoring program 
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• Support the public participation program 

coordinate archeological and cultural investigations 

• Evaluate recreation development objectives 

• Coordinate studies of project work force impacts 

Manpower Loading 

The initial effort to organize the design program and 
project organization will require early assignment of project 
management and project contr0l personnel. The initial 
engineering staffing will be needed to review previous 
studies and to develop the design concept, Environmental and 
FERC licensing support staff will be needed to familiarize 
themselves with the on-going data collection program and to 
review the license application so they can effectively take 
over those programs. Preliminary arrangements for these 
early assignments will be made during the contract negotiation 
period. 

Exhibits B-9 and B-c·lO show the staffing requirements in 
Alaska and in Bellevue.. rye have not shown the manpower 
loading for home office support because it is relatively 
small {about 15 percent) and it will not substantially 
impact the home office workload. The combination of the two 
exhibits show that the work force builds to a peak of about 
100 personnel in Alaska and Bellevue by mid 1984. Home 
office support and design subcontractor forces will probably 
add about 10 0 more personn.el at that time. 

The peak loading in Alaska in 1983 an,'J. 1984 are for the 
summer field investigations. The peak loa1iing in the Bellevue 
design office during 1984 is caused by de~.Lgn activities 
related t.o the dam and diversion facilitie; and the second 
peak in 1985-86 is related to the period wnen most of the 
equipment design and contract documents are being prepared. 
The manpower loading corresponds to the work task schedules 
that are shown in Section D(b). 

C(B/-17 

,J: 
··~ 

'' ' 



e 

~ / , 
H.A.RZA 

ENGINEERING 
COMPANY -
President 

R.D. Harza 
Executive VP 

e E.J. Beck t.,, 

, / , / , / 

ENGINEERING MANAGEMENT PROJECTS 

OPERATIONS 
GROUP AND 

OPERATIONS PROCUREMENT 

~ .1~ ~ 

IM.;Jm·JE~®® 

/ ,, 

EBASCO 
SERVICES 

iNCORPORATED 

President 
W.W. Wallace Ill 

Executive VP 
R.J. Christesen ll 

,. 
/ 

CONSULTING 

ENGINEERING 

~ 

I 

i 

, • I" 

ENGINEERING 
AND 

CONSTRUCTION 

-~ 

.r 
JOINfVENTUAE 
MANAGEMENT 

COMMITTEE 

D.L.Giasscock (Chairman) 
C.F. Whitehead 

ALASKA 
POWER 

AUTHORITY 

PROJECT 
MANAGER 

R. LaRusso 

EXHIBIT 8 ·1 

,- I -~-

PROJECT ORGAN lj,TION 

SUSITNA HYDROELECTRIC PROJECT 

CORPORATE: ORGANIZATION 



1 l J 

(} 

\" 

u..:} 

D 

;,' 
:;-; •,:.-

L 
p 

• 

'. () 

,,-. 

-
,, 

0 

., 

0 

'· (; 

'·L· .. c: ..... ·-.,~; ( ' ' ' 

~--"-4 ~- .-
~/ 4 ~ . . 

~' < ! ~ - _, 

-:). 

'!:J 

c 
Lj 

(' 

~ 

·f· 
J 

r_;:. s" 

' 

::' 

\): 

;_:, .. 

·-:I 

'I-

11 

i! 

• ~--

••• ~ 

• ~ 
Iifllil f!J~'71 E\\ t~riblil @d.ilMil! 
trH~~~ ~J!V.?r~~~\W 

EXHIBIT B -2 

SUS I TNA HYDROELECTRIC PROJECT 

PROJECT MANAGEMENT TEAM 

w 
u z 
w 
;: 
w 
Q. 
X 
~ 

l3 
w 
d a: 
Q. 

w 
(.,) 
z 
w 
a: 
w 
Q. 
X w 
a: 
1.11 
:J: 

b 

'1·)~ .. 1 ,, J I 

'-' D -~~ 

0. 

~-
~] 0 

!j 

'• 

() 

:'] 

:";-



(. 

() 

JOINT VENTURE 
MANAGEMENT 

(PARENT l:ORPORATIONS) 

D. Glasscock, Chairman 

C. Wbitehe2d 

BELLEVUE OFFICE 

ENGINEER!NG 

D. Ruotolo 

{See Exhibit B-6) 

Anchorage based operations 

~Q JE/fJJA\~U:® 

VALUE 

ENGINEERING 

~<- ·~~·-.c--~~-~-..... ~·-... ---.... ~---~·~-"~.._.--.--......... :-:--"+-....__......, __ ---· .. .....-----~·,.__.,,,..._...,_,_.:·~--~--~~ 

0 

·' 

·- EXTERNAL REVIEW 
PANEL 

INTERNAL REVIEW 

BOARD 

EXHIBIT 8·3 

(See Exhibit B-5) 

BELLEVUE OFFICE 

SUPPORT ACTIVITIES 

SUSITNA HYDROELECTRIC PROJECT 

MANAGEMENT AND SUPPORT 
ORGANIZATION 



; 

I 

'• ' i 

I 

I 
I 
! 

. ~ 

I 
j 
l 
I. 

PROJECT '~TlMATOR 

A. McDermott 

Anchorage based operations 

IJ[Jfjjm ~j f€/JJDJ~®® 

LEAD COST~CHEDULE 

CONTROL ENGINEER 

J. Caneparl 

SERVICES COST ENGINEER 
COST/SCHEDULE 

CONTROL ENGINEER 

EXHIBIT B ·4 

SUSITNA HYDROELECTRIC PROJECT 

PROJECT CONTROL 

ORGANIZATION 



L '~ 

f,,l 

,, 

BELLEVUE OFFICE 
SUPPORT ACTIVITIES 

• Fisheries D. Beyer 

• Wildlife R. Fairbanks 

• Recreation, Aesthetics, 
& Cultural Resources R. Suttle 

• Land Use C. Lawson 

• Socioeconomics and 
Public Participation 
Liaison 

• Water RE!$ources 

• Soils & Geology 

• Project Economics 
& Alternath•~s 

r E. Cunningham 
I_P. Rogers 

8.1(. Lee 

R.Acker 

W. Hutchinson 

Anchorage based operations 

JmjiB\~ ,~{f:{Q) 

EXHIBIT B -5 

SUSITNA HYDROELECTRIC PROJECT 

ENVIRONMENTAL AND 
REGULATORY PROGRAM 

MANAGEMENT ORGANIZATION 

~ 

m 
X 
J:: 
Ill 

=i 
til 

m 

0 

~Y 
0 



e 

LEAD GEOLOGisT 

R.C.Acker 

8 Senior Geologist A.P. Kewer 
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C(C) EXPERIENCE 

The Harza-Ebasco Joint Venture has extensive experience 
in all aspects of the design and licensing of hydroelectric 
projects and the desi~n and construction of underground facili
ties for hydroelectric ana other projects. Specific discussions 
are provided for the follo\ving five recent major projects under
taken by Harza or Ebasco: 

1. Guri Hydroelectric Projectr Venezuela 

2. Chicago Tunnel and Reservoir Plan, Illinois 

3. Bath County Pumped-Storage Project, Virginia 

4. Keban Gorge Hydroelectric Project, Turkey 

5. Ludington Pumped-Storage Project, t"lichigan 

The project descriptions follow the format stipulated in 
the RFP for the Susitna Project except that the distinction 
betwe~n ~reject Description (Sec~io~ a) and Services Provided 
(Sect~on b) has been made more d~st~nct. We have used Sect~on 
{a) exclusively for the project description. Section {b) has 
been used to describe the exact services performed by the Joint 
Venture participants including specific involvement in project 
planning and completion of electrical power system studies. 

1. GURI HYDROELECTRIC PROJECT 

a. Project Description 

The Guri Project, on the lower Caroni River, Venezuela, is 
being constructed in stages, with an ultimate generating capa
city of 10 ,300-M""w from 20 units scheduled for completion in 
198'6. The initial phase, completed in 1969, consists of a lOO-m 
high concrete gravity dam with rockfill wing embankments, a 
30,000-m3/s spillway, a 960G-m3/s safety fuse plug, and a three 
unit, 580-MW powerhouse. The second stage, completed in 1977, 
consists of an extension of the initial po'verhouse and penstocks 
4 through 10, bringing the total power rating to about 2,000 MW. 
This entailed the construction of a $3,000,000, record size 
cellular cofferdam between unit 3 and the spillway. The final 
stage, begun in 1978, involves raising the existing reservoir by 
52 m, and building an additional ten-unit powerhouse. Staged 
construction; which was planned in the original design, allowed 
a smooth construction sequence in the raising process. 

The dam, when raised to its final elevation, will be 162 m 
high and form a reservoir at elevation 270 m with a capacity of 

C(C)-1 



135,000 million m3 and a surface area of 4250 km2. It will be 
comparable with the largest reservoirs in the world. 

The Caroni River drains 89, 200-km2 of th~: Guayana Shield 
Region in eastern Venezuela. The Lower Caroni River has an 
average annual flow of almost s,ooo-m3/s. At the Guri site, 90-
km from the Orinoco River, sufficient storage is available to 
control almost completely the variable flow of the river. The 
Guri site controls some 97 percent of the flow of the Lower 
Caroni. About 73 percent of the runoff occurs in the wet sea
son, from May through October, while the remaining six-mont:h 
season has only 27 percent. Storage at Guri augments the criti
cal dry season flow. The initial project regulates st.reamflow 
on a seasonal basis and brings the regulated flow to more than 
five times the minimum flow. Analysis of the potential floods 
on the Caroni River has indicated a probable maxirnwn inflow of 
48,000-m3;s. 

Guri concrete structures are found on granitic gneiss of 
the Guayana Shield Area, a stable Precambrian rock mass. This 
very hard rock is being crushed for coarse and fine aggregate as 
there is a lack of natural aggregate and sand deposits. The 
final stage involves the placement of 6,711,000-m3 of concrete 
and 95,242,000·-m3 of fill. The final stage work which is now 
about 35 percent complete will bring the capacity to 3,000-MW by 
1983 and then progressively to 10,300-MW by 1986. 

b. Services Provided -
Harza's involvemnet with Guri began in 1959 and is 

continuing throughout all phases of the project. The follo\'ling 
items highlight the s?ecific services provided by Harza: 

• Review of ea;._;lier studies made by others and determination 
of the hydroelectric potential of the Caroni River. 

• 

• 
• 

• 

Feasibility studies, including power market studies, and 
preparation of a report establishing the general concept 
and economic feasibility of the project. 

An environmental assessment of the final stage project • 

Preparation and analysis of bidding documents for the gen
eral construction, procurement and installation of equip
ment; and analyses of bids. 

Final design and preparation of detailed construction draw-
• 1.ngs. 
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• 

Review of equipment designs as prepared by manufacturers. 

• Engineering supervision of construction which included 
provision of a Resident Engineer and key resident staff. 

• Shop inspection and supervision of testing of equipment 
during manufacture and fabrication. 

• Supervision of final acceptance testE of the project. 

During the period of May 1980 through June 1982, Harza 
served as construction manager for the Guri Project, furnishing 
personnel to direct the construction work and purchasing equip
ment required to keep the construction on track while the client 
was negotiating a change of construction contractors. Harza 
services during this period included field supervision of con
struction activities, such as concrete hatching, mixing, placing 
and fini!:ching. 

c. Dates of Design Work 

Table C-1 
DATES OF GURI DESIGN 

Stage 

Initial 

Second 

Final 

Engineering Design 
Started Completed 

1961 

1970 

1973 

1970 

1977 

19882/ 

Proiect Construction 
ScheJuled Completion 
(Initial) (Actual) 

1968 

1977 

1986 

1977 

19822/ 

1/ Construction began in 1963; original schedule was delayed 
by 18 month work stoppage in ~nid-1968 by construct.ion 
contractor. 

2/ Construction began 1973; original schedule was delayed by 
two year work stoppage in 1976 by construction contractor. 
Four new contracts were negotiated in 1980. Refer to 
Engineering News-Record (29 July 1982) for further details on 
the construction history of Guri. 

d. Project .Location and ownership 

The Guri Hydroelectric Project is located on the Lower 
caroni River, in the State of Bolivar, Venezuela. The Caroni is 
the most downstream right bank tributary of the Orinoco River. 
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The project is owned by the Corporation Venezolana de 
Guayana- Electrificacion del Caroni (CVG-EDELCA). The Alaska 
Power Authority may contact the following individuals for infor
mation about Harza's performance on the project. 

e. 

1. Dr. Rodolfo Telleria v. 
Past General l~lanager CVG-EDLECA, (Up to 1978) 
Present address: 

Plaza Centroal Torre B 
lOth Floor Office A 
Caracas, Venezuela 

Telephone Caracas 283-51-79 
283-63-64 

Telex 28107 

'-· Dr. Efrain Carrera s. 
Vice President and General Manager (1978 to date) 

Present address: 

C.V.G. Electrificacion del Caroni, C.A. 
Direccion Obras de Guri 

Apartado No. 62413 
Caracas, Venezuela 
Telephone Caracas 910-479 

Telex EDELCACS 21650 

Cost of Design Services!/ 

Stage Design Work 
Cost ($ Millions) 

Related Construction Cost 
($ Mill ions) 

Initial 4.4 l3o2/ 
Second 2.5 bJ3/ 

Final 14o4/ 44E.o5/ 

1/ Services performed by Harza 

2/ 
The total project cost including change orders and claims 
paid to construction contractor exceeded initial budget by 
$15 million. 
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• Initial total Dost was estimated at $78 million.. The cost 
overrun v1as due principally to the single bid $42 million 
received for construction and installation which was $11 
million over the engineers original cost estimate of $31 
million. 

4/ This figure includes an estimated $60 million to be billed 
for engineering services between now and project 
completion in 1988. 

5/ In 1978 a contract for $3,750 million was signed for civil 
work and equipment installation. In 1980, it became 
necessary to cancel this contract. In 1980 four new 
substitute contracts were negotiated and raised the 
original costs by $710 million. 

f. Type of Contract 

The services provided by Harza have been billed on the 
basis of cost plus percentage fee. 

g. fERC Lice~sing 

PERC licensing was not required for this overseas project. 

h. Cos~ Control and Scheduling 

Project scheduling in 1961 was based on projected load 
growth in the EDELCA system through 1985. Harza provided EDELCA 
with estimates of cost for the planning and design of the Stage 
I dam, based on man-hour estimates by the design description 
division heads for the tasks to be performed by their work for-
ces. . 

Prior to 1976 when a computer based budget and cost control 
monitoring program was initiated, the division heads recorded 
the man-hours spent on a weekly basis, as the work was per
formed, comparing the aggregate hours spent with the status of 
the work and the total man-hour budget. A similar record was 
kept by the project manager in order to enable him to spot po
tential overspending by individual divisions, or on a given task 
as a whole. Although the system involved considerable input, 
the cost to the project was more than offset by the value of 
keeping the work on track. 

In 1976 the monitoring of man-hour budgets for this as well 
as other Harza projects became the responsibility of an enlarged 
Budget and Cost Control Section, which previously had monitored 
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only billings. Man-hour budget and expenditures henceforth were 
analyzed by ccmputer, with the project manager being provided a 
biweekly printout cf man-hours expended by each section. Used 
in conjunction with the Work Planning and Review form, which 
projects future time expenditures for each task or subtask, the 
management of man-hour budgets by computer has proven highly 
effective. 

2. CHICAGO TUNNEL AND RESERVOIR PLAN 

(major underground project) 

a. Project Description 

The Chicago Tunnel and Reservoir Plan (TARP is the largest 
urban flood and pollution control project ever constructed. It 
will serve the 375-square-mile metropolitan Chicago area \rlhich 
currently depends on an overburdened combined storm and sanitary 
sewer system. Principal features of the project include: 

• 131 miles of 9- to 36- ~t diameter tunnels 180 to 300 ft 
below ground, 

• 252 vertical drop shafts to divert wet-weather flows into 
the tunnels from 640 existing combined sewer overflow out
lets, 

• Three quarried reservoirs of 83,000, 40,000 and 27,000 
acre-ft storage capacity, 

• Two underground pumping stations o~ 710 and 150 mgd capa
city to lift the collected wet-weather flows to existing 
sewage treatment plants or to storage reservoirs. 

Coupled with other drainage improvements, the TARP. system will 
practically eliminate combined sewer overflows to the area's 
waterways and the associated releases of contaminated water to 
Lake Michigan. 

b. Services Provided 

Harza has been continuously involved since 1965 in the 
planning, investigations, design, and construction phas(~S of 
TARP and earlier versions of the plan., The City of Chicago and 
the Metropolitan Sanitary District of Greater Chicago were the 
principal public agencies sponsoring the project. Six consult
ing enginee:r.·ing firms have handled parts of the r11ork. Harza 's 
specific ast5ignments during the early planning and investigation 
phases are outlined below: 
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• Chicago Deep Tunnel Plan 

1965 - Prefeasibility Studies 

1967 Feasibility Studies 

1967 Planning, sUpervision and monitoring of subsurface 
exploration program 

(24 boreholes with laboratory testing and g~ophysical 
logs plus 280 miles of seismic geologic profiles) 

Lawrence Avenue Sewer (one of three Pilot Projects) 

1966 - Appraisal Study 

1966 - Construction Drawings and Specifications 

1968 - Services During Construction 

Harza Services During Planning. In late 1970 the Metropo
litan Sanitary ~1str1ct of Greater Chicago {MSDGC) and the City 
of Chicago joined with officials of Cook County and the State of 
Illinois to reactivate the FloGd Control Coordinating Committee 
which had coordinated earlier studies. The re'\titalized commit
tee appointed a Technical Advisory Committee to direct specific 
engineering for the development and examination of alternative 
plans. Engineers from many public agencies and consulting firms 
participated in a wide array of studies. Earza's specific as
signments during this phase of planning were: 

Northside Tunnel Plan 

1971 - Subsurface Exploration Program 
(70,000 ft of borehole, 48 observation wells, hydro
logic studies) 

1971 - Alternative Tunnel Systems Studies 

Ch~casoland E'lood and Pollution Abatement Plan 

1971 - Benefits/Costs of Pumped Storage 

£hicago Underflow Plan 

1973 - Preliminary Design 6f Storage Reservoirs 

Utilizing the studies by Harza and other consultants, the 
Flood Control Coordinating Con~ittee had by 1972 evaluated the 
cost effectiveness of a series of 57 alternative system plans. 
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The selected al ternati.ve was the one which had been designated 
as the Tunnel and Reservoir Plan or TARPo 

Through this planning phase Harza studies and evaluations 
had covered such topics as aquifer protection, hydraulic optimi .. -
zation of systems, establishment of geotechnical planning para
meters and design criteria, pumped-storage power generation, 
economic analyses, environme~ tal assessment, and financing anal
ysis. Disciplines involved within·the sequence of Harza assign
ments included urban hydrology, hydraulics, sanitary engineer
ing, geology, geotechnical engineering, hydrogeology, and engi
neering economics, in addition to the traditional fields of 
civil, structural, electrical, mechanical and construction engi
neering. 

Ha~za Services During Design: The 1972 report of the Tech
nical M"visory Committee had identified the TARP as a $1.2 bill
ion project{l972 prices). This estimate was based on a 10-year 
construction schedule starting in 1972 with 6 percent annual 
cost escalation. 

In lVJ.ay 1973 Harza received the assignment from the MSDGC to 
confirm and refine the conclusions of the 1972 report of the 
Technical Advisory Conuni ttee. The principal concerns v1ere the 
optimization of the number and location of quarry reservoirs and 
the diameters of t.he resulting tunnels. Harza•s report in Octo
ber 1973 recommended specific sites, locations, and sizes for 
the reservoirs, the 9umping station, and the tunnels. Harza 
also estimated costs and recommended construction of the system 
in two phases for economic, geologic, and construction reasons. 

Phase I, which is primarily for water pollution control, 
eventually received 75% construction grants from USEPA. Phase 
II, which is primarily for urban flood control, remains under 
study by the Corps of Engineers to determine the appropriate 
federal role in urban drainage... Phase II has become the focus 
of a national debate on this issue. 

The reco~nended plan included three majot tunnel and reser
voir systems: 

e Hainstream and Lower Des Plaines area 

• Calumet area 

• Upper Des Plaines area 

In October 1973 Harza began developing preliminary designs 
for the Mainstream Tunnels. This scheme provided for construc
tion of an initial 40. s-mile tunnel along the Mainstream route 
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that extends far enough to intercept all overflow points along 
the waterways. This Phase I system will reduce polluting over
flo\·.rs by 8 5 percent. Phase II was planned by Har za with suff i
cient flexibility that quarried reservoirs and additional tun
nels could increase storage and conveyance capacity to any de
sired level of flood and pollution protection. 

Based on geotechnical factors, the size qf anticipated 
construction contracts, and the scheduling of construction, 
Harza recommended that the Phase I ~lainstream Tunnels be con
structed under eight contracts. 

The MSDGC began final design of the upstream Addison to 
Wilmette contract segment with their own staff. Harza prepared 
the engineer's estimate of construction costs and provided other 
technical support for this design effort. 

Harza was assigned final design o{ the remaining seven 
Mainstream contract segments in three contracts awarded in 1974 
and 1975. A sununary of the major underground structural project 
features designed by Harza is given in Table C-3. In addition, 
Harza designed many connecting structures, and the mechanical, 
electrical, and control systems for the pumping stations and 
other control features • 

SUMMARY OF UNDERGROUND STRUCTURAL 

FEATURES OF TARP DESIGNED BY HARZA 

CHAivlBERS (in limestone and shale) 
2 Pumping stations each 105-ft H X 63-ft W x 213-ft L 

TUNNELS (limestone~ and shale) 
Diameter,£~ Length,ft 

33 44,804 
30 92,420 
20 18,237 
13 6,648 

SHAFTS (limestone and shale) 
Purpose Number Diameter,ft 

Construction 
Access 
Vent 
Drop Inlet 

7 
6 

12 
99 

25 
3.5 

6 to 8 
4 to 17 
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concrete 
partial concrete 

unlined 
concrete 

Total Depth,ft 

1,710 
1,537 
3,203 

25,107 



• Constrnction Contracts Awards: Harza assisted in presenta
tions to funding agenc~es during 1975. The 'rARP project was 
endorsed by the Illinois and u.s. EPA's in mid-1975. Construc
tion grants from these agencies allowed the project to move 
ahead. 

The Addison to Wilmette segment of the Mainstream Tunnel 
designed by HSDGC was the firEt segment bid in October 1975. 
The low bid was 4 percent below the Engineers Estimate which had 
been prepared by Harza. 

Construction contracts for five Mainstream System segments 
designed by Harza were bid between September 1977 and January 
1978. The five bids totaled $480 million. This total was 2.0% 

· ·over Harza's initial estimate and 6.2% below Har~a's final esti
mate.. More details on the bidding of these five contracts and 
that far the Mainstream Pumping Station are given in Table C-4. 

Harza Services During Construction: Since 1978, Harza has 
provided office and res~dent eng~neer~ng services on five of th~ 
Mainstream tunnel construction contracts ~vhich totalled $480 
million. Completion is expected in 1983, about one year ahead 
of schedule, and substantially under budget. 

In October 1979 Harza was awarded a contract to provide 
services during construction of the Mainstream Pumping Station, 
a $261 million proj.ect. In addition to providing office and 
resident engineering services, Har.za is preparing manuals for 
maintenance and operation of the pumping station. 

c. Dates of pesisn Work 

Information regarding specific datEls for TARP is included 
in sections b. and e. of this project description. 

d~ Project Location 

The proj e.ct is located in the Greater Chicago urban area .. 
The Power Authority may contact the following individuals at the 
Ivletropolitan Sanitary DJ..dtrict of Greater Chicago, 100 East Erie 
St., Chicago, IL. 60611. 

Mr. Frank E. Dalton 
Deputy Chief Engineer 
(312) 751-7856 

Mr. Joseph H. Irons 
Supervising Civil Engineer 
(312) 751-5588 
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Table C-4 

SIGNIFICANT DATA 
PROPOSED CONTRACTS 

CHICAGO 'rUNNEL AND RESERVOIR PLAN MAINSTREAM TUNNEL SYSTEJ,VI 

Preliminary Engineers 
Est. Cost.!/ Estimate Date of Construction Length, Millions of Millions Engineers {Phase) Feet Dollars of Dollars Estimate 

-

Low Bid 
Millions 
of Dollars 

59th-Central 
Central-Damen 

(1} 
(1) 

18,804 
26,000 

46.6 85.6 
65.7 116. 2· 

8/77 86.5 
99.0 8/77 

Damen-Roosevelt 
Roosevelt-Ogden 
Ogden-Addison 

(1) 
(1} 
(1) 

171 3l6_g_J 
13,7782./ 
22,614 

61.6 114.4 
38.9 99 .. 9 
51.3 94.2 

9/77 
10/77 

107.8 
102.0 

85e2 12/77 
Mainstream 
Pumping Station (1) 47,733 100.0 249.0~../ 7/79 

Notes: 1/ 

2/ 

3/ 

4/ 

261.6 

Estimated Costs are construction contract costs only. Not included are costs 
for project related services such as administrative, legal, engineering, etc. 
Costs are based on: labor rates from ENR, July 3, 1975; equipment costs from 
Construction Equipment Cost Reference Guide updated to July, 1975; tunnel and 
raise boring machine costs from Manufacturers recommendations; material cost for 
the Chicago area as listed in ENR July 1 1975; and include an escalation factor 
of ~ .. per year applied over ~ assumed 5 _year construction durat1.on period 
starttng July 1975. Connect1.ng structure contracts and costs are not included. 

An additional B, 089 feet of 30 foot diameter tunnel is required for South Fork 
of the South Branch of the Chicago River. Cost for this work is included in the above. 

An additional 6,681 feet of 15 foot diameter tunnel is required for the .Chicago 
River branch to Lake Michigan. Cost for this work is included in the above. 

The Pumping Station Contract as awarded included the 73rd Street to 59th Street 
branch tunnel but was not included in the preliminary estimate. 

······~-----~--~~~---~~~t~~l.\~\ o•·ncn C"J\YI:l'llt:Nt;t: 
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e. Cost of Design Services 

Details of design and construction service contracts be
tween MSDGC and Harza are presented in the following summary and. in Table C-4. 

Contract No: 

Total Funding: 

Subcontracting: 

Period of Performance: 

Record of Performance: 

Contract No: 

Subcontracting: 

Period of Performance: 

Record of Performance: 

Contract No: 

Subcontracting: 

Period of Performance; 

A53103 Supervision of Subsurface 
Exploration Program and 
Design of Tunnels 

(2 segments - Damen to 59th St.) 

$1,328,000 (Cost reimbursable with 
ceiling) 

$33,000 

Dec. 73 to Oct. 76 

Harza met the schedule which was set in 
response to the flow of funds from 
USEPA within the original ceiling 
price" 

A62705 - Design of Mainstream Tunnels 
(3 segments - Addison to 
Damen) 

$782,150 (cost plus fixed fee with 
ceiling} 

$105,900 

July 75 to Sept.77 

Harza met the schedules set periodical
ly as USEPA released funas for the 
yroject. 

A64529 - Design of North Branch Tunnel 

$1,149,240 (cost plus fixed fee with 
ceiling) 

$251,100 

Dec. 75 to June 79 
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Contract No: -
Total Funding: 

Subcontracting: 
. 

Period of Performance: 

Contract No: -
Total Funding: 

Subcontracting: 

Period of Performance~ 

Record of Performance: 

Contract No. 

Total Funding: 

Subcontracting: 

Period of Performance: 

Record of Performance: 

f. ~ype of Contract 

A64485 - Design of ·Mainstream Pumping 
Station 

$2,750,000 (cost plus· fixed fee with 
ceiling) 

$230,600 

Dec. 75 to Sept. 79 

A76421 - Services During Construction 
of Mainstream Tunnel 

$17,000,000 (cost reimbursable with 
ceiling) 

$3,819,000 

Jan. 78 to Jan. 84 

Construction of the tunnels is current
ly ahead of schedule and under bid 
estimates. 

A87267 - Services During Construction 
of Mainstream Tunnel Pumping 
Statioh 

$5,765,200 (cost reimbursable with 
ceiling) 

$824,000 

Oct. 79 to Nov. 84 

Construction of the pumping station is 
on schedule and budget. 

The Harza-MSDGC contracts are either cost plus fixed fee 
with ceiling or cost reimbursable with ceiling, as noted in the preceding summary. 

g. FERC Licensin~ 

Thi~ project did not involve FERC licensing. 
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• h • Cost Control and Sche~uling 
----~ - --.\.---......=... 

Typical of Harza consulting services 1 project work was 
initially schedu*ed by outlihing project work tasks in detail, 
establishing a critical path of task priority and laying out in 
calendar sequence the timing and duration of each task. This 
initial schedule has been frequently revised by the client in 
response to changing situations of the project, financing and 
work scope. 

Cost control is provided by establishing a man-hour budget, 
assigning technical groups and personnel and identifying produc
tion elements for each work task. Each technical group involved 
in a task is assigned a budget linked to specific items of the 
work task they will produce. In this way the budget is con
trolled in relation to work -:terns produced. Budgets are re
viewed every t\vo v1eeks \'lith .Lead engineers in charge of particu
lar work tasks. Computer printouts quickly indicate variances 
from the man-hour budget and production schedules so remedial 
actions can be implemented before any serious problems develop. 

3. BATH COUNTY PUMPED·-STORAGE PROJECT 

a. ~reject Description 

\.fhen completed in 1986, the Bath County Pumped-Storage 
Project will be largest project of its kind in the world. It 
will have an installed capacity of 2,100 MW and reservoirs la~ge 
enough for 11 hours of continuous full load power generation. 
In addi ti:>n to being the largest pumped-storage project in the 
world, the Bath County Project will have the distinction of 
having the highest dam in the United States east of the Missis
sippi River. From core trench foundation to crest level, the 
upper reservoir dam w·ill be 4 7 5 feet high and will create a 
36,500-acre-foot reservoir with 22,500 acre-feet available for 
power generation. 

The project consists of two dam and reservoir complexes 
with interconnecting tunnels and a powerhouse. The lower reser
voir will be formed by a dam on Back Creek, while the upper 
reservoir will be formed in the hills above it, on Little Back 
Creek. The lower reservoir dam will be 135 feet high with a 
total storage capacity of 30,500 acre-feet and its impoundment 
will be approximately 1,000 feet below the level of the upper 
reservoir. In order to maintain and improve the natural stream 
flow characteristics of Back Creek, 3,200 acre-feet of reservoir 
storage will be reserved for minimum releases during periods of 
low flow, and 2,500 acre-feet will be reserved for flood control 
storage. 
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Both dams were designed for zoned earth and rockfi11 con
struction. Spoil from excavation for the tunnels, powerhouse, 
and intake will provide much of the shell material needed for 
constructing the dams. 

Static and dynamic analyses of both the upper reservoir 
and lower reservoir dams have been made using the latest availa
ble finite element methods. The type of computer analyses used 
are essentially the same as those used in the design of. the 
LaHonda Dam of the Uribante-Doradas Project. 

Water conduits, surge tanks, drainage, and construction 
access tunnels constitute a significant part of the construc
tion effort at the project~ More than one million cubic yards 
of rock have been excavated from these underground structures, 
with mast being used as fill for the dams. 

Three 28.5-faat power tunnels will start at the intakes 
on the east side of the upper reservoir. They will run at a 
t\'lO percent slope for an average distance of 3, 600 feet and then 
drop vertically for approximately 990 feet. At the lower level 
they will return to the 2 parcent slope for an average distance 
of 3 1 415 feet. Approximately 1,000 feet from the powerhouse, 
the three conduits will bifurcate into six 18-foot penstocks. 

Shaft-type surge tanks 350 feet high and 44 feet in dia
meter are being provided for eac:h power tunnel to dampen flow 
surges resulting from sudden loa.d rejection or acceptance by 
t~he _generating units. Fo1: aesthetic and structural reasons, the 
surge tanks are located underground. 

Ground stability and the control of seepage and groundwater 
have been major concerns in the design of the Bath County Proj
ect. Becaus~ the steep-sided slopes of the upper reservoir will 
be subjected to daily drawdowns of up to 105 feet, the overbur
den is being removed from portions of the clra\vdown zone to pre
vent slides. This overburden is being used to construct the 
upper dam~~ Drainage tunnels with drain holes encircle the surge 
-tanks to prevent possible seepage from saturating the hi~lside 
rock and causing blowouts. Two additional drainage tunnels ar..·e 
located approximately 150 feet above the penstocks to collect 
ground\tlater· and any seepag"e from the power conduits. These 
tunnels will effectively limit the external groundwater pressure 
on the penstocks to the head differential of 150 feet. 

The Bath County powerhouse is located on the west side 
of the lower reservoir, about one mile upstream from the lower 
dam. The Francis-type pump-turbines have guaranteed pumping 
capacities, at the normal maximum head of 1,270 feet, of 3,000 
ft 3 /sec per unit and at the normal minimum head of 1,10 0 feet, 

C(C)15 



4,100 ft3;sec. Operating heads will range from 1,280 to 1,103 
feet. The maximum total pumping load will be 2,400 ~iW at 21,000 
cfs. 

b~ Services Provided 

Summary of Services: fiarza services include geological 
site studies, FPC licensing and engineering design services 
for civil, mechanical and electrical facilities for all of the 
Bath County Project except switchyard, transmission lines, pub
lic roads and bridges. A number of specialized services also 
v-1ere provided. 

Geotechnical Studies: Harza planned and supervised an 
extensive exploration and testing program, with about 60,000 
linear feet of core drilling, for both geologic exploration 
and location of construction materials. An exploratory adit 
some 900 feet long was excavated. Tests were carried out inside 
the ad it to obtain tunneling and penstock design data, including 
tunnel convergence and deformation measurements, plate bearing 
tests, rock bolt pull-out tests, and long-term studies of the 
stability of the exposed rock. Harza prepared the specifica
tions for these studies and administered the drilling con
tracts. 

Subsurface explo~ation orilling to determine foundation 
characteristics and geologic conditions of project features 
consisted of 146 holes with the cumulative total of 49,502 feet. 
Exploration of riprap and aggregate source areas consisted of 
100 holes with a total of 11,356 feet. In addition, holes were 
drilled for the diversion channel, bridge sites, road reloca
tion, and horizontal drain and seepage investigation. 

Exploratory Adit: The adit was excavated under Harza's 
supervision to evaluate tunneling conditions and to measure 
in-situ p·roperties of the rock mass in order to establish cri
teria for the final design and the construction of the under
ground worksu Field studies included the geologic mapping of 
the tunnel walls, core holes, a shotcr.ete test section, rock 
bolt test section, and a comprehensive program of in-situ rock 
testing. 

The test program conducted by Harza to determine the in
situ properties of the rock mass included: 

1. Tunnel convergence measurements. 

2. Multiple position borehole extensometers. 
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3. Borehole overcoring testso 

4. Plate bearing testEo. 

5. Rock bolt pull-out tests. 

A total of 993 feet of adit was excavated under Harza's 
superv1s1on by Gates and Fox, of Loomis, California, under sub
contract t·.:> Daniel Construction Company, Greenville, South Caro
lina., 

§eophysica! Investigation: Geophysical surveys were imple
mented by Harza in order to maximize the information available 
from the core holes. Downhole geophysical logs were obtained to 
assist in the determination of stratigraphic correlations and to 
provide measurements of in-situ rock properties, st:tch as shear 
and pressure wave velocity, shear, bulk, Young's i"lodulus, poros
ity, density, and Poisson's Ratio. A total of 27 holes were 
surveyed by the Birdwell Division of Seismograph Service Corpo
ration under the direction of Harza, from which temperature, 
caliper, gamma ray, neutron, density, and velocity logs were 
obtained. 

Seismic refraction surveys were carried out by Weston Geo
physical Engineers, Incorporated, to provide data concerning the 
depth and nature of the various soil and rock horizon·s in the 
upper reservoir area. Harza analyzed the geophysical logs to 
establish stratigraphic correlations within the Chemung Forma
tion in the upper reservoir area and to confirm the correlations 
determined from examination of the drill cores·. 

Construction Materials Investigations= A thorough investi
gation has been made·· by Harza techn1cal personnel of the availa
ble earth and rock materials occurring in the project area. In 
these investigations, geologists have assisted soils engineers 
in their search for suitable materials, particularly in the 
search for suitable rock material for riprap and aggregate. 
Rock samples from potential source areas were examined both 
petrographically ano by X-Ray diffraction techniques to deter
mine the rock mineral constituents. 

Environmental Studies: Detailed environmental studies 
were carried out pr1or to preparation of the FPC License Appli
cation, as well as in response to questions raised during the 
licensing process. The baseline studies in preparation of the 
environmental report (Exhibit W of the FPC License Application) 
were done by VEPCO, assisted by several special consultantso 
Some of the more important studies carried out by Harza were: 
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"f • Temperatube and water quality studies of the upper and 
lower reservoirs 

• Sediment control planning for Back Creek and Little Back 
Creek 

• Visual impact analyses for the upper reservoir access road 

• Riffle-pool analyses of Back Creek 

• Planning and designing of recreation facilities 

• Design of a permanent wastewater treatment plant that ser
ves the construction force and will serve the general pub
lic ana the operating personnel after completion of the 
project. 

Harza also provided written testimony for the FPC proceed
ing of the license application. Several Harza technical person
nel functioned as witnesses for the proceedings. 

Project Planning and Power System Studies. The project 
planning tasks carr1edout by Harza were the 1nitial layouts 
of the project site after the site was selected by VEPCO. Harza 
also did the initial sizing and resiz:i.ng of the project facili
ties. Harza carried out the power·system studies needed for the 
economic evaluation of integrating the Bath County facilities 
into the overall VEPCO power system. 

c. Dates ~~ Design Work 

Harza began engineering design of the Bath County Project 
in 1972 with startup planned for 1979. Although initial plans 
called for four units and 1,500 MW of power, subsequent design 
studies led to plans for six units and 2,100 MW. In 1974, the 
owner decided to delay the project and ordered all work stopped 
except for licensing assistance activities. Work resumed in 
1976 in anticipation of receiving a license, which was finally 
~eceived in 1977. Startup was scheduled for the first three 
units in 1982 and for the second three units in 1983. In 1977 
the planned startup was again delayed one year by VEPCO to 1983 
and 1984. In 1978, VEPCO advanced startup to 1982. 

In May 1980, VEPCO again delayed the work for two years 
and rescheduled startup for three units in 1985 and 1986, re
spectively. Ar~ overall schedule of project activities is pre
sen ted belo\v. 

1970-72. Site feasibility studies, drilling, geology, soils, 
environment an¢1 recreation 
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~ 1972-73. Major design phase. 

1973. FPC License Application submitted. 

1974-76. Client temporarily halts engineering design services. 

1977. FPC license approved. 

1977. Site construction activity begins. 

1978. Project construction begins. 

1980-82. Client temporarily halts construction. 

1985. Online service of first three units begins; comple
tion of recreation facilities~ 

1986. Completion of total project. 

d. Proje~t Locatio~ and Owner 

The project is located in Bath County, north-central Vir
ginia. Its owner is the Virginia Electric and Power Company, 
P.o& Box 564, Richmond, Virginia 23204. Persons to be contacted 
regarding the quality of Harza 1 s services are: 

Mr. James M. Hagood, Jr. 

Director of Hydroelectric Engineering 

(804) 771-6103 

and: Mr. s. c. Brown 

Vice President 

(804) 771-3274 

e. Cost of Design Services 

Construction design work was conducted from 1977 to present 
with only a minor amount prior to 1977. Total billings for 
design related work to July 1, 1982 were $16,554,393. Total 
billings, not including exploratory work, were $25,778,408. 
This total includes licensing activity, Services During Con
struction, Resident Engineering, and Special Assignments not 
related to design. 
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~)' Billings for design work, 1975 to July 83 $16,554,393 

Billings for Services Duf:ing Construction 6,068,047 

Billings for Resident Staff 3!011,864 

Billings for special services 144,104 

Total 1975 to July 1, 1982 $25,778,408 

An initial estimate of engineering costs was made in 1977 
prior to the client's most recent delay in the work. The cost 
estimate was revised in 1980 to reflect the impact of delays • 
. The latest cost estimate for engineering including Construction 
Hanagement Service~3 is $43,244,00. We are presently approxi
mately $500,000 uncer this estimate. 

The first cost estimate for the six-unit plant (December 
1972), with startup planned for 1979 r.¥as $469 million. The most 
recent (February 1981) cost est.imate, including all delays and 
cost escalations and with the 1985-86 startup, is $1,651 mill
ion. 

f. Type of Contrac~ 

ell,! Services have been bill~d on the basis of cost plus per-
centage fee. 

g. FERC Licensing 

Harza assisted the project owner in the preparation of the 
FPC license application which was submitted in 1973~ In parti
cular Harza prepared all of the following Exhibits in addition 
to assisting the client in the preparation of other exhibits and 
in responding to questions from FPC regarding the application; 

J. General Map of Project Area 

K. Detail Map of Project Area 

L. General Design Drawings of Principal Structures 

r~. General Description of Equipment and Appurtenances 

R. Proposed Recreation Plan 

h~ Cost Control and Scheduling 

The scheduling of the Bath County Pumped-Storage Project 
has been revised frequently by the client in response to agency 
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actions and load demands. The project presently is on schedule 
for the desired 1985-86 startup. 

Cost control is accomplished by means of annual budgets in 
which each task to be done is seeped and budgeted. Each techni
cal group contributing to the task is assigned budget for their 
part of the work. The budget is controlled by review every two 
weeks of computer generated summaries of time used and work 
produed. Variances are reviewed ,..,i th lead engineers in charge 
of the particular task and remedial actions are implemented in 
budget and schedule objectives as required. 

4. KEBAN HYDROELECTRIC DEVELOPMENT 

a. fFoject Description 

This hydroelectric project is located within the Keban 
Gorge on the Euphrates River, approximately 30 miles northwest 
of bity of Elazig, Turkey, 

The major project features are: The Keban Dam consisting 
of both a zoned earth and rockfill dam and concrete gravity dam. 
The earth and rockfill dam has a maximum height of 690 feet ant! 
volume of 21 million cubic yards. The concrete gravity dam has 
a maximum height of 295 feet and volume of 1.3 million cubic 
yards. The total crest length of Keban Dam is 3 1, 60 6 feet. The 
concrete gravity portion includes the intake, spillway, and 
tran'si tion sections. The intake structure provides a separate 
inlet for each unit with gates suspended by the intake hoists. 
The spillway is a gated structure with a capacity of 477,000 
cfs. There are 8 separate penstocks, 17 feet in diameter. The 
Keban reservoir is about 163 miles long, has a surface area of 
approximately 158,000 acres, and has a storage volume o£ about 
24,330,000 acre-t:eet.. The drainage area for the project is 
approximately 25,000 square miles. 

The fully enclosed powerhouse has eight vertical shaft 
Francis turbines nominally rated at 155 MW at a head of 475 
feet. Total installed capacity is 1,240 MW generating 6 x 109 
kWh average annual energy. Initially the power plant went into 
commercial operation with four 155-MW units. Four additional 
units were installed in 1981. 

The Keban Project represented a major challenge in founda
tion engineering to provide protection against serious geologic 
hazards. The foundation rock consists largely of subhorizontal 
massives of limestone and marble, with some impervious schist, 
which are generally moderately hard and sound. Extensive solu
tion by groundwater created numerous caverns of various dimen
sions in the limestone. Additionally, major faulting and dis-
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placement had occurred in the project area. To successfully 
cope with the underground cavity system, comprehensive subsur
face treatment v1as required to ensure th~ watertightness of the 
foundation and the integrity of the main dam and its appurtenant 
structures. 

The main dam is a zoned rockfill embankment, 690 feet high 
and 2,215 feet in length, having a central impervious core, 
filters and transition zones and a compacted rockfill shell. 
This portion of the dam has a total volume in excess of 
21,000,000 cubic yards. The dam is 36 feet wide at the crest 
and is curved slightly in the upstream direction to en.sure com
pression of the core when the dam deflects under the applied 
load. Both upstream and downstream slopes are 1.85 horizontal 
to 1.0 vertical. The upstream cofferdam is incorporated into 
the upstream shell. Principal features of the embankment design 
are described below. 

The core and the upstream and downstream fine and coarse 
filter zones were carried to sound rock throughout the entire 
foundation. The central impervious core is designed with both 
the downstream and the upstream faces having slopes of 6 verti
cal to 1 horizontal. The core has a minimum \'lidth of 2 6 feet 
increasing uniformly to a maximum width of about 197 feet at its 
base. A continuous grout curtain is provided below the core and 
into the abutments. Fine and coarse filter zones having uniform 
widthe of 13 feet each are provided Ltpstream and downstream of 
the core. In addition, a fine rock zone having a minimum uni
form width of 10 feet is provided between the coarse filter and 
rockfill shell zones. The shell zones consist of compacted 
rockfill obtained by quarrying the limestone at the site and 
have 50 feet ~'lide zones on the upstream and downstream faces, 
reserved for oversized rock. 

The regional geology is quite complex with the oldest rock -
at the site being schists and ma·rble, covered by limestone.. All 
are strongly faulted. Although a wide range of rock competence 
was encountered, underground work for two 50-foot diameter di
version tunnels involving over 380,000 cubic yards of excavation 
and extensive rock treatment was successfully completed Lmder 
the supervision of an Ebasco team of geologists and engineering 
personnel. Rock judged to be competent .was left unlined and 
only the tunnel invert was paved. Other sections were suffi
ciently competent to remain exposed temporarily but required 
concrete lining. In faults and broken rock, rock bolts were 
installed followed by structural steel bents. The steel sup
ports were carried to the spring line wherever the side wall 
rook was competent. Where the sides were broken it was neces
sary to carry the bents down to the invert level. Concrete 
lining was required over substantial sections of the tunnel. 
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The foundation rock is largely made up of limestone and 
marble, with several beds of schists also present. Initial site 
exploration disclosed that the limestone, normally a very compe
tent rock had been subject to solution activity ana that design 
of a reliable grout curtain would be required. To successfully 
cope with this natural underground cavity system, mainly from 
the point of view of establishing a '"atertight cutoff but also 
in some cases to ensure sound structural support, very extensive 
undergound treatment was necessary. Whenever economically fea
sible, every effort was made to avoid adjustments in the loca
tion of surface structures by the application of in-depth treat
ment of the fault zones. For a typical example, studies were 
carried out to determine the effect of a fault zone, up to 100 
feet in width, which closely paralleled a concrete gravity sec
tion and which was located immediately downstream of this struc
ture. Finite element models were prepared for several sections 
of the gravity dam and of the roclc foundation for a v1idth of 450 
feet and depth of 300 feet into the foundation. the finite 
element models were analyzed for water, gravity and earth pres
sure loads to determine foundation and structure stress distri
butions and deformations. The treatment solution adopted in the 
foundation of this gravity section consisted of constructing a 
series of underground foundation struts normal to the axis of 
the dam and downstream of the monoliths to transfer applied 
loads safely to the foundation. 

The most substantial difficulty was that of providing a 
watertight grout curtain. A maze of faults and accompanyiny 
solution caverns and readily erodible fault fill-in materials, 
such as clays, calcite and gravels within the cavernous and 
faulted foundations took more than 390,000 cubic yards of con
crete grout. Most of the grouting was done from an intricate 
network of adits--more than 39,000 linear feet driven to depths 
40 feet below the Euphrates River gorge bottom. In size, most 
adits ranged from 8 x 8 feet up to 15 x 16 feet. The deeper 
adits demanded grouting ahead of the face from higher level 
adits before shooting, to prevent groundwater inflow during 
advances. Recesses excavated into the downstream side of the 
adits allowed downhole exploratory drilling without disturbing 
the mainline work. 

Foundation exploration and grout curtain work moved in 
step. As an exam~1e, approximately 100,000 feet of rotary ex
ploratory holes wer~ drilled from the lowest adit, some of the 
holes extending 650 feet below the adit or almost 1,400 feet 
below the top of the dam. More than 980 feet of 2 to 3 inch 
diameter holes ~1ere drilled from the foundation adits to con
struct the grout curtain. Where the foundation conditions were 
too poor for a grout. curtain to p:t~ovide reliable cutoff a dia
phragm wall was constructed. This type of concrete cutoff wall, 
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after being developed at Keban, has subsequently been used to 
treat similar foundation problems on several other major proj
ects. 

b. Services Provided 

The services provided by Ebasco throughout the development 
of the project included feasibility studies, detailed power 
system and transmission studies, conceptual design, detailed 
design and engineering, procurement, financial services, con
struction management and project start-up. 

c. Dates of Design Work 

Start: 1965 

Completed: 1974 

de. Project location and Ownership -
The project is located within the 1\eban Gorge on the 

Euphates River northwest of Elazig, Turkey. 
owner's Name: Develet Su Isleri - State Water Works 

Government of Turkey 

e. 

f. 

For Contact: Refic Akarum, Chief of Dams Ankara, Turkey 
Bakenlikar, Ankara, Turkey 
Telephone: 90-41-18-1100 

Total Project Cost: 

Ebasco Cost Involvement: 

Type of Contract: 

$458,000,000 

$ 22,000,000 

Cost plus fixed-fee. 

g. fERC Licensing 

FERC licensing was not required for this overseas project. 

h. Cost s_:ontrol ~ Schedulin9 

Project cost control and scheduling activities were accom
plished utilizing a manual system~ '!'his system developed equip
ment schedules indicating when purchase orders were to be placed 
as well as detailed estimates of quanti ties and cost Vlhich were 
used to develop bar charts showing construction activities. 
This manual system has been replaced by a computer aided system 
as described for the Ludington Pumped Storage Project. 
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5. LUDINGTON PUMPED STORAGE PROJECT 

a. Project Descript~on 

The Ludington Pumped Storage Project is the largest faci
lity of its type in the world a It is located on the Michigan 
Lower Peninsula on the east shore of Lake Michigan, which is the 
lower reservoir for the plant. It was awarded ASCE's "Outstand
ing Civil Engineering Achievement Award" in 1973. The Project 
consists of an 82,000 acre-foot upper reservoir, an intake 
structure, buried steel penstocks, a six-unit powerhouse with a 
total capacity of 1,872 lvlW, lakefront protection and a 345-kV 
switchyard. 

The 2.2-mile long by 1 mile wide upper reservoir with a 
gross capacity of 82,000 acre-feet is contained within a six
mile-long emban~nent constructed of over 37 million cubic yards 
of fill averaging 103 feet in height. Inside slopes of the 
embankment are faced with 535,000 tons of hydraulic asphalt 
concrete and the bottom of the reservoir is lined with a clay 
blanket on a pervious base 800 feet above bedrock. 

The six unit intake structure was designed with the help of 
extensive model studies to minimize the effect of 20 feet per 
second discharge velocities exiting from the penstocks in the 
pumping mode and to avoid energy reducing vortices in the gene
rating mode. The six steel penstocks va~y in diameter from 28.5 
feet to 24 feet and have a total weight of 17,000 tons. For 
esthetic reasons the penstocks were buried to permit an uninter
rupted view of the bluff above Lake Michigan. 

The powerhouse is a semi-outdoor type 600 feet long by 120 
feet wide and extends 85 feet below lake level. This structure 
which is supported on a dense clay, required over 220,000 cubic 
yards of -concrete and 10,000 tons of reinforcing steel. The six 
pump-turbines and generator-motor units are the largest ever 
constructed in both power and physical size. They are each 
rated at 312 MW, 450,000 hp, an inlet diameter of 24 feet, run
ner diameter of 27.5 feet and a generator-motor diameter of 69 
feet. A 350-ton station gantry crane services the units. 

Lakefront protection consists of two jetties extending 
1,600 feet into the lake and a breakwater 1,850 feet long, 2,700 
f~et from and parallal to the shore. Extensive model testing 
was utilized to determine location, shape ana height of jetties 
and breakwater to insure pro teet ion of the powerhouse against 
high waves and to prevent scour as the units discharge up to 
80,000 cfs. 
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b. Services Provided 

Ebasco perfot·med the preliminary feasibility studies, li
censing, design engineering, procurement, and construction man
agement of the entire Project and actual construction of select
ed portions of the project as discussed below. 

Scheduling. The Ludington Project was constructea on an 
extremely tight schedule. Close coordination of design and 
construction was required to effect completion of the dike and 
powerhouse in a relatively short construction period of three 
years and four months. An early result of this planning effort 
was the decision to design and build a two-stage powerhouse 
which permitted early completion of exterior walls and slabs •. 
Erection of the turbines and generators as well as placement of 
the second stage concrete could then be accomplished under a 
temporary roof without delays due to weather. 

Selective winter operations were also planned in order to 
meet schedule objectives, and mitigate the deterimental effects 
of the weather in Northern Lower Michigan. Excavation and de
livery to the site of 2.5 million cu. yds. of clay permitted 
placement to proceed in the spring when thawing road conditions 
caused severe restrictions on axle loadings. Similarly adequate 
quantities of aggregates were stockpiled during the fall, before 
deliveries by bulk lake carriers \vere hal ted by ice, to permit 
placement of 50,000 cu. yds. of concrete during the worst of 
the winters of 1970-71 and 1971-72. The 180 cu. yds. per hour 
batch plant was winterized and provisions made to heat the 
aggre~~te stockpiles and mix water by the concrete supplier. 
Exterior forms were insulated, and protective enclosures heated 
by steam were installed at the powerhonse to maintain optimum 
curing temperatures during cold weather. A concrete laboratory 
at the site handled field sampling and other tests needed to 
insure tight quality control~ Fly ash was employed to improve 
workability and reduce ~ement quantities. 

Test Fill Program. Bxtensive soils testing preceded and 
continued throughoutthe c,"Jnstruction period focusing mainly 
on the construction of the embanlqnent and lining to develop the 
"method type" specifications employed and t.o ensure that the 
earthwork contractor fulfilled the specifications for the em
bankment and reservoir·e The heterogeneity of the soils made it 
impractical to rely on a performance specification. Therefore, 
an extensive test program that was undertaken to develop relia
ble method specifications determined the most suitable compac
tion equipment required for each of the four zones, the thick
ness of each layer, the number of passes, speed of machine and 
the optimum mositure content. 
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Numerous Consultants and Subcontractors. Because of the 
pioneering approach to the desigri and construction of the proj
ect, many consultants and laboratories were employed to assist 
in analyzing soil conditions, developing rigid specifications 
for dike fill, the asphalt dike liner and the clay reservoir 
lining. Twelve consulting engineers and about 25 subcontractors 
were i11volved in these testing and laborat:ory programs. Actual 
construction was performed by about 60 subcontractors except 
that Ebasco placed all the concrete and installed the mechancial 
equipment and piping systems with its own forces. 

Foreign Procurement, Vendor Ql!~li ty Assurance. (VQA) . and 
Exped~t~ng. Much of the equJ.pment .tnstalled on thJ.s proJect was 
provided from foreign sources for either economic reasons or 
because it was not manufactured in the U .. S.A. The turbines and 
generators were furnished by Hitachi. Resident inspectors were 
stationed in Japan during the fabrication and factory assembly 
of these huge machines, maintaining close surveillance of the 
entire manufacturing and quality control procedures. The ten 
main power transformers were furnished by ASEA in Sweden and the 
generator-side air blast breakers were fabricated by Brown 
Boveri in SwitzE~rland. Although not in full time residence at 
each factory, Ebasco's specialized electrical VQA inspectors 
stationed in Europe made frequent visits and witnessed all re
quired tests before the equipment was released for shipment. 
Ebasco•s Traffic and Expediting Department also made major con
tributions in assuring the safe and on-schedule delivery of 
those pieces of equipment that often were on the critical path 
to trial operation of each unit. 

c. Dates of Design Work 

Design and preparation of FPC License Application started 
in 1967. Drawings and specifications were completed in 1971. 
Construction was completed in 1973. 

d. Proj~ct Location and owner 

The project is located on the east shore of Lake Michigan 
about four miles south of the town of Ludington, Michigan and 4 7 
miles north of Muskegon. It is owned jointly by Consumers Power 
Co. and the Detroit Edison Co. For additional information, the 
Alaska Power Authority may contact: 

Mr. c. R. Bilby, Vice President 
Consumers Power Company 
212 West t1ichigan Avenue 
Jackson, Michigan 49201 
(517) 788-0550 xl515 
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e. Cost of Design Services 

Engineering and design services were performed at a cost of 
approximately $16,000,000. Initial estimated cost and actual 

· cost of the project: 

1967 

1970 

1973 

FPC Estimatr; 

NY Estimate 

Final Cost 

f. Type of Contract 

Cost plus fixed fee~ 

g. FERC Licensing 

$176,000,000 

220,300,000 

239,084,000 

Ebasco prepared all drawings and technical exhibits for 
the FPC application, provided expert witnesses at the public 
hearings and analyzed all FPC stipulations.. We were successful 
in persuading FPC not to require a concrete spillway for the 
Upper Reservoir, althoug·h we did provide a small fuse plug spil
lway in a natural drainage channel. 

h. · fpst Control ~..n:~ Scheduling 

At the time ·that engineering and design activities were 
being performed for the Ludington Project, Ebasco did not 
utilize an earned value type of cost and schedul~ control system 
such as they cur~ently employ. The Ludington Project did, 
however, ~se a computer-based cost control system which relied 
on a ProJect Cost Engineer and Project Planners to support the 
management of technical services functionsv 

At the start of the project, a three-page detailed bar 
chart schedule was d(:veloped as a baseline master schedule. 
Frov, this, a CPM w·as established for engineering, con~truction 
an~ startup services, all of which were provided by Ebasco. The 
CPM was computerized to facilitate its regular update. Using 
the CP.M, specific dates for task start and finish were 
identified to the lead engineers in each discipline. The lead 
engineers, then ueveloped manpower projections on a discipline 
basis, to complete the total project, making a correlation 
between task requirements in m~npower terms and schedule dates. 
This information was fed into a computerized manpower control 
system~ Each month, a printout was sent to the Project Cost 

C(C)-28 

j 

•'Li' "" ,4).a;,>.«,';. 

. ,~~J:«"~r --~~- .~ ""~··· 
..... , 



.<~'\ Engineer and each Lead Discipline Engineer {LDE) \·lhich provied-
.~ ed, for each discipline: 

\ 

j) 

• Actual workdays expended for the month 

• Forecast for the month 

• Variance for the month 

• Accumulative workdays expended on the project 

• Forecast for the next year on a monthly basis 

• Forecast for subsequ~nt years to complete the project 

• Total budget for the project (discipline) 

• Variation between actual expenditures plus forecast work
days to complete and approved budget 

The LDE and Cost Control Engineer would, each month, work 
together to assess the reasons for project variations and update 
the cost report. The cost control data was included as part of 
the monthly report. 

In addition to the cost update, the LDE would work with the 
Project Planner to identify actual .start/finish dates relative 
to CPM requirements.. His input would be assessed and any pro
blems or potential problems caused by delays were identified. 
Corrective action plans were then developed to assure that 
schedule dates were met. 

Capital cost was controlled through the development of 
monthly cost reports and quarterly updates which comp&red the 
latest cost projections with the most recent estimate bf capital 
cost. This was also the first hydroelectric project which ac
cumulated and maintained accounting records and cost report 
information on a jobsite computer, Detailed backup for the cost 
reports included monthly printouts of each class of concrete 
with unit prices and manhours for the individual components 
(e.g. forms 1 reinforcement, embedments, etc). The system proved 
to be of great value in maintaining close control of the con
crete operation. Table C-5 tabulates trial operation and com
merical operation dates which were scheduled in 1968, demon
strating the success Ebasco had in controlling progress. 
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Table C-5 

LUDINGTON PUMPED STORAGE 

CONSUMERS POWER COMPANY & THE DETROIT EDISON COMPANY 

Completion Schedule 

Trail Operation Commerical Operation 

Unit # Schedule Actual Schedule Actual 

1 11-01-72 11-18-72 01-03-73 01-17-73 
. 2 02-01-73 02-23-73 03-01-73 03-15-73 

3 04-01-73 04-12-73 05-08-73 04-28-73 

4 06-01-73 05-29-73 06-25-73 06-11-73 

5 08-01-73 07-27-73 10-01-73 08-06-73 

6 10-01-73 09-18-73 11-30-73 09-28-73 
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• C (i) EXPERIENCE IN COLD REGIONS 

Susitna design concepts must be developed which are appro
priate to the subarctic conditions at the site. For example, 
foundation treatment of the left abutment of the Watana Dam must 
consider the presence of permafrost. The thawing of the perma
frost by the reservoir during project operation will affect 
seepage through the abutments and possibly foundation deforma
tion. The severe weather conditions and the discontinuous per
mafrost in borrow areas are factors which will affect the sched
uling of dam construction and the specific use of materials in 
the dam. The glaciation that occurred during recent geologic 
history has left relict river channels on both banks backfilled 
with tills and outwash. 

Prior to project construction, the ongoing site investiga
tions must be planned and conducted with full knowledge of the 
site climatic conditions. 

The Joint Venture, its subcontractors and consultants have 
extensive experience in working in subarctic climates and at 
sites subject to glacial effects. 

Harza Experience -
Harza has been working in a subarctic environment continu

ously for the past 25 years. This work has been primarily in 
Iceland where Harza has successfully executed three projects: 

• Burfell Hydroelectric Development 

• Thorisvatn Lake Diversion 

• Hrauneyjafoss Hydroelectric Development 

The activity in Iceland has provided full knowledge of the engi
neering and construction problems resulting from severe weather 
conditions. 

Burfell Hydroelectric:, Development 

Harza's work began in Iceland in 1957 with planning, engi
neering and economic studies that supported subsequent decisions 
to proceed with the Burfell Project~ Extensive field investiga
tions1 carried out from 1959 through 1965, included topographic 
mapping, overburden soundings, diamond core borings, permeabili
ty testing, ground water measurements, locating and testing 
sources of natural construction materials, geologic mapping, 
hydrographic surveys, hydraulic measurements, route reconnais-
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sance for roads and transmission lines, driving an exploratory 
tunnel, ice investigations, and meteorological observationso 

The Thjorsa River is a glacial river and carries a con
siderable amount of bed load in the form of basalt sand, light
weight volcanic cinders and pumiceo Unqiue ice problems are 
also present in the river and had to be contended within the 
design of the intake for this run-of-river project and its 
spillway. 

The major ice problem is represented by sludge ice. Frazil 
ice is formed on the broad, shallow, frequently braided but 
swiftly flowing reaches of the river upstream of the site and 
particularly in an upstream tributary. The flow can be as much 
as 1500 cfs or more of loosely packed ice. Additionally, ice 
bridges form upstream. They are formed by a combination of 
floating sludge ice, anchor ice and cake ice. These partial 
dams create backwater and resulting head until the pressure 
produces a rupture and consequent floods downstream which are 
called "step bursts" which could reach a peak of 20,000 cfso 

The solution adopted, after extensive hydraulic models 
studies in the River and Harbour Research Laboratory at the 
Technical University of Norway at Trondheim, was designed to 
reduce, insofar as feasible, the effects on ice and bed load on 
povler g1eneration. Reservoir storage at Burfell to solve the ice 
and bed load problems was ruled out by economic reasons.. The 
layout briefly consists of a diversion dam with a spillway con
sisting of four fishbelly flop gates and a section of uncon
trolled spillway with flashboards to pass normal flows as well 
as "step bursts". 

~ diversion inlet structure to the right of the spillway 
was designed to pass the flow containing the bed load as well as 
the ice skimmed from nea.r the surface of the water on downstream 
while permitting the mid-depth water to pass into the power 
canal to the units. This structure requires sluicing water or 
"waste ~'later" to transport the ice and bed load downstream. The 
quantity of sluice water varies with the time of year. It was 
also necessary to include a gate control tower on the diversion 
inlet structure to permit gate operation in advance of "step 
bursts". The gate control to\'ler is only manned during the 
winter, when "step bursts 11 occur. A warning system located 
upstream alerts the operator to the "step burst" flow. 

It was acticipated at the time of design that a reservoir 
would be constructed upstream of Burfell at the confluence of 
the Tungnaa River. This upstrerun reservoir is now under con
struction; it will eliminate the ice problems at Burfell and 
reduce the bed load transport. 
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• A paper presented before the American Society of Civil 
Engineers 19th Hydraulic Division Conference in Iowa City, Iowa 
August 18-20, 1971 titled "Ice Passing Facilities at Burfell · 
Projectn and authored by c.. K. Willey is included in this sec
tion. It describes in detail this solution for the bed load and 
ice problems. 

Harza provided complete engineering and design services, 
prepared contract documents for construction and for procurement 
of all equipment, and provided a r-esident staff of engineers and 
technicians during construction. Project construction began in 
1966," and was essentially complete in 1969 when first commercial 
operation of the units commenced. 

Thorisrvatn Lake Diversion 

During the early 1970 1 s Harza, in association with Iceland
ic partners, provided complete exploracion, engineering, design 
and construction surveillance services for the Thorisvatn Lake 
Diversion. The diversion of Thorisvatn includea construction of 
two dams, canals· leading both to and from the lake and control 
structures. The successful completion of the lake diversion 
project has provided a substantial increase to the energy output 
at Burfell. 

Hrauneyj afoss .Hydroelectric Project 

Feasibility and planning studies for the Hrauneyjafoss 
Hydroelectric Project began during the early 1970's. Detailed 
mapping, exploration of foundation and borrow sources, pump out 
tests, hydraulic modelling, and route studies for access roads 
and transmission lines were conducted. The potential for leak
age from the reservoir through highly permeable scoriaceous 
basalt and through mixed ash, sand and gravel interbeds between 
the basalt flows was studied extensively. Foundation treatment 
consisted of deep core trench excavation, dental concrete, and 
extensive grouting~ 

Construction at Hrauneyjafoss began in 1977 and was essen
tially complete in 1981, when reservoir filling and first com
mercial operation of units began. Evaluation and analysis of 
the data from piezometers, observation wells and weirs has shown 
that the foundation treatment for the dam and Jikes was success
ful. 

Other Experience 

At the Mossyrock Hydroelectric Project in Washing·ton, as at 
Watana, the action of glaciers forced the shift of the river 
from channel to channel, leaving behind a series of till and 
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outwash filled bedrock valleys. At Mossyrock, as will be the 
case at Watana, the selection of the relict channel treatment 
demanded careful analysis of the stratigraphy of the several 
till and outwash layers and of the potential for seepage, piping 
and instability of the till slopes exposed to the reservoir. 
Seismic refraction surveys, in-si t1.:: permeability tests, ground
water observations, and sampling and testing of the various 
strata were required to provide input to the hydrogeologic 
analysis of the relict channel and to the seepage and stability 
studiesa The results of the field and office studies led to the 
selection of a drainage curtain as the most appropriate relict 
channel treatment. The curtain consisted of six-inch-diameter 
wells, spaced 20 feet on centers, constructed through the till 
and outwash. The wells were connected to a drainage adit so 
that seepage flows attracted to the system were carried down
stream by gravity.. The performance of the drainage system was 
monitored by a network of observation wells, which provided the 
data needed to evaluate the hydrogeologic regime both before and 
after reservoir filling.. The treatment was completely suc
cessful. 

In addition, Harza has been selected by APA to execute 
three of its projects. These involve the engineering and design 
of the Black Bear Lake Hydroelectric Project, the feasibility 
study of the Chester Lake Hydroelectric Project, and the assess
ment of energy a.lternatives for the Bethel region. These acti
vities add t6 our growing experience in cold weather regions~ 

Ebasco Experience 

Ebasco has performed engineering, design aqd construction 
services on power stations in cold regions for the past 20 
years. This work has been primarily in the northern states of 
Michigan, Minnesota and Montana. Three projects are noteworthy, 
where extremely cold weather·conditions were a significant fac
tor in the design and construction. 

The Ludington Pumped Storage Project in Michigan and the 
Clay Boswell Steam Electric Station in Northern Minnesota are 
exposed to extr~nely cold winter conditions. Ebasco's engineers 
and constructors had to schedule the large earth moving opera
tions with regard to cold weather precautions. The earth struc
tures were protected by loose sacrificial lifts and berms which 
were removed prior to the next season's work. Another signifi
cant consideration was cold weather concreting, which involved 
special design mix precautions as well as special placing and 
curing techniques. Heating and thawing of frozen ground prior 
to placing foundations was common in order to maintain construc
tion schedules in temperatures of 15° to 25°F below zero. 
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The Noxon Rapids Hydroelectric Project in I'1ontana was de
signed and constructed by Ebasco and involved construction of 
large concrete gravity dam structures in extremely cold winter 
conditions. A particularly noteworthy aspect of this project 
was the existence of a relict river channel buried in the gla
cial formations upstream of the dam. This relict channel, very 
similar to that at Watana, was instrumented and treated. · 

Ebasco also has designed and analyzed various large mine · 
tailings dams and \va ter recovery systems for a taconite fac i 1 i ty 
in northern Minnesota. On occasion the temperature at these ··· 
locations drops below -40°F and these facilities have in-cor
porated functional design and construction methods to take care 
of low temperatures. 

In Alaska, Ebasco has performed geotechnical design and 
foundation engineering with respect to the installation of a 
gold mining and processing facility at the old Independence Mine 
near the Susitna Project Site. This work was performed for 
ENSEARCH Exploration Company which is the owner and operator o.f 
the facility. 

With respect to studies and cold reg ion engineering re
quired for arctic and subarctic conditions, Ebasco has performed 
two ~ignificant works: 

The first is a thorough review of the James Bay Project in 
Northern Canada, This study involved site visits by Ebasco 
engineers and rev iev~ of the feas ib il i ty of treating the numerous 
channels, dams, dikes and powerhouses as well as the preferred 
sequential development of the vast project. 
In this review Ebasco recomme·nded to the James Bay Corporation, 
the preferred method and sequence of development for the Project 
with recognition of the Arctic conditions and their effect on 
the constr.uction and on the economics of the work. The present 
development, now under construction, is the scheme recommended 
by Ebasco. 

The other project is the recently performed independent 
cost review of the Susitna Project performed for the Power Au
thority. This study and cost evaluation also involved site 
visits by Ebasco's engineers and discussions of the design, 
engineering and construction methods necessary to sucessfully 
engineer and construct the Project under tl1e conditions found at 
the Watana and Devil Canyon sites. 

~arding Lawson Experience 

Harding Lawson Associates (HLA) has provided geotechnical 
engineering services throughout the State of Alaska for over 12 
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.~) years. Their serv'ices include investigation of soil and perma
frost conditions, using both drilling and geophysical tech
niques, installation and interpretation of instruments for ob
serving temperatux~e, ground water, settlement and deflection, 
and inspection and monitoring of foundation and embankment con
struction. The following proj~ct list indicates the range and 
scope of work provided. 

.; 

Rock Island Develc.prnent Project 

The work was performed in the summer o£ 1981 and the winter 
of 1981-82, for. the Exxon Company, U.S.A. HLA provided geotech
nical criteria for the conceptual design of this first oil and 
gas development in the Arctic Ocean'!' Their services included 
both onshore and offshore soils investigation~ using Rolligon 
and barge mounted drilling equipment and onshore and marine 
geophysical techniques. Of special interest was the marginally 
bonded saline permctfrost soils encountered offshore. An exten
sive laboratory testing program tvas performed including conven
tional unfrozen soil tests and frozen thaw-strain, strength, and 
thermal conductivity testing.. Analysis was performed for pile 
design in both onshore and offshore permafrost, fill material 
sources, strength and deformation characteristics of both frozen 
and unfrozen embankments, thermal properties of the soils, pipe
line protection from sea ice and thaw settlement studies. Engi
neering services amounted to $3,000,000. 

Seal Island Exploration Site 

This project was performed in the winter of 1981-82 for the 
Shell Oil Company. The 60-foot high island was constructed in 
40 feet of· water and involved about 600,000 cubic yards of fill. 
During the placement of the fill, HLA monitored fill quality and 
ice content ana resulting fill density. Following completion of 
the fill placement, we instrumented the island with slope indi
cators, thermistor strings, and borehole extensometers to moni
tor lateral deflections, temperatures and settlement. HLA's 
billings were $200,000. 

Barrow Utilidor System 

This work for Frank Moolin & Associates began in 1978 and 
is continuing. The object of HLA's work has been to provide 
soil and permafrost engineering services for the design and 
construction of a buried, walk through, city-wide, warm utilidor 
system. We investigated the soil and permafrost conditions, 
which consist of high ice content permafrost containing consid
erable brine zones. Analysis included evaluation of backfill 
materials, thermal analysis for design of insulation systems, 
and pile design for both cold and marginal permafrost zones. 
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1:;~-~ Harrison Ba:t: Regional Study 

The objective of this study, performed in 'the winter of 
1981 - 82 for five petroleum companies, was to develop geotech
nical data for the cost evaluation of oil and gas leasing. 
Using on-ice drilling and cone penetration equipment, HLA inves
tigated the offshore soil and permafrost conditions to identify 
material sources and foundation conditions for the construction 
of petroleum exploration· facilities. The remote field investi
gation required the development of an on-ice camp, Roll-A-Gon, 
helicopter and fixed win~ ~upport equipment. 

EBA Engineering Consultants Ltd Experience 

EBAts staff have a Br6ad background in operating on 
Canada's frontiers, in both a physical and a technical sense. 
This is based on more than a decade of Arctic onshore experience 
and more than five years of offshore experience. 

They have extensive·experience in the geothermal analysis, 
the design of structures on temperature-sensitive soils, the 
development of subsurface investigation techniques in arctic and 
marine environments, and the development of advanced laboratory 
facilities and data monitoring systems. These pLocedures have 
evolved in large part through the firm's participation in major 
natural resource development projects and the design of arctic 
offshore structures. 

EBA has provided geotechnical consulting services for a 
var-iety of terrestrial arcti·~ projects. The projects have in
cluded site investigations and engineering analyses for major 
proposed pipelines, compressor stations, tailings dams, munici
pal projects, and communications towers. Locations span the 
arctic region from Point Barrow, Alaska to Frobisher Bay, Baffin 
Island. EBA has been responsible for planning and executing 
field programs to collect geotechnical data and following 
through with engineering design for these projects. 

EBA's involvement in northern prcjects since 1969 has re
sulted in the development of some innovative solutions for prob
lems unique to permafrost regions. These innovations include 
the following: 

• 

• 

Modification of the CRREL ice coring auger for sampling 
frozen soils. 

Adaption of a high frequency vibratory drill for use in 
extensive sampling programs in permafrost soils. 
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• Development of reliable instrumentation for monitoring 
ground temperatures. 

• Development of a computerized data bank for storage and 
retrieval of borehole and laboratory data. 

EBA has been instrumental i.n the development of: a two-di
mensi9nal, finite elernent comput,<:r program to model heat trans
fer processes associated with the aggradation or degradation of 
permafrost,_, This analytical tool has found extensive applica
tion in assessing the behavior of heated structures found on 
frozen soil 6 such as: 

• ~ou,ndation designs incorporati.ng heat pipes or ventilation 
systems 

• Instrumentation and analysis of a gas pipeline test facili
ty 

• Thel'1ilC:Ll analysis of road and railway fills 

• Evaluation of the settlement and frost heave potential of 
pipelines in permafrost, and a buried oil production system 
at Norman Wells, N.W.Ta 

., EBA will analyze the effects of construction, the reservoir 
and project operation on the permafrost in the dam abutments and 
foundations. In addition, because of their experience and capa
bility in the instrumentation, sampling and testing of frozen 
soils, their assistance will be required for the detection of 
permafrost in borrow areas, the evaluation of the ~~ffects of 
permafrost in materials utilization, and the study of methods to 
thaw ground ice prior to grouting. 

Frank M.oolin & Associates Experience 

Design experience of Frank Moolin & Associates, Inc.,(FMAA) 
encompasses various projec.ts located in the arctic and subarctic 
regions of the Stat~ of Alaska. These projects total approxi
mately $350,000,000 in value. Projects range from those de
signed for construction on continuous permafrost at Alaska's 
northern most city of Barrow, located on the Arctic Ocean, to 
those d~signed for construction on discontinuous permafrost at 
other locations, or on no permafrost at the southern city of 
VaJ.dez, located on Prince William Sound, 

FMAA's arctic and subarctic design experience covers three 
major areas: 1) Design only projects, 2) Design and project/con
struction management projects, and 3) project/con-struction 
management projects that include design review responsibility. 
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I Design Only Projects 

.: 

Alascom Earth Station, Prudhoe Bai• FMAA provided complete 
design services for th~s satellite communications complex. The 
design involved civil/site design, foundation design for a 13-
meter satellite antenna structure, and a 150-ft. high communica
tions tower, as well as the complete architectural, structural, 
mechanical, and electrical design for the communications opera
tions building. A pile type foundation was used and special 
c~nsideration was given to thermal balance because of heat gene
rated by electronic equipment* 

B. J. Hughes Multi-Use-Facility, Prudhoe. Bay. F~lAA pro
vided-complete design services for a 40,000 sq:-ft. multi-pur
pose facility. The facility houses a dry-mix concrete bulk 
plant, a heavy equipment maintenance shop, a wash rack, special
ized drilling equipment, offices, parts storage and break rooms. 
Because of extremely heavy load conditions, a unique geotechnic
al (foundation) design was required to be integrated with struc
tural and thermal design considerations. The outcome was a 
design that included a freeze back system for the foundation. 
The project utilized a fast-track design approach to allow the 
client to construct the facility in a minimwn of time. 

Design and Project/Const:t;'uction Management 

Barrow Utilities System, Barrow. The largest project that 
FivlAA TS'"'currently working on is design and projectjconstructia~1 
management for the Barrow Utili ties Sys tern. The project con .... 
sists of designing a complete water and sewer system for popula
tion use of over 5,000, and performing project/construct-ion 
management services from inception to completion of the project 
scheduled for 1985. 

Unique design concepts were utilized to ensure safe, reli
able construction of the system in con tinuou~-, permafrost. The 
system consists of a man-sized, below-ground wood utilidor, 
connecting service utiliducts, lift stati'">ns, a water distribu
tion plant, and elevated and buried arcti~ pipelines. This 
project is state-of-the-art: a system of this type has never 
before been constructed in continuous perm~frost. It requires 
detailed geotechnical and thermal design analysis and testing to 
ensure that thermal balance is maintained in the utilidar and 
other facilities in an energy efficient manner to obtain optimum 
operation of the system and to prevent degradation of the perma
frost. Other design factors considered were the use of local 
labor for construction and the need for high reliablility and 
maintainability because of the harsh arctic environment and 
remote location, 
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FMAA also is providing all project/construction management 
service for the project including field engineering, quality 
control, inspection, project control (cost and scheduling), 
contract administration, logistics support, site construction 
management and home office design support. 

Design Review and EEoject/Constructio~ Management. 

Container Terminal and b"loating Dock, Valdez. FMAA is 
provided complete project/construction management services for 
this facility, including design review. FMAA serves as an ex
·tension of the Engineering Department of the City of Valdez. 
The facility consists of a 21-acre aredged and haul filled mar
shalling yard, 1500-ft causeway and 1500-ft trestle on piles, 
700- by 100-ft concrete floating dock 1 dock mooring and anchor
ing system, and two 200- by 32-ft steel span dock access ramps. 
The floating dock is the largest prefabricated concrete floating 
dock in the world. FMAA reviewed all structural, geotechnical 
(civil) and electrical designs for this project, as well as 
materials, constructibility, contract and specifications compli
ance. 

Municipalitx of Anchorage Capital Improvement Projec~, 
An"Chorage. FV--1AA is prov ld 1ng comprehens ~ ve project management 
services for multiple capital improvement projects within the 
Municipality of Anchorage, including design review. Major proj
ects include a new headquarters library, a significant expansion 
of the existing historical and fine arts museum, and olympic 
size swimrning pool, and other projects. FMAA's services include 
architectural, geotechnical, civil and structural design review 
as well as review for constructibility and value engineering. 

Their knowledge and skills will be used during site inves
tigations for logistic support, for permitting and for manage
ment scheduling and cost accounting of the several site investi
gation contracts. In addition, management services by Frank 
Ivloolin and Associates will be required for the design subcon
tracts for the non-technical facilities. 

Special Consultants 

The Joint Venture will draw upon the experience and exper
tise of various consultants for additional support in cold re
gions engineering and design: 

• Dr. R. B. Peck - outstanding experience in the design and 
construction of major dams in cold regions. Dr. Peck's 
experience on Churchhill Falls, James Bay and the Susitna 
feasibility studies is well known. 
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R. w. (Tink) Martin - expertise in constructibility anal
yses, materials usage, cost estimating and scheduling. 
Tink Martin was responsible for the scheduling and perform
ance of all civil related construction activities in Sec
tion II of the Trans-Alaska Pipeline and/ more recently, 
was responsible for the management and direction of all 
construction projects for Alaska International Construc
tors. His expertise will be used in relating scheduling, 
materials usage and constructabi!ity. 

Dr,. w. G. Nelson - expertise in Arctic engineering and 
design.- Prof. Nelson's background includes consulting 
services to government and industry and the teaching of 
Arctic Engineering at the University of Alaska .. 

E. F. Lobacz - extensive experience in cold regions engine
ering and construction. As past Chief, Civil Engineering 
Research Branch, Cold Regions Research and Engineering 
Laboratory (CRREL), Corps of Engineers, Mr. Lobacz devel
oped a broad background in foundations, dams, pavements, 
and materials in cold regions. He is familiar with current 
civil engineering design and construction practices in cold 
regions throughout North American, Europe and Asia. His 
expertise will be used for review of design of the non 
technical facilities. 
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C (j) FERC Licensing Exp~rience 

A list of projects for which the Joint Venture has provided 
FERC licensing services during the last 15 years is provided in 
Table C(j)-1. A substantial discussion of FERC licensing 
experience during the last five years was provided in the State
ment of Qualifications submitted to the Alaska Power on June 3, 
1982~ That discussion describes, in detail, the complexities of 
the licensing process for the following projects; 

Kootenai River Hydroelectric Project (#2752) 
Davis Pumped-Storage Project (#2709) 

Project 

Harz a 

Black Bear Lake 
Jim Falls Hydro 
Redevelopment 
Boundary Addition 
Sullivan Creek 
Rays town 
Brumley Gap 
Mayfield 4th Unit 
Bath County Pumped
Storage 
Cornell Hydro Plant 
Redevelopment 
Kootenai River 
Mount Hope Pumped~· 
Storage 
Stony Creek Pumped
Storage 

Table C(j)-1 

FERC LICENSING EXPERIENCE 

Location 

Alaska 
Wisconsin 

Washington 
Washington 
Pennsylvania 
Vi.rg inia 
~vashington 
Virginia 

·Wisconsin 

Montana 
New Jersey 

Pennsylvania 
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MW Capacity 

6 
45 

392 
16 
20 

3000 
40 

2100 

30 

144 
1000 

1710 
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Project 

Montezuma Pumped
Storage 

Seneca Pumped
Storage 

Havasu Pumped
Storage 

Rays town 

Mossyrock 

Markland 

~basco 

Sandy Creek 

Grant Lake 

Nooksack Falls 

White Salmon River 

Davis Pumped-Storage 
Project 

Ludington Pumped
Storage Project 

Table C (j)-1 (cont'd) 
FERC LICENSING EXPERIENCE 

Location 

Arizona 

Pennsylvania 

Arizona 

Penns.:l·lvania 

Washington 

Ohio River, 
Indiana 

Washington 

Alaska 

\AI ash ing ton 

Washington 

Virginia 

Michigan 
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250-500 

380 

500 

2 

300 

65 
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C(k) Previous Joint Venture Experience 

.t, The Joint Venture firms have not worked together in a pre-
vious relationship as a Joint Venture but have recently had the 
experience of performing mutually complementary tasks on the 
presently under construction Bath County Pumped-Storage Project 
(See Above for description of the project). Ebasco Services 

• . . 1 .. 

incorporated was retained by Alleg4eny Power Systems to conduct 
a complete evaluation and appraisal of the Bath County Pumped
Storage Project. The purpose of the evaluation and appraisal ws 
to e~tablish cost of the project so that Allegheny Power Systems 
could establish cost of the project so that Allegheny Power 
Systems·could determine whether or not a purchase of approxi
mately half of the project's installed capacity would be worth
'\vhile. · Work tasks included a technical evaluation of project, 
an appraisal oif the value of construction completed at the time 
and an estimate of cost to complete the project. 

Mr. J. Ehasz, the Chief Civil and Geotechnical Engineer, 
had overall responsibility for the work being done for Allegheny 
Power Systems. In this capacity, he and other Ebasco staff 
members had contact with the Harza Project Manager, Mr. Arvids 
Zagars and other Harza staff members while reviewing designs, 
construction progress, and quality of work. 'lwo technical meet
ings were held with personnel in the analysis of the work done 
on the project. Upon their review, the client decidded to com
mit to a purchase of about 40 percent of the project capacity • 

Ebasco's evaluation of Harza's design work on the one side, 
and Harza's opinion of Ebasco's performance during the services 
for APS on the other side, were mutually complimentary. Also, 
both companies have been aware of each others past achievements 
in the hydroelectric field, and thus the mutual contact in 
connection with the construction of the Bath County Project 
strengthened the desire to pursue the design of the Watana Proj
ect with joint efforts combining the expertise of both companies 
gained in the past. 

The following individuals maybe contacted regarding per
formance on this assignment: 

John H. Bail 
Director of Power Engineering 
Allegheny Power Service Corporation 
800 Cabin Hill Drive 
Greensburg, Pennsylvania 15601 
(412) 837-3000 
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Mr. James Hagood 
Director of Hydroelectric Engineering 
Virginia Electric and Power Company 
Richmond, Virginia 
(804) 771-6103 

PROJECT STAFF 

It is also noteworthy that staff members which are current
ly employed by Ebasco (S. o. Simmons, R. G. Anderson) played 
significant roles in the licensing activities surrounding envi
ronmental issues on the Bath County Project while employed at 
Harza. Mr. Simmons was responsible for the development of a 
recrea.tion development plan which was satisfactory to the U.s. 
Forest Service and other state agencies. He successfully de
fended the proposed plan in FPC licensing which eventually led 
to the issuance of a project license. 

t·1r. 
at Harza 
was used 
cation. 
material 

Si~mons developed the analyses of recreation use while 
for the Kootenai Hydroelectric Project. That material 
for 'the development of Exhibit R for the License Appli
Hearings are currently in progress where much of the 
Mr. Simmons was responsible for is under construction. 

Mr. Roger Anderson played a substantial role in the li
censing activities for the Bath County Project \\7here visual 
impact mitigation was considered an important element of the 
licensing process. His analyses were used to route project 
access roads so that the visual impact of these features were of 
minor environmental consequence. Mr. Anderson also developed 
the visual impact analyses for the Kootenai River Hydroelectric 
Project while at Harza. His analyses were used in the develop
ment of Exhibit B of the License Application. 

Mr. Norm Tilford, who will lead the geotechnical programs, 
was also a member of the Harza's engineering staff and is a pro
fessional colleague and peer of a number of staf.f members who 
were his associates while on the Harza staff. Mr. Tilford and 
members of his staff on this assignment, including Dr. z. A .. 
Saleem, another past Harza employee, are familiar with the pro
cesses and procedures of both organizations which will help in 
assuring the proper integration of field staff in the support of 
the project. 
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~ICE PASSING FACILITIES AT 
· BURF ELL PROJECT 

By C. K. Wi Hey 1 

1 F ~ ASC E 

INTRODUCTION 

k:eland is an island republic located just south of the Arctic Circle within 

the North Atlantic. as shown on FiEIUre 1. Its area of about 40,000 square miles. 

is inhabited by 203,.000 people, dominately descendants of the Norse Vikings, 

with the admixture of some Celtic blood, who settled the country beginning in 

874 A.D. These permanent settlers replaced the original ones, Irish monks, who 

had arrived about 50 years earlier o Settlement and agricultural development was 

rapid with the approximately 25% productive land, all located along the coast 

lines, being utO lized fully within the next century by a population reaching about 

75,000. That population level remained essentially static until gradual increases 

started with the ~Oth century. 

This century has seen in Iceland, as in so much of in the rest of the world, 

the changing of a basically agricultural Sc:>c iety into one marked by urbanization 

and its resulting need for industdafization. Ocean fisheries, still the dominant 

fe>reign exchange ea-ner for lcelartd, have stabilized; so has agriculture. Mineral 

wealth in a volcanic c~untry such as Iceland is of minor significance Cl But Iceland 

does have relatively abundant, largely undeveloped, potential energy resources in 

.!( Vice President, Harz a Engjneering Compt1ii}'r Chicago1 II linois. 
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geothermal and hydroelectric form. Fossil fuel resources, however,.. are lacking • 

A smai! portion of the geothermal energy has been used for dQme~tic heating, 

greenhouse agriculture, and some industrial processes, but Not as yet fer electric 

. 
energy generation, except for one srr.QII industria~ plant. 

The development of Iceland's power and energy potential started at the 

beginning of this century, with expansion since Wo~ld War II being especially . 
rapid. The completion of plants currently under construction wH I see development 

of about 9'k of the country 1s resources, estimated at about 30,000 GWh of economically 

harnessable annual firm energy~~ The level of development of hydro generation 

together with some existing t~ermal generation means that Iceland may be the 

wodd's most electrified nation in terms of per capita power capability and annual 

electrical energy consumption~ Electricity is available to over 9-r';b ot the population
1 

includ iRg nearly all of those living on the widely scattered farms" 

The Burfell Hydroelectric Project1 with 210 Mw of ratoo capacity when the 

_last 3 (of 6) units now under installation are on the I ine1 dominates I eel and 1s electric 

energy generation. A high percentage of the Burfell generation is sold to on 

aluminium smelter. BurfeiJ is Jceland's first power station with ove~ 50 Mw and 

its size was dictated in large measure by the requirements of the smelter, although 

rapid growth in the general load of Southwest Iceland WO$ also an important factor e 

The Proiect is owned by Landsvirkiun, the Notional Power Company (NPC), a 

corporation jointly owned by the State and the Municipality c;f Reykjavik, the 

nation's capitol city. The corporation has primary responsibi I ity for genet·otion 
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and transmission in Southwest Iceland; the nation 1s dominant economic region with 

respect to population, urbanization and industry, including agriculture. Landsvirkjun 

is secrching for additional pow~r intensive industries and has under active planning 

other relatively lcrge· hydro proiects and transmission lines to foil ow Burfell. 

The large hydro. potential in Iceland is the result of favorable physical conditions. 

These include a moist climate which is ralatively warm in consideration of the northerly 

latitude, a mountoinous terrain providing head, a youthful and glaciated geology 

providing head concentrtJtions and glacial lake storages1 a volcanic setting providing 

good groundwater storages and natured construction materials, several large rivers, 

and highland glaciers provJding S\Jmmertime fiow without large flo~ds o 

The nation 1s need to industrialize by uti I izatiQn of its hydro resources to supply 

a power intensive industry required a development on a large river with a substantial 

head con~en'trdtion end location reasonably close to the load center such that a low 

delivered energy cost could be achieved~ This ~·equirement resulted in the selection 

of the BurfeiJ Prefect~ Earlier development studies for a Iorge project at the site had 

been made by Norwegians in 1915-17. Construction started in 1966 according to 

designs prepared by the Harza Engineering Company International o The first 3 units, 

totalling 105 Mw of rated capacity, started production in September 1969 while the 

last 3 units are now t;~ncler installation. The locaHon of the Burfell Project within 

Ice land is shown on Figure 2 .. 
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GEOLOGY AND CLIMATE 

Burfell is a run-of-river proiect located on the River Thiorsa about halfway 

along that river's course where there is a fali of neorly 400 feet below elevation 

800 in 8 miles while c ire ling the small mountain, Burfell. The drainage basin· 

above the Proiect, shown on Figure 2, is 2450 square miles extending between th~ 

.64° and 65° parallels, the latitude of Fairbanks 1 Alaska. About 300/c> of the basin 

is c:overed by 2 glaciers (ice fields) which extend between about elevations 5500 

and 2000 feet in the headwaters of the Central Highlands. The overage flow is 

11,900 cfs, the maximum recorded flood about 70,000 cfs, and the minimum recorded 

flow about 2,500 cfs. 

Geology and climate e.xercise important influences on the natural flow at 

Burfell. The former affects control of the appearance as streamflow of the 

precipitation furnished by the latter o 

The segment of the drainage basin shown on Figure 2 and located to the right 

(northwest) of the Thjorsa,· Lower Tungnaa, and the Koldakvisl is composed of 

relatively impermeable older basalts and moraine such that direct runoff of the ,. 

precipitation i!. provided and groundwater storage is low. To the left of that 

general line, the geologic formations consist mostly of highly permeable recent lavas, 

pedagonite, pyrocfostics, and pumice; all with virtually no surface runoffo The 

precipitation enters the vast underground reservoir and becomes almost completely 
. 

regulated to provide a uniform flow entering the river from spr·ings. The g I ac iers 
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represent exceptions to the above in that they provide direct runoff, nearly all by 

melting phenomena in the summer months" 

Iceland is a boundary zone of both air and ocean currents of tropical and of 

polar origins which affect the climate o Offshoots of the Gulf Stream touc:h most ·of 

the island although a branch of the East Greenland polar current affects the east coast. 

Arctic drift ice also exerts influence some winters. The climate, then, on the whole 

is cold-tempered oceanic, but is much warmer in winter than might be expected 

considering the northerly location. ) 

The weather in lceland 1 especially in the winter, is very changeable with the 

frequent temperature and precipitation fluctuations dependent on the tracks of the 

atmospheric depressions crossing the North Atlantic as they pass Iceland o Then~ is 

therefore a constant interchange through:Jut the year between warm rainy weather 

from off the Gulf Stream and cold, frequently windy but dry, weather from off the 

Greenland ice fields. The latter 1 however, is influenced by the relatively warm 

seas and the drift ice. The winter temperature is, therefore, rei atively mild and 

the summer temperature relatively cool o Precipitation is usually greatest in the fed I 

and eody winter months and lighter in the spring and summer. Orographic influences 

in the Thiorsa Basin result in precipitation on the higher slopes being considerably 

heavier than on the lower plains o The normal annual prec ipitatior1 on the Basin is 

estimated to vary between 30 and i40 inches d~pending mostly on altitude o Floods, 

however 1 usuai ly occur about March as a result of heavy rain with some snow meh 

on frozen land surfaces, inc fuding some runoff from the normally permeable areas 

referred to above • · 
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DEVELOPMENT PLAN 

The method of developmen't of the BurfeJ I Hydroelectric Project is as shown 

on Figures 3 and 4. ·The head of nearly 400 feet is developed by a 3.25 mile long 

diversion north of the mountain Burfef I into the River Fossa, about one mile upstr"eam 

of its confluence with the Thiorsa o The design power diversion represents a full gate, 

six--vnit plant dis\:harge of 8500 cfs, 70% of the average flowo This power flow is 

diverted from the ihiorsa through the Diversion Inlet into the Diversion Conal by a 

low, partially gated, concrete Diversion Weir occupying the river channel and 
' 

supp:emented by low fill dams to high ground on either side o Another low dike 
. 

extending from the Diversion ·inlet to high ground upstre~e~m serves to prevent ice frorn 

entering the Canal during high river stages~ A gated Control Structure in the Diversion 
. 

Canal provides some control of the flow in that Canal into tf1e Bjarnalon, a pondoge .. 
~· 

reservoir located in a natural depression o An ,A.pproach Canal connects the Bi arnolon 

to the Power Intake which is the entrance to the Power Tunnel passing through the hill, 

Samsstodomuli o The Tunnel within this hiJI bifurcates into two partially concrete 
!1. 

and partially steel lined Penstocks, each serving three 35 Mw generating units located 

in a surface, interior type Powerhouse o A Surge Tank is provided in e,o~h P~nstock. 

! 
"' it 

f ,. 
~ 

The Tailrace l~ads from the draft tubes to the Fossa o Tron~missio:~ lines =~~tend from ~ 
~ : 1.:< 

,.. 

the Burfel f Switchyard to other switchyords interconnecting with other plonts end 

$erving load centers in the vicinity of Reykjavik. 
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iCE AND BEDLOAD PROBLEMS 

The fact that ice represented the most serious problem associated with the 

design of the Burfell Hydroelectric Project was recognized at ths inception of the 

engineering. The Thjorsa in the vicinity of the Proiect carries during cold periods 

extraordinary quantities of ice which must be prevented from interfering with power 
' 

operations. The problems involved included those assoc ioted with the great magnitude 

of moving ice masses and also those associated with the changes of physical qualities 

at different stages of ice production, transportation, and accumulation. 

The phys~cal and climatic characteristics of the Thiorsa Basin referred to above 

result in the formation of relative quantities of ic.e in that river which are probably 

. 
very rare in rivers anywhere else in the world o The varying climatic conditions 

produce, to a greater or less degree each winter 1 a number of incomplete to 

complete ice cycles on the river upstream of the diversion point o Each cycle includes 

some degrees of freezing, staying frozen, and thawing; with cycles repeating sometimes 

even at less than weekly periods. This climatic instability is a principal cause of the 

Thiorsa ice problems" 

The ice in the Thiorsa which presents the maier problem is represented by sludge 

ice. Frazil ice is formed on the broad; shallow, frequently braided, but swiftly 

flowing reaches of the river upstream from the site, particularly en the Thjorsa up to 

the mouth of the Tun,gnaa$. and for a f~w mi l.:s up that tributary. The water fiows at 

depths generally less than 2 feet 1 width~ of a quarter of a mile, and velocities too high 

tQ permit the formation of sheet ice, except locally during extended severe frost 

\ 
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periods. This open wQter surface in the river system above Burfell may amount to an 

area of 4 squCI"e miles or more when there is no bank ice or ice jams and after the 

upper reaches of the river system are largely frozen over.. Frost periods are usual Jy 

accompanied by strong winds generally blowing down river upon this open water · 

surface to result in great he(lt loss by convection and consequent production of huge 

quantities of frazi I ice. Some sludge ice is aiso added by blowing snow from off the 

Jand surfaces. Vv'aterfalls and rapids tend to expose the entire flowing water mass to 

supercooling mostly by extremely cold entrained air with a resulting tremendous heat 

exchange and production of frazil ice o The importance of this intermixing factor is 

perhaps too I ittle realized o Sludge ice under the more severe conditions tends to 

form almost a complete moving "carpet 11 over the open water surfacer thus cutting 

back on the increasing rote of frazil ice production and presenting a sort of partial 

"self-1 imiting" production phenomena. 

The ice produced under the more severe physical and climatic conditions can 

amount to over 15 tons per second flowing down the Thiorsa at Burfell * This 

amounts to over 1500 cfs or more of loose~y packed sludge ice. Extended frost periods 

reduce the free water surface ~y one half or rtl()re with an accompanying but not quite 

equal reduction ira sludge ice production. But the cold Cr1d accompanying barometric 

pressure increases raduce the natural flow such that severe ice conditions are sti II 

maintained from the power operotions standpoint o 
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Most all of the flow dur'ing frost periods consists of groundwater at an entrance 

temperature of about 4fF F, thus supplying heat to halt sludge ice production and 

start thawing even before the air temperature reaches back to the freezing level. 

This thawing also loosens both anchor ice from the bottom and bonk ice from the · 

shore, aU of which is transported downstream, some melting along the wcry. 

There is a tendency for the floating sludge ice, in some combination with 

anchor ice and cake ice, to form ice bridges in certain areas of the river, paticularly 

gorges and the braided reaches o These parth:d ice dams create backwater and resulting 

head unti f the pressure produces a rupture which releases a torrent of water 1 cake ice, 

and sludge ice, all of which f?CSS as a flood wave downstream1 usually destroying 

. "1 \W':.? 
similar ice dams in its path aPd adding the volume of each o These fJoods 1 referred 

to as 11step bursts 11
, may reach c discharge rete of 201 000 cfs and require from a few 

minutes to more than an hour to pass a downstream point such as the Burfel I Diversion 

Weir. 

There was very little information available in the technical literature relative 

to ice production and control under conditions similar to those on the Thiorsa when 

' 
the design engineering program wcs started in 1963o The Icelandic government 

therefore stepped up its field investigations and research on ice problerns 1 with particular 

emphasis on the Thjorsa. Special ass istcnce was also provided by a team of experts 

under a grant of the United Nations Special Fund o The preliminary results of these 

studies provided some information for proiect designs, especially initial ones .. 
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The sludge ice was obser.ved to form and move somewhat in clusters, having a 

unit weight of about 20 lbs per cubic foot. All or nearly all of the '.:lusters were 

noted to flow at or near the surface when the water velocity we~ below about 3 feet 

per second. With increasing velocity and turbulence the clusters tended to be · 

carried more in the fu!J river profi!e., This knowledge led to the though~ .. that one 

solution to the problem included skimming the sludge ice from the water to be diverted 

for power, using some of the available water for skimming supplemented by some 

additional water for flushing the separated ice to downstr~cJm. 

The sludge ice, when gathered into an ice bridge or dam, was noted to become 

somewhat more compacted with an estimated weight of about 40 lbs per cubic foot 

in the uppermost layer 1 increasing to nearly 55 lbs per crJbic foot in the lower layer~ 

This quaHty change resuhed principally from regelatipn effects. However, the 

production of these ice dams also included the combined effects of supercooling, 

crystal growth, sludge ice drift and dynamic ccJmpressic>n to give the mess a degret:! 

·of stability adequate to form the temporary dams referr,ed to above o The nature of 

this ice and the other ice formed in association with these i'ce dams and appearing 

at the diversion point as a result of step bursts was such as to render any feasible . 

skimrr;ing facilities inadequate and provisions would therefore be necessary to pass 

the step burst ice debris and water to downstream in Hs entirety. Some of the ice 

blocks hove been observed to be over 10 feet on each side o 
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The important consideration in the design of the Burfell Project wc:s to reduce, 

insofar os feosible, the effects of ice on power generation. Reservoir storage at 

Borfell of the ice was ruled out by economic reasons; there being no suitable section 

or foundation for a dam to create a reservoir of adequate size. This led to the · 

dec is ion to develop facilities to separate the ice from the water, flush the ice to 

downstream and divert the: remaining water to the power features to the extent 

required or gvailabf,e ca Such facilities must give reasonable assurance that ice 

would not accumuiote and block the power diversions o Other partial solutions to 

the ice productiort problems at Burfell include the reduction of the open water surface 

upstream of the dam, preventing blowing snow from entering the river, end retention 

of ice in artific1al upstream reservoirs, including ones created by ice dams. 

The Thjo1·sa being a glacial river carries a fair amount of bedload
1 

mostly 

basalt sand with some lightweight volcanic cinders end pumice. It was considered 

necessary to provide a si It excluder at the Diversion Inlet In order to pre~ent the 

bedioad from entering the Diversion Canal and to pass it to downstream, thus 

reducing the requirements and cost of maintenance dredging from within the Diversion 

~anal and the Biarnalon. The water requirement for this bedload sluicing, which 

need not be continuous, would represent no problem during the summer high flow 

glacial meltwater season when ·rhe bedload is highest, but would represent some 

sacrifice of water for power at most other times o This sluicing water during ice 

periods would suppiement the water from the ice skimming operation for sluicing both 

ice and bedload to downstream. · 



It was recognized that this sluicing of ice and/or bedload to downstream 

would have the hydraulic requirement of a deep and narrow channel of adequate 

grade and length to provide a velocity sufficient to carry the rnat~ia.l downstream 

to a point where it could be discharged without creating detrimefitaf deposits beyond 

the release point of either material. The Diversion Inlet and Ice Sluice would be 

on the right side of the river and therefore the sluice discharge channel would need 

to be on the same side. 

This channel could be located along the right side of the Thiorsa, but in order 

to meet the criteria it would need to extend from the Diversion lnlei' to the foot of 

the waterfall, Trollkonufoss, almost 4 miles downstream. Further, the channel 

• 
. 

would need to be protected by a training dike to exclude the Thiorsa waters released 

past the dam. As a desirable and selected alternative to this long and expensive 

canal, there existed 1 fortunately 1 a lava marginal tributary on the east side of the 

Burfell mountain flowing at a grade well below that of the Thiorsa such that a canal, 

designated the BifJrnalaekur Canal, only 1.2 miles long extending from the Diversion 

Inlet to this stret.lm, called the Bjarnalaekur 1 could be constructed to meet the 

velocity criteria. Further 1 the grade: and section of the Bi arnalaekur for the 4 miles 

of its length downstream to where it joined the Thjorsa were such as to provide 

adequate velocity to move the ice and sand back to the main river to\ the head of a 

long stretch of falls and rapids. 

The base width of the Bjarnalaekur Canal was mC"'JCfe 20 feet, the minirnum. for 

constru~tion convenience. There was enough elevation difference between the 

. 
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lower level of the Diversion ·Jnlet, which level was controlled principcdly by 

geologic considerations, and the elevation of the bed of the Sfcrnalaekur to 

provide· a canal grade of 0.0048. These dimensions resulted in a velocity within 

the Canal of about 10 feet per second for the usual flow ranges, and that velocity 

was adequate to I'TlQve the separated ice and bedload withc,ut creating any appreciable 

a.idition.al sludge ice on the surface. 

The Bj'arnalaekur Outlet Structure was constructed to pass through the dike 

retaining the Bi arnalorJ where that dike crossed the Biar~alaekur. This gated, 

double culvert 1 concrete structure permits releasing up to about 2500 cfs from the 

Bjarnalon into the Bjarnalae~ur to supplement the removal of any ice or bedload 

deposits which might ccc'-:lmulate in the Biarnglaek!Jr downstream of the Biarnalaekur 

Canal. The utilization of that discharge after 2 winters of operation has not yet 

proven necessary for that purpose; however, future operations wHI require more and 

more use of the avaHable river flow end H will be necessary to reduce the sluicing 
. 

and skimming water most of the time during the winter to the J,west feasible minimums. 

Such operation might increc.1se slightly the risk of blockages within the Bjarnolaekur. 

/J.. design flood of 1401 000 cfs was selected as d basis of the capacity for a 
• 

spillway to be located in the eritire main river channel. This capacity was provided 

by 4 fishbeJJy flap gates cmd a section of uncontrolled spillway o Each hydraulically 

operated gate was 65 c-5 feet long and 8. 2 feet high and equipped with splitters 

following the face c.ircumference. Twentr-inch high flcshboards which could all 
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be released instantly, each to pivot in the fkw1, were provided on tht! ~~?0-foot 

long uncontrolled crest. Tht~ crest portion with fla.:;hboards would only ba required 

for the larger floods. The gated section was sized to pa1;s the flow of the largest 

expected step burst and equipped with gates which could alI be lowered quickly. 

at the some time, and be of a design to permit unobstructed flow over the top. 

Art Ice Sluice structure was positioned at the right end of the gated spillway 

and at the beginning of the Biarnalaekur Canal. It contains 3 slide gates, each 

6.55 ft. square, at its lowest level to sluice bedload"' Crest control for the ice 

skimming was provided by twc' 23-foot long by 14.75-foot high fishbelfy flop gates, 

hydraulically operated, and without on intermediate pier. 

HYDRAULIC lABORATORY TESTS OF RIVER STRUCTURES 

The basic desJgn of the structures ;n and related to the river 
1 

developed as 

discussed above, were then subjected to tests in a hydraulic laboratory. The River 

and Harbour Research Laboratory at the Technical University of Norway at Trondheim 

was selected for the tests. 

The primary purpose of the .mcdel studies was to investigate the particular 

part of th~ k;e problem Cdi"it!erned With movement Of sludge ice gnd of bedload in 

tl1e dgm ar-ea1 but without consid~£·~ation of free2:J.ng processes o the -Qre~ei" part 

of the studies were carried out on Cl large distorted model covering over 6, (tOO square 

feet 1 with horizontal and vertical scale ratios of 1:50 and 1 :20
1 

respectively. This 

mc:1in model wa; calibrated with an initial secondary distorted model of smaller size 
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and scale,. A third model with en undistorted scale ratio of 1 :40 was set up in a 

flume and constructed towards the end o.f the work. It was used to study conditions 

. downstream of the dam 1 flow conditions in front of the Diversion Inlet, Gnd to check 

general results of the Iorge distorted model a 

The basic concept for the study of ice movement was the assumption that ice 

pcrtic les in motion can be considered as sediments with negative submerged density. 

Thus, methods for study of sediment movement were modified to fit the iceo Ice was 

reproduced by polyethylene shavings of similar buoyancy as natural ice. The test 

results provided qualitativ~ results primarily. The quantitative approaches were 

mode somewhat conservatively. 

Model studies were started in October 19641 witb testing conducted from 

March 1965 to April 1966. A few supplementary studies were made also after that 

period. 

The hydraulic model studies of the initial design showed some situations 

when the sludge ice was largely blocked from passing over the flap gates leading to 

the Bjarnalaekur Canal and wa; diverted into the Divel"$ion Canal in quantities large 

enough to ultimately produce blockag~s to the power diversion. That initial design 

utilized only the conventional sheer wall above the diversion ports to guide the 

floating ice to the flap gates. This failure was corrected by adding a shallow slopine 

trough iust below the water surface on the upstream face of the sheer wall, supporting 

this trough from the bed~ocd excluder undersfuices. A long, !ow gate controlled 
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weir, almost paralleling the shear wall, for use in skimming the ice to the frG\;!f)h 

w~ included. This skimming weir was centered over the diversion ports which 

were positioned at the intermediate level o It was found desirable to pi ace the first 

of these ports somewhat upstream from the gated spillway to allow space in the river 

chdnnel for the ice carrying eddy which formed immediately upstream of these gates. 

Th9 structures associated with the- river diversion are shown in plan on Figure 5o 

The details of the Diversivn Inlet CJnd Ice Sluice as reH!?'t~-:..1 by the hydraulic model 

studies end as constructed are shown on Figure 6. Photographs of the structures ere 

shown on Figure 7 o 

Occasional operation of the 3pillway gates was found desirable to prevent a 

massive ice build-up upstream of the gates o However, passing this ice to downstream 

by gate manipulation at occasional intervals would not provide adequate water to 

continue movement of the ice downstream in the wide, shallow river channel. To 

overcome this difficulty, the model studies developed the desirability of deepening 

the spillway apron to provide a concrete lined Runway Channel leading to the 

Biarnalaekur Canal. A vertical lift control gate was provided between this Runway 

Channel and the Ice Sluice plunge pool. Small d ischorges of water and ice over the 

gated spillway could be passed into and through this channel to the Biarnalaekur 

Canal and flushed to downstream. Alternatively, ice passed over the skimming 

weir and Bjarnolaekur flap gates could be passed back to the main river channel 

in the event of a blockage in the Biarnaiaekur Canal, but this requirement appears 

very unlikely. This Runway Channe: represents o type of side channel spillway as 
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Unwatered diversion structure showing the three-level water passage • 

.. 
-~ 

The diversion structure showing ice being skimmed and sluiced. 
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well as a spillway bucket for energy dissipation during normal operation of the gates 
. 

with the Runway Channel gate in a closed position. The dimensioning and shaping 

of this Channel was established from the model studies. The hydraulic design of the 

Plunge Pool at the beginning of the Biarnclaekur Canal end downstreau ~'Tom the 

Ice Sluice was verified by hydraulic model studies o 

The model shJdies aiso showed the desirability of placing a rock fill ietty 

extending .upstream from the left end of the gated spi II way to somewhat upstream of 

the upstream end of the Diversion Inlet o This jetty tends to guide the river flow 

carrying ice and bedload to the separation foe ilities. However, the real need for this 

ietty in the prototype has not yet been established. It may be more important to 

bedload movement then to ice movement. 

The model studies included some studies relative to bedload movement. The 

shaping of the rock excavation in the riverbed in front of the Diversion Inlet to guide 

the approaching ice to the skimming weir end the bedload to the undersluices was 

worked out in the modeJ and seems to be satisfactory in the prototype. The detai Is 

of the undersiuices were worked out largely in the hydraulic model. To permit 

clearing a blocked undersluice, an auxiliary water supply intake equipped with a 

slide gate is provided to supply flushing water from the Diversion Canal to any one 

of the 3 undersl uic es. The design of the in let to this supply was developed by the 

model studies. 

The model studies also provided some guides for initial operation of the 

diversion and ice passing facilities. However, optimum operation can only be , 
-=: 
~· 
\or,• 

I. 
0 

:~ 
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learned from prototype experience. In genercl, this experience has shown that the 

Reservoir should be operated at higher levels than indicated by the model tests. 

On the whole the facilities have operated somewhat better than wos to be expected 

by the model results o S~veral times massive ice jams have been created upstream 

of the Diversion Weir and Inlet, yet the ice skimming facilities have continued to 

operate with relatively minimal escape of sludge ice to the Diversion Cancl.and no 

ice blockage to the water for power generationo lv\ost or all of these ice iams·were 

probably instigated by operating even briefly at too low Reservoir levels o The it:e 

bridge would form in a matter of seconds and remain until removed by the next 

thawing spell of weather o 

. 
OTHER PROJECT ICE CONTROL FEATURES 

AJJ of the control gates are provided with local and remote control, with the 

latter representing the normal operotiono A glass-enclosed operating house is 

positioned on a tower located on the spillway right pier with the operating console 

vn the operating floor about 30 feet above the deck level o Remote control flood lights 

ere also provided o Remote control closed circuit T.V. surveillance was provided in 

the design but has not yet been installed. That installation could per;:-··it aiso remote 

control of the gates from the power station as well as surveiJiance of the.;e operations 

from the home office in Reyki avik o 

The maximum average vefoc ity in the Djversion Canal and Approach Canal was 

set below about 1.5 feet per second in order to provide a sheet ice cover early in each 
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winter· and thus prevent the formation of sludge ice. A fishbeHy flap gate, 

19.7 x 14.8 feet, located in the Samsstadaklif Sluice adiocent to the Power 

Intake was provided to permit skimming of ice ond other debris reaching that 

structurs through those Canals or from the Biarnalon. The water and debris 
· . 

. skimmed from the surface will cascade down a small creek to join the Fossa 

downstream of the powerhouse. A pump well was provided in the Intake to 

permit the future installation of flow inducers to direct' the floating material 

towards the flap gate but this installation is not now believed necessary. The 

principal use for this flap gate so far has been to pass a considerable volume. of 

floating ash from the eruption of the nearby volcano, Hekfa, in May 1970. 

The Control Structure iocated in the Diversion Canal permits shutting off all 

flow to the Biarnalon from the river. It contains 3 vertical lift gate~, the center one 

being ~eeper than those on each side and equipped with automatic controls designed 

to maintain .a constant level on the upstream side as the Bjarnalon level may fluctuate 

by peaking operations. Closing the Control Structure gates and opening all gates 

at the river permits some degree of backflushing of ice and sand deposits from the 

Diversion Canal back to the Diversion Inlet for flushing to downstreamo 

~CE CONTROL IN RIVER 

The: prevention of the creation of ice such that lesser amounts wi II reach 

the diversion structures can be accomplished by several types of construction o These 

methoc-!s are aimed mostly to reducing the area of open water upon with frazil ice 
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may form. Canalization is considered a suitable procedure for the river for a few 

miles upstream of Burfell. Construct ion to achieve this end, although included in 

!-he Project 1s design stage, is only now getting under way to some degree. 

Construction of low overflow dikes and permeable weirs to confine the main 

river current to a single channel in ~he two main braided reaches, accomplished to 

some degree this past winter, appears to have reduced ice production and vastly 

decreased the incidence of step bursts o The construction of the low dikes 1 ,ith 

coarse rock fill may require some annual replacement after the summer and fall floods. 

The permeable weirs consist of rounded, durable gioc ial boulders in sizes from one to 

6 tons or more, as ~vail able. These boulders are plat: )d in rows with individual 

stones separated by about 3 feet o The optimum spec ing has not yet been determined. 

r~ The principle is that this type of construction will precipitate the formation of ice 

"' i ,., dams to block the flow to the channel, but represent little interference to ice-free ... 

flood flowso Similarly, successive rows extending out from each bank will tend to 

reduce the open width of the river in the wide shoJI ow recc hes 1 thus reducing the 

open water area exposed to undercool ing and ice formation. This type of temporary 

canalization by ice itself can be supplemented by the more permanent construction 

involving deepening and narrowing the main river channel by artificial excavation~ 

This method appears to have great promise in some reaches of the Thjorsc but has not 

yet been tried • 
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The erection of snow fences to collect blowing snow and prevent it from 

reo.ching the river to become sludge ice alsc, has some promise in selected favorable 

lc~eations. .Again, while included with the Project's original design, it has not been 

tried in this application but its eminent succ:ess in highway and railway transportation 

in trapping. blowing snow is wei f known. 

Artificial reservoirs to reduc~ the area of sludge ice development or for ice 

storage can hardiy be justified upstream of Burfell except in association with seasonal 

storcge and/or power generation at upstream rilants. Thorisvatn, a 27"""Squore mile 

natural lake1 is now being developed as a seasonal storage reservoir by the installation 

of an outlet wi~h con'trol works and by the divers ion of the Thorisos and Kei~dakvisl 

tributaries into that lake o This diversion will reduce ice product'ion in the lower 

reaches of the KclclakvisJ, but t-his reduction may be more than offset by the exposure 

to ice production in the high gradient outlet channel from the loke and from the 

augmented flows in the river from storage releases which wi II occur during low flow 

periods of freezing weather o 

SUMMARY 

The icE=! passing facilities have been in operation for the past two winters .. 
.. 

This operation has been with the initial 3 generating units
1 

and the full design 

cap obi I ity will not be tested until the winter of 1972-73 when all 6 units wi II be . 

' 
in op~POtion 1 with flow regulated ~y the Thorisvatn Storage Development 

1 
including 

the two river diversions. It is considered that the sou~,dness of the basic design has 

; ' 

-21-



1 
~ 
' 

. . 

been proven. The operating success has been somewhat better than expected • 

Substantial improvements in operat.ing success can be expected as more experience 

is obtaine~ both by the supervisors and the at-site operators • On the other hmd, 

experience has shown the opportunity for improvements in the structures. Most of 

these relate to the gates, and except for a few minor matters, must be reserved for 

the next simi Ja proiect. 
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C{D) MAN.o\GEMENT OF DESIGN 

This section describes the management, technical and re
lated services which the Joint Venture will provide to ensure 
that the project is executed in accordance with specific tech
nical, cost and schedule requirements. Certain of the services 
described in this section (eg., preparation of procurement con
tract terms and conditions, preparation of estimates) are pro
vided as true support services to the technical engineering ana 
design tasks. T.o.indicate the interrelationships between these 
support activities and the technical tasks, the support activi
ties have been identified as subtasks within each engineering 
and design task. 

The Management functions and support services are described 
below. 





• 

D(a) RE·VIEW OF PRIOR WORK AND 

.IDENTIFICATION OF FURTHER STUDIES 

INTRODUCTION 

Previous Studies 

It is ass~1ed that the Contract between the Alaska Power 
Authority and the Joint Venture for the next phase of engineer
ing for the Susitna Project will be formalized by January 1, 
1983. The Joint Venture will assemble a transition team for the 
review of the Feasibility Report and its appendices, all Power 
Authority External Review Panel reports, all reports of field 
investigations and field data collected to date, the scope and 
status of the field investigations underway. The Transition 
Team will formulate the conceptual design of the Project and 
identify critical areas for detailed investigation and study. 
This team is discussed further in Part B, "Sta"..:.ement of Work". 

The review team \vill be composed of experienced, high level 
professionals with broad backgrounds. in large fill dams and 
underground power facilities. The team will consist of environ
mental scientists, geologists, engineering geologists, geotech
nical engineers, hydrologists, structural engineers, hydraulics 
engineers, mechanical engineers and electrical engineers. Spe
cial consultants will also be brought in for specialty areas 
peculiar to the Watana Project Site, such as seismic analysis 
and permafrost. 

During the review process, the team will assess all the 
studi~:s that -v1ere included in the work completed at the feasibi
lity level and will prepare a repo~·t to the Power Authority 
to detail which areas require addicional studies. It will de
scribe the scope, extent, schedule and cost for the additional 
studies. Moreover, the team will establish a schedule to ensure 
the acc;~uisition of at least the minimum amount of field founda
tion data required to firm up the Project Conceptual Layout by 
tt:"'_ end of 1983. A tentative schedule for these investigations 
is presented below in D(k). 

Critical Factors 

The critical factors to the Susitna Project are the early 
optimiza1tion of the Main Dam Layout and the scheduling of con
tracts for the diversion tunnels. This first represents more 
than 30 pe:rcent of the Watana Dam direct construction costs, and 
its location will exert a direct impact on the location of the 
diversion tunnels and cofferdams, power intakes, outlet works, 
spillway, and tailrace tunnel outlets. 

D(a)-1 



The first scheduled technical facilities construction 
contract is Work Task 10, Contract Document C-1, Diversion 
Tunnels. It is scheduled for issuance to bidders immediately 
after the FERC license is obtained (January 1, 1985). This 
first construction contract is critical to.the project schedule. 
The Project Conceptual Design and, in particular, the Main Dam 
layout must be developed by the Joint Venture and approved by 
the Power Authority and its External Review Panel by late 1983 in 
order to have the C-1 Construction contract ready for bidding at 
the beginning of 1985. 

ENVIRONMENTAL STUDIES 

A substantial review of ~rior environmental work on the 
project will be required, as well as the continuation of many 
studies and the modification of some. Our program for this 
review and for further investigations is presented with other 
aspects of the environmental program in Section D(c). 

GEOTECHNICAL 

~Phe major features of the Project as soc ia ted with geotech
nical engineering are the following: 

• 
• 

The foundation treatment for embankment dam 

Locating sui table materials for the core· and shells of the 
embankment dam 

• Tr~at.ment of the Watana and Fog Lakes relict channels 

• Underground chambers and tunnels 

• Foundations for structures 

• Permanent and temporary cut slopes 

• Reservoir slopes 

We will review all pertinent data and complete additional 
studies required to fix the design of the major geotechnical 
features. These activities will include: 

• Review and analysis of pertinent geotechnical data. 'l1his 
includes data collected by various agencies and by Acres 
during past and current site investigations programs and 
data to be collected during future programs. 
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• • Confirmation of basic design concepts and preparation of 
design memoranda 

o Detailed geotechnical analyses of the selected design con
cepts 

• Design of instrumentation systems to monitor performance 
during construction, reservoir filling and project opera
tion 

Review and Analys~ of Pertinent Data 

A detailed review of the data collected during previous 
site investigations ;;~ Watana will be performed as a first step 
towara establishing the site specific characteristics required 
to confirm the basic design conceptso The ~ata and reports to 
be reviewed include: 

• 

• 

• 

• 

• 

Seismic studies performed by Woodward-Clyde Consultants for 
Acres Ame~ican, 1982. 

Susitna Hydroelectric Pl:'oject - 1980-1981 geotechnical 
report prepared by Acres hnerican. 

Corps of Engineers 1978 G~otechnical Studies, including 
seismic refraction studies (Shannon and Wilson), drill 
holes, backhoe test pits, auger borings, and geologic map
ping. 

Seismic refraction surveys performed by Dames and Moore for 
the Corps of Engineers in 1975 and the initial feasibility 
report. 

Expanded geotechnical investigations at the damsite, reser
voir and potential borrow pits performed by the u .. s. 
Army Corps of Engineers during the 1970's. 

Preliminary reconnaissance work performed by the United 
States Bureau of Reclamation in 1957 and 1958. 

All prior work will be synthesized and summarized to pro
vide a quantitative measurement of the work parformed to date 
and to determine qualitatively the strengths and weaknesses in 
the data obtained. 

The review of prior work will lead to the preparation of a 
detailed plan for additional site investigations (see D(k)), 
concentrating on those items where present information is insuf
ficient. We will establish priorities of work and specific 
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locations for drill holes and other explorations. These will be 
shown on topographic and geologic maps. 

For the early construction contracts, we will use all 
available geotechnical data gathered in the various site a-ad 
laboratory investigations to establish the design. Data 
gathered during these early construction contracts (diversion 
tunnels, excavation, cofferdaws, adits., drilling and grouting) 
will provide detailed in-situ information on the geology and 
geotechnical properties of the foundation rock for use in the 
preparation of later contracts concerning the underground power 
structures, the embankment dam, the spillways and the foundation 
treatment of the various structure. 

Design Concepts and Design Memoranda 

After completing the review of the geotechnical ~ata, we 
will establish basic design concepts and select design criteria 
for each project feature and for the analyses supporting the 
design. During this critical phase of our work, we will involve 
our senior >:Jeotechnical staff and consultants to develop con
cepts that can be testea by detailed site investigations and 
analyseso It is during this stage of activity that judgements 
must be made without full knowledge of foundation conditions and 
borrow source characteristics and without the results of subse
quent detailed analyses.. Upon completion of the development of 
design concepts, a series of investigation memoranda (see Table 
D(a)-1) will identify the critical factors and provide a de
tailed investigation program that will define the cr:iteria, 
parameters, methods and procedurss for the various analysese 

Detailed Geotechnical Analyses and Studies 

Detailed analysis will substantiate the selected design of 
the dam, the treatment of relict channels and foundations, the 
geometry and support of underground openings, and the stability 
of cut slopes and reservoir slopes. ~1e analyses will be docu
mented in reports and subjected to close review by our internal 
staff, our consultants and by the External Review Panel prior to 
being finalized. 

Embankment Dam 

The detailed analyses of the embankment dam will be discus
sed in the following categories: 

Studies to estimate the performance of the dam under var
ious construction and operating conditions 
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• Studies to determine materials characteristics, the cross
section and details 

e Studies to estimate fbundation response and to define foun
dation treatment 

• Studies of the cofferdams and dewatering 

Dam Performance. A series of finite element analyses 
will be used to estimate dam performance. First we will perform 
a finite element analysis of the stresses, deformations and pore 
pressures that will occur within the body of the dam during the 

Table D(a)-1 

Design Memoranda 

1. Diversion Tunnels and Portals: Excavation and Support 

2. Cofferdams ~ 

3. Dam: Foundation Grouting and Drainage 

4. Dam: Excavation and Rock Surface Treatment 

5. Dam: Material Characterictics 

6. Dam: Cross-Section, Zoning and Details 

7. Freeboard Dike 

8. Relict Channels: Characteristics of Glacial Deposits· 

9.. Relict Channels: Treatment 

10. Main Spillway: Excavation and Foundation Treatment 

11. Emergency Spillway: Excavation and Foundation Treatment 

12. Outlet Facilities: Excavation and Support 

13. Power Facilities and Access: Excavation and Support 

14. Fuse Plug 

15. Aggregates for Concrete, Filters and Drains 

16. Switchyard Foundations 
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construction period.. The transfer of stress from the more com
pressible core material to the less compressible shell zones 
will be estimated and evaluated.. Settlement and pore water 
pressure generation and dissipation will be predicted and then, 
during construction, will be compared with measurements from 
piezometers and settlement gages placed in the core. Predic
tions of stress, settlement and pore pressure will be based on 
parameters derived from appropriate laboratory triaxial shear, 
consolidation, and permeability tests. The initial analyses 
will be refined on the basis of data collected using in-situ 
measurements during the early stages of construction, to predict 
performance during the later construction stages. 

Second, we will perform a finite element analysis of the 
change in pore water pressure within the core during reservoir 
filling. This analysis will predict the time required to estab 
lish the steady-state seepage pressures and their magnitude. It 
will provide input to the subsequent static and dynamic anal
yses, which will predict stresses and deformations of the dam 
that will result from various stages of reservoir impoundment. 

Third, we will perform a finite element analysis of stress
es and deformations resulting from the gradual development of 
seepage through the core. The results of this analysis and of 
the seepage analysis will be compared to the field measurements 
of stress, displacement, and pore water vressure. Input para
meters will be derived from laboratory tests and from the mea
sured performance of the dam during construction. 

We also will perform a study of the performance of the dam 
under a rapid drawdown condition.. The study will include the 
analysis of the change of pore water pressure in the core during 
the reservoir drawdown and the analysis of the stresses in the 
dam resulting from the change of pore water pressure in the daru 
from the reservoir unloading. 

The fourth study for the dam will be a dynamic finite ele-
ment analysis of the dam during the maximum credible earthquake 
(MCE). As a first step, the time history of bedrock motion 
associated with the MCE will be chosen on the basis of a review 
of the seismic studies by our geologists and by our consultant, 
Dr. Clarence All en. Other inputs ·wi 11 inc 1 ude the static 
stresses and steady-state pore pressures derived from previous 
analyses. Dynamic shear stresses and accelerations will be 
determined for various locations in the dam and compared to the 
strength of the embankment materials as determined in dyna1nic 
laboratory tests. Based on this study, an evaluation of the 
performance of the dam will be made. Permanent deformations 
that might occur during the MCE will be predicted and 1nitigating 
features will be designed to lessen the impact of such an 
event. 
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Dam Cross-Section. Other studies and analyses will define 
the cross-section of the dam.. These will include analysis of 
the several borrow and quarry sources of materials. This re
quires an accurate delineation of these sources and knowledge of 
the stratigraphy 1 permafrost occurrence and the material pro
perties. Our site investigations program (D(k)) will include a 
careful exploration of material sources aimed at determining the 
characteristics of the sources of core material, filter and 
transition zones and gravel and rockfill shell material. The 
Joint Venture will be assisted by Harding La\vson and Associates 
in obtaining the ne~essary data. Laboratory testing will be 
conducted on-site and in Anchorage. Special tests such as those 
required for the dynamic analysis will be performed at labora
tories outside Alaska. 

We also will analyze the use of material in the embankment 
to guide dec.i.si.ons concerning processing requirements and the 
location of materials in the embankment considering the location 
of their sources. 

The interpretation and analysis of the data obtained in the 
geotechnical exploratory program, homogeneity and extent of 
stratigraphic units, extent of permafrost, amount of moisture 
present in the units, and grain size distributions, will provide 
the basis for a plan to manage the sources of materials and · 
their distribution in the etnbankment. 

Laboratory model tests of the interfaces between shell and 
filter material and filter and core material will be performed 
under design gradients to ensure that the Standard Terzaghi 
filter requirements will provide the n~cessary protection 
against filter or core material erosion and the ability to heal 
cracking of the core. Gradations of filters and processing 
requirements will be establishedo 

We will analyze details such as crest geometry and zoning, 
freeboard, slopes protection, and foundation contact geometryo 

Foundation Responses. Analysis of the foundation response 
during coristruction and response to the long-term effects of the 
reservoir will be required. These studies will include several 
aspects. 

Analysis of the methods and procedures required to thaw 
ground ice prior to foundation grouting will needed. Effective 
foundation grouting will depend on effective methods of thawing 
ice in the rock joints in advance of the work. Techniques such 
as water or steam treatment and their associated costs and dif
ficulties will be evaluated. 
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Dam Cross-Section. Other studies and analyses will define 
the cross-section of the dam. These will include analysis of 
the several borrow and quarry sources of materials. This re
quires an accurate delineation of these sources and knowledge of 
the stratigraphy, permafrost occurrence and the material pro
perties. our site investigations program (D(k)) will include a 
careful exploration of material sources aimed at determining the 
characteristics of the sources of core material, filter and 
transition zones and gravel and rockfill shell material. The 
Joint Venture will be assisted by .Harding Lawson and AssociatElS 
in obtaining the necessary data. Laboratory testing will be 
conducted on-site and in Anchorage. Special tests such as those 
required for the dynamic analysis will be performed at labora
tories outside Alaska. 

We also will analyze the use of material in the embankment 
to guide decisions concerning processing requirements and the 
location of materials in the embankment considering the location 
of their sources. 

The interpretation and analysis of the data obtained in the 
geotechnical exploratory program, homogeneity and extent of 
stratigraphic units, extent of permafrost, amount of moisture 
present in the units, and grain size distributions, will provide 
the basis for a plan to manage the sources of materials and · 
their distribution in the embankment. 

Laboratory model tests of the interfaces between shell and 
filter material and filter and core material will be performed 
under design gradients to ensure that the Standard Terzaghi 
filter re';~irements will provide the nt;cessary protection 
against filter or core material erosion and the ability to heal 
cracking of the core. Gradations of filters and processing 
requirements will be established. 

We will analyze details such as crest geometry and zoning, 
freeboard 1 slopes protection, and foundation contact geometry. 

Foundation Responses. Analysis of the foundation response 
during construction and response to the long-term effects of the 
reservoir will be required. These studies will include several 
aspects. 

Analysis of the nlethods and procedures required to thaw 
ground ice prior to foundation grouting will needed. Effective 
foundation grouting will depend on effective methods of thawing 
ice in the rock joints in advance of the work. Techniques such 
as water or steam treatment and their associated costs and dif
ficulties will be evaluated. 
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A We will evaluate the thermal disturbance associated with 
the grouting, drainage and access adits, the grout and drain 
curtains, and the excavations required for the core and shells. 

We will analyze the transient thermal regime of the embank
ment and its foundation during the sequence of construction, 
first filling of the reservoir and the operating life of the 
project. Permafrost within the abutments can be expected to 
thaw with time. This could lead to increased leakage through 
the abutments and/or to additional settlement of the foundation 
as ground ice thaws. 

We will evaluate the long-term steady state thermal regime 
of the embankment, reservoir and foundation. Two-dimensional 
finite element methods developed by EBA Engineering Consultants 
will be used to model the thermal effects of construction, re
servoir filling and project operation. 

Foundation Treatment. A detailed analysis of the founda
tion treatment for the dam will include analysis of the layout 
of grouting and drainage adits and the depth, spacing and atti
tude of grout and drain holes. The analysis will depend on the 
results of roc?·r drilling and water pressure testing along the 
alignment of the grout curtain. n1is data will be obtained 
starting in May 1983. 

Also included will be analysis of the requirement for exca
vation for the core, filters and shell and the near surface rock 
treatment.. The competence of the alluvium in the river will be 
determined using careful exploratory techniques to obtain the 
detailed stratigraphy. Standard penetLation tests, as applica
ble, will be used to evaluate the liquifaction potential of the 
alluvitLrn. If it is not possible to aetermine the characteris
tics of the alluvium with confidence or if the material has 
marginal competence, in which case excavation to rock below the 
shells will be required. 

Cofferdams and Dewateringr; Analyses of cofferdams and 
foundation dewatering will be required to establish the diver
sion scheme. Although much less detailed than the design analy
ses for the dam, studies will be needed oE material require
ments, sources of materials, zoning of the cofferdams, and foun
dation treatment such as slurry wall cutoff. 

Relict Channels 

PrE:sently, there is no detailed information concerning the 
configuration, stratigraphy, hydrogeology and competence of the 
relict channel deposits.. However, the fiscal year 1983 site 

.investigations will explore these channels. The Joint V~=;nture 
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site investigations will include substantial additional work 
during 1984 and 1985. 

At present, the required treatment of the relict channels 
has not been defined. Treatmen(,: options for the ~vatana relict 
channels range from filter blankets placed on downstre&n slopes 
to partial or full cutoffs, or an underground dam. No treatment 
options have been suggested for the Fog Lakes relict channels 
except in general terms. 

Detailed analyses will be required to determine the treat
ment of the relict channels or to support a decision to provide 
little or no treatment. These include the following: 

1. &"1.alysis of seepage quanti ties through the relict 
channels. These studies will require knowledge of the 
hydrogeology of the channels and of the permeability 
of the various strata. Pump-out tests will be needed. 
Analysis will utilize relatively simple models using a 
range of values for the significant parameters and 
complex models, if warranted, using two- or three
dimensional finite element methods. 

2. 

3. 

Analysis of the potential for internal erosion and 
piping associated with changes to the hydraulic gradi
ents within the channels. Gradations of materials in 
adjacent strata will be studied to determine whether 
fines from one stream could work into another. 

Analysis of the stability of upstream channel slopes 
and their effects upon thawing of permafrost and under 
the effects of the reservoir. The study will include 
an assessment of the presence of permafrost and the 
nature of its occurrence and an evaluation of the 
competence of the channels to resist movement ·vlhen 
saturated by the reservoir or when subject to draw
down. Sampling of undisturbed materials, total mois
ture contents, in-situ densities, standard penetration 
and core penetration tests will be needed to evaluate 
stability of channel slopes in contact with the reser
voir. 

4. Analysis of the effects of the maximum credible earth
quake on saturated relict channel slopes. The data 
gathered for the static stability studies will be used 
to evaluate earthquake effects and the potential for 
liquifaction. 

The selection of relict channel treatment will depend en 
the outcome of the detailed studies ancl analyses vlhich ,, in turn, 
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rely on obtaining quality data during the field and laboratory 
testing programs.. Because the quality of the site investiga
tions are vital to the correct evaluation of the relict chan
nels, the Joint Venture has selected Harding Latvson and Associ
ates to perform the necessary drilling, sampling, in-situ and 
laboratory testingo 

Underground Chambers and Tunnels. The intrusive diorite at 
Watana has highstrength such that the response of chambers and 
tunnels during excavation will be dominated by the structural 
geologic features. The diamond core drilling and exploratory 
adits described in Section D(k) will allow a detailed assessment 
of rock quality at critical locations and the opportunity to 
perform in-situ rock mechanics tests. 

Various stress and deformation analyses will be needed to 
assist in the selection of spacing between openings and in esta
blishing tunnel and chamber support requir~ments. These in
clude: 

• 

• 

Parametric analysis of the general arrangement of the power 
structure caverns. These studies will be conducted using 
two-dimensional finite element or possible boundary element 
models. A range of values for the in-situ stress condi
tions and for the elastic parameters will be used. 

Stress and deformation analyses will be refined upon com
pletion of measurements of in-situ stresses. These analy
ses will be used to check and refine the underground cham
ber support systems and to define the detailed shape of 
excavations and tunnel intersections~ 

• Stress analysis of the highly loaded pillars between draft 
tubes. 

• Analysis of the excavation sequence of the major chambers 
to model and predict the deformation response of the rock 
mass surrounding the chambers. This study will compare 
predicted response to the measurements made in the field 
during excavation. Data obtained during the driving of the 
exploratory adits will allow reasonable predictions of 
response during construction. 

• Analysis of the grouting and drainage requirements adjacent 
to the power structures. 

Foundation~ for Structur~s, and Permanent~ ~emporary Cut 
Slopes. Detaired analyses of the foundat~on cond1 t1ons for the 
spillway and other structures will be needed to determine the 
structural competence of the foundation and the requirements for 
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grouting and drainage. These studies will be based on the geo
technical data pertinent to each specific feature~ 

Permanent and temporary excavations in overburden and rock 
will be evaluated to establish the geometry of the slopes and 
support requirements to maintain stability. Study of the geolo
gic structure, the occurrence of shear zones, and the competence 
of the overburden will define the slopes and their support. 

Reservoir Slopes. Preliminary reconnaissance mapping of 
the Watana. Reservoir area was performed during the feasibility 
study. The principal rock types, the general character of sur
ficial material and the types and causes of slope instability 
were identified. The feasibility study concludes that minor 
slides will occur but that these will pose no threat to the 
Projecto 

Our detailed analysis of reservoir slope stability will 
include~ 

• Mapping of materials within the reservoir which will be 
subjected to saturation, thaw and reservoir drawdown. 

• 

• 

A survey of slide potential based on the topography( slope 
inundated and materials encountered. The type and size of 
potential slides will be identified. 

An evaluation of the wave that could be generated by a 
slide and its effects will be needed. 

• " Design of mitigating features, such as increased_ freeboard 
or a rock parapet.on the crest of the dam, should such be 
considered prudent. 

Reports. The detailed design analyses will be presented in 
a series of reports. A tentative list of reports is shown on 
Table D(a)-2. 

1. 

Table D(a)-2 

Reports to Support ~h~ Design 

Materials: Characteristics, scheduling and use in the 
dam 

2. Seepage through the dam and its foundation 

3~ Embankment stresses, deformations and pore water pres··· 
sures during construction, reservoir filling and proj
ect operation 
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Seismic design parameters 
. 

5. Seismic response of the embankment dam 

6. Stability of the dam using limiting equilibrium meth
ods 

7. Methods and procedur.es to thaw ground ice in advance 
of grouting 

8. Construction and reservoir effects on the permafrost 
in the dam abutments and foundation 

9. Rock deformations resulting frc~ permafrost thaw in 
the dam foundation 

10. Hydrogeology and potential for reservoir leakage 
through the relict channels 

'i.l. Static and dynamic stability of relict channel 
slopes 

12$ Permafrost thaw in relict channels and its 
consequences 

13. Design concepts for relict channel treatment 

14. Stresses, deformations and support pf rock surrounding 
the power chambers 

15. Reservoir slides: size, effects and mitigating fea
tures 

HYDROLOGIC AND HYDRAULIC STUDIES 

General 

The hydrologic and hydraulic design concepts as well as the 
available data usea in the preparation of the Feasibility Rer;:urt 
will be reviewed. We will develop programs to obtain addi tio~1a1 
information in the field and through model tests. 'rhe details, 
schedules, costs, and reasons for the programs and model tests 
will be included in a report to the Power Authority request:ing 
approval to proceed. 
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Hydrologic Studies 

The prime purpose of hydrologic studies will be to provide 
basic input to environmental and engineering studies. The scope 
and methodologies of the hydrologic studies will depend primari
ly on the results of agency and public review of the FERC Li
cense Application. We anticipate, how·ever, on the basis of our 
past experience in FERC License Applications and the preliminary 
revie~q of the existing studies that we performed for this pro
posal, that the following seven hydrologic V'lOrk tasks will be 
necessary. 

• Review and evaluate previous studies 

• Continue hydrologic and meteorologic data monitoring 
. 

• Update and/or upgrade river--reservoir flow depth and velo-
city studies 

• Update and/or upgrade river-reservoir temperature studies 

• Perform river sedimentation modeling studies 

• Perform river-reservoir. water quality studies 

• Update and/or upgrade river-reservoir ice cover studies. 

In addition to the above seven tasks, two-dimensional 
river-reservoir temperature modeling may be required, if one
dimensional model studies prove to be too crude for environment
al impact studies. These tv1o-dimensional model studies are 
presently viewed as optional work tasks. 

Review and Evaluation of Previous Studies - • 
We will carefully review previous hydrologic studies in 

light of the License Application to identify and formulate 
additional studies required. Key hydrologic studies subject to 
review and evaluation will include: 

• River-reservoir sedimentation, temperature, ic~ cover and 
water quality studies 

• Hydrologic and meteorologic data monitoring programs 

• Water supply and design flood studies 

Memoranda will be prepared to summarize the results of review 
and evaluation. 
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~, Continued Hydrologi£ and Meteorologic Data Monitor~~ 
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The primary purpose of hydrologic and meteorologic data 
monitoring program is to define baseline hydrologic and meteoro
logic conditions. It also will provide input to prediction of 
with project conditions through appropriate.technigues,. such as 
mathematical modeling studies. 

We propose to continue existing data monitoring program, 
with appropriate modification in number of monitoring parame
ters, monitoring locations, monitoring frequency and instrumen
tation. The level of modification \V"ill be determined through 
field investigation and review of existing monitoring program, 
with an eye to the responses to the FERC License Application. 
It is anticipated that much of data monitoring will be completed 
in a 12-month period. Key moni taring activities will include: 

• Meteorologic data collection for river-reservoir tempera
ture, water quality, and ice cover studies 

• Water quality and sediment data collection 

• 

• 
• 

Stream gaging including discharge measurement for river 
flow, dept~ and velocity studies 

Ice observation including, ice thickness 

Side channel groundwater data collection including ground
water temperature for river temperature and water quality 
studies 

• Side channel discharge and stage data collection and dis
solved oxygen for river flow, temperature, depth, velocity 
and water quality studies 

• Water temperat~~e and turbidity data collection at Eklutna 
Lake for river-teservoir temperature and turbidity stud-
• les. 

R & M Consultants, Inc. \>-: :lll be retained to per form the 
monitoring activities, und~r the coordination and supervision of 
the Joint Venture. Periodic data compilation reports will be 
prepared to describe and summarize thE"~ data collection activi
ties. 

Update and/or ,P.Psrad~ River-Reservoir Flow, Velocii:X, Depth 
Studies 

The purpose of river-reservoir flow, velocity and depth 
studies is to provide input to environmental studies! including 
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fishery studies. Depending upon results of agency and public 
review of the FERC License Application, the level of studies 
will vary from updating the existing studies based on HEC-2 
steady-flow model, by incorporating new data, to upgrading ·the 
existing studies by improved methodologies and an impro~ved data 
base. Wa anticipate that, in addition to updating the existing 
studies, we will need to determine river stage under unsteady 
flow conditions at key side channels and sloughs. 

The studies will result in flow velocity and depth at key 
locations along Susitna River with and without project condi
tions for combination of different discharge levels, times of 
year, and modes of reservoir operation. Emphasis will be placed 
on analyses of velocity and depth at side channels and sloughs. 

Update and/or Opgr&de River-Reservoir Water Temperature Studies 

The river-reservoir water temperature studies will be aimed 
at providing input to the studies of environmental impacts on 
fisheries. Although the level of studies will depend on the 
outcome of agency and public review, we anticipate that the 
existing studies, based on one-dimensional models, should be 
updated by incorporating new data, including side channel 
groundwater temperature data and Lake Eklutna temperature da.ta. 
The same one-dimensional models as used in the previous studies 
will be utilized, if they are made readily available and are 
fully documented. If this is not the case, similar (perhaps 
somewhat better) one-dimensional models will be used, for exam
ple: 

• WQRRS model developed by UaS. Army Corps of Engineers for 
reservoirs and river 

• For the reservoir, the one-dimensional Reservoir-Lake Tem
perature and Dissolved Oxygen Model developed by u.s. 
Geological Survey; for the river, the Unsteady Stream Sys
tem Temperature and Sclute-Transport Simulation lvJ.odel (Lag
rangian Transport Model) developed by u.s. Geological 
Survey for river. 

The model studies will result in vertical temperature pro
files in the reservoirs and longitudinal average temperature 
profiles in the river under with- and without-project condi
tions. Different discharge conditions, modes of reservoir ope
ration, seasonal variation and unsteady flow conditions will be 
accounted for. 
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ft River Sedimentation r-iodeling Studies 

Depending on data availability and outcome of agency and 
public review, a one- or two-dimensional river sedimentation 
model will be used to support the environmental impact studies. 
The model output will include longitudinal and lateral river bed 
profiles and bed-matel":"ial size distribution, (longitudinal vari
ation only if one-dimensional model is used), sediment transport 
rates and flow depths under e~isting conditions without project 
and future conditions witn project. Different river discharge 
conditions, modes of reservoir operation and seasonal variation 
will be modelt.~(! .. 

Dr. John F. Kennedy and Dr. Forrest lYJ.. Holly, Jr., of In
stitute of Hydraulic Research, University of Iowa, will be re
tained as·special consultants, as they have extensive experience 
in river sediment transport studies and are thoroughly familiar 
with the proposed models. 

River-Reservoir Wat.er guality Modeling Studies 

Selected water quality parameters will be modeled to pre
dict project impact on river water quality. The v1ater quality 
parameters to be modeled will include dissolved oxygen, suspend
ed sediment, phosphate, nitrate, total dissolved solids, turbid
ity, and pH, as they are important to environmental studies. 
The vvQRRS Model developed by u.s. Army Corps will be used. 

The model studies will depict the water quality variation 
in the vertical direction in the reservoirs and longitudinal 
direction in the river. Conditions to be studied will include: 

• With and without the project 

• 
• 
• 

Different modes of reservoir operation 

With and without reservoir clearing 

Different reservoir outlet locations 

Different river flow conditions including wet, mediwn and 
dry-year conditions 

Qp_date and/or Upgrade River .... Reservoir Ice Cover Studies 

Existing river-reservoir ice cover studies will be updated 
and upgraded by incorporating new data including field ice ob
servation. Change in the ice-cover period and ice thickness due 
to the project will be predicted by accounting for change in 
river-reservoir temperature and streamflow due to the project. 
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Dr. John F. Kennedy will be available as a special consultant, 
if needed. 

Optional .subtasks 

Two-Dimens-ional River-Reservoir Temperature Modeling Stud
ies. -rh the event that one-dimensional temperature models are 
too crude for environmental impact studies, two-dimensional 
models will be used. 

Lonaitudinal and vertical temperature profiles in the re
servoirs-will be determined by using the Laterally Averaged 
Reservoir J:.'Iodel developed by Water~vays Experiment Station, Corps 
of Engineers. Conditions to be modeled will include: 

• With and without project 

• Different river discharge conditions including wet, 
medium and dry years 

• Different modes of reservoir operation 

• Seasonal effects 

For stream reaches, longitudinal and lateral temperature 
profiles will be determined by applying the one-dimensional 
unsteady Lagrangian Transport Model developed by u.s. Geological 
Survey to each longitudinal segment (i.e. along main channel and 
along side channels). The number of longitudi.nal segments to be 
modeled will depend on the number of side channels and available 
data far model calibration. The conditions to be modeled will 
be the same as those listed above for reservoir modeling. 

The results of two-dimensional temperature modeling studies 
will be used to approximate two-dimensional variation of other 
water quality parameters which are strong functions of tempera
ture. 

Hydraulic Studies 

Darn 

Hydraulic studies for the detail design of the dam and its 
foundations will determine the \vater seepage ~~p:adients and pore 
pressure gradients within the dam, considering alternative dam 
cross-sections and foundation conditions. These hvdraulic 
studies will be important in finalizing the dam zo~ing and foun
dation treatment. The pore pressures thus determined will be 
input to the dynamic analyses for the dam. 
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Diversion Tunnels and Cofferdams 

We will conduct hydraulic studies for the Project Concep
tual Design development, to establish the economics of tunnel 
size and cofferdam height versus diversion flood frequency. We 
will give special consideration to the passage of ice through 
the diversion tunnels during the diversion and construction 
period. Confirmation of .tailwater levels ir the Feasibility 
Report will be required. 

Computer programs to be used in the Project Conceptual 
Design and in the detailed design phase vlill model the follow
ing: 

• Tunnel Water Profile and Pressure Profile (HARZA) 

e Flood Routing (HARZA) 

• Ice Studies (Co~ps of Rngin~ers) 

spillwa_xs 

.Hydraulic studies to be done will determine spillway align
ment and profile after receiving geologic and topographic defin
ition. The studies will address the hydraulics of the approa.ch 
channels to the spillway control structures. The flow through 
the spillway to the receiving channels downstream will also be 
studied to achieve an alignment favorable to minimizing erosion 
of the river banks and channel as well as evaluating aggradation 
or degradation of tailwater levels. Flood routing studies will 
be done using the design floods to optimize the Project Concep
tual Design from the standpoint of the cost of the dam, spill
ways and diversion tunnels and cofferdams. 

Computer programs to·be used in the Project Conceptual 
Design and the final design of the Spillways will analyze: 

• Reservoir Flood Routing (HARZA) 

• Dynamic River Routing (Corps of Engineers) 

• Water Surface Profiles (Corps of Engineers) 

• Boundary Layer and Water surface Profile (HARZA) 

• Pressure Profiles (HARZA) 

A comprehensive physical model is required to confirm the 
Conceptual Design. Information from this model will be used 
in the final design and construction-contract drawing prepara
tion. The model studies will be done at a facility convenient 
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to the design office. We have used the model facility at Wash
ington State University for previous projects. 

Power Facilities 

We \\'ill perform hydraulic studies to confinn the tailwater 
rating curve power tunnel size, surge chamber size and tailrace 
tunnel. size~ The hydraulic studies for the detail design will 
commence after the detailed design criteria and design memoranda 
have been reviewed and approved by the Joint Venture Internal 
Review Board, as well as by the Po~ver Authority and its External 
Review Panel. The hydraulic design criteria and design memo 
will specify, for example: 

• Power plant operating conditions 

Head loss coefficients for bends, expansionsr and contrac
tions 

• Tunnel friction coefficients to be used in hydraulic trans
ient studies during unit load acceptance and load rejection 
conditions 

• Turbine performance curve to be used in transient studies 

The results of the hydraulic studies will be used in the 
development of ( 1) structural design criteria and memo·randum 
(2) turbine design memorandum and input to turbine supply con
tract documents. No hydraulic model studies are required for 
the power tunnels, surge chamber or tailrace tunnel. 

Computer Programs to be used in the Project Conceptual 
Design·and power facilities final design will model: 

• Turbine Transients (HARZA) 

• Tail Tunnel and Surge Chamber Transients (HARZA) 

• Head Losses (HARZA) 

• Tailwater {HARZA) 

Low Level Release Facilities 

Hydraulic studies for the Project ConGeptual Design 
development will confirm the optimum tunnel diameter for the 
reservoir mid-level release facilities and its outlet valve 
structures location. The hydraulic studies for the detailed 
deisgn and contract construction drawing preparation for these 
facilities will consist of transient studies for the various 
valve operating conditions and intake gate closure to define 
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maximui-n and minimum pressure gradients for structural design of 
the tunnels. The results of the transient studies will be in
cluded in the contract documents fo-r supply of the tunnel mani
fold steel lining, outlet valves, and the design of the intake 
gate. Tailrace erosion and protection also will be studied. 
The low-level emergency release facilties in the diversion 
tunnel v1ill be studied to determine gate chamber head loss and 
w·ater profile in the tunnel downstream of the plug. Hydraulic 
model studies will be made if the double head-break gate chamber 
is used. 

Computer proyrams will be used in the studies to model: 

• Transients from Valve Operation (HARZA) 

• Tunnel Head Loss (HARZA) 

• Open Channel Tunnel Water Profile (HARZA) 

POWER SYSTEM STUDIES 

Review of Prior Studies 

The power generated at Susitna will be transmitted mainly 
to the Anchorage and Fairbanks load centers by way of a 345-kV 
trans111.ission system. The Electric Systems Studies performed by 
Acres and contained in the March 1982 Report conclude that ·the 
345-kV AC transmission system would be the most suitable. 

The feasibility level electric system studies concluded 
that the basic system configuration will provide satisfactory · 
system operation t'>?i th maximum Susi tna output. We will define 
the system requirements in greater detail to establish component 
ratings for the design stages of project implemfntation. 

This will entail a detailed review of the previous system 
studies to determine whether any revision of assumptions for the 
system analyses is required. Our review of prior studies will 
provide a data base for the further studies, and will address 
the following: 

• 

Review of planning cri te:ria used in determining transmis
sion system requirements 

Review of system energizing procedures for initial ener
gizing and routine operations 
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• Review of load flow and stability studies of the system at 
different stages of development. 

• Review of proposed corrective measures. 

• Analysis of proposed system configuration. 

• Analysis of proposed Energy Management System (EMS). 

Further Studies 

Power system studies are required for the preparation of 
specifications and evaluation of bids.. These studies will be 
made for generators, generator step up transformers, turbine 
governors and controls, excitation systems 1 switchgear, trans
mission'lines, surge arresters, lightning protection of substa
'tion, and power plant electrical components .. 

Our studies will be performed in close cooperation with the 
Power Authority and the Railbelt facilities responsible for 
design and operation of the interconnected transmission lines 
and substations. This will allow accommodation of any changes 
in transmission system design, such as change of transmission 
line configuration and length, line parameters, reactive compen
sation, or other parruneters that could affect the behavior of 
the system. We will schedule the studies so as to ensure timely 
input to the detailed design of the Watana Dam and the associ
ated transmission lines and switchyards. 

Specific power system studies will include the following: 

Load Flow Studies. These will be performed to meet the 
follo~in~ requirements: 

• 

• 

• 

Determine the power flow level for various modes of plant 
operation and system load conditions 

Determine generator power factor and voltage regulation 
requirements 

Determine transformer taps, controls, and ratings 

Determine reactive power supply and control requirements 

• Determine losses 

• Provide a data base for stability and transient network 
analysis studies 

• Determine feasibility of various modes of hydro-thermal 
generation dispatch 
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We will use a load flow computer program for these studies, 
to exaroin~ various alternatives under high, medium and low loads 
and under both normal and emergency conoitions, as required by 
the planning standards. Load flow calculations will be made for 
various stages of project development. · 

System energization procedures will be examined to ensure 
that all voltages will remain within rated limits at each stage 
of project development, and with provision for outages de
termined by the established planning eriteria. The effect of 
possible variations in the load shares of the Anchorage and 
Fairbanks areas will be analyzed. 

The reactive compensation studies will consider fixed and 
switched reactors, as well as the possible use of static var 
compensators or English Electric trable-triplers. The most 
effective reactive compensation levels for the system, will be 
determined. 

Transient Stability Studies. These studies will have the 
following obJectives. 

• 

• 
• 

Determine allowable li1ni ts of machine inertia to ma.intain 
power system stability 

Verify generator and step-up transformer reactance limits 

Verify application of generator excitation and speed gover
nor characteristics 

• Provide input to hydraulic studies relative to the power 
system 

• Determine circuit breaker reclosing requirements 

• Review the adequacy of three-pole rather :.han single-pole 
switching 

• Determine need for provisions to maintain dynamic stabili
ty. 

As the conceptual studies.proceed and more detailed infor
mation becomes available, the transient and dynamic stability of 
the system will be evaluated more precisely and design require
ments will be identified for implementation. 

The stability studies will use a stability computer program 
capable of modeling the system in adequate detail. Transient 
stability studies will cover major stages of system development, 
as well as both high and low load levels. They also will iden-
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tify those faults judged to be most severe within the require
ments of the planning standards. 

Dynamic stability evaluations similarly will encompa·ss the 
full range of applicable conditions. As proble1ns of transient 
or dynamic instabili..cy are detected, we will recommend the best 
ways of resolving them by changes in equipment parameters or 
system configuration. 

Transient Network Analysis (TNA) Studies 

Transient Network Analysis studies will be performed to 
determine the following: 

• Basic Impulse Insulation Level (BIL) 

• Basic Switching Surge Level (BSL) 

• Insulation coordination 

• Determine surge arrester ratings 

• 

• 

Determine transient and sustained voltage conditions at 
pJwer plant substation 

Investigate ferro-resonant conditions taking into account 
the saturation characteristics of generator step-up trans
formers. 

• Verify the need for resistors in high voltage circuit 
breakers for opening and closing operation. 

• Analysis of switching surge levels and transient voltage 
conditions for underground powerhouse. 

• Determine grounding requirewents. 

TNA studies will use one of various analog transient net
work analyzers available. The TNA laboratories to be co~sidered 
will be IREQ Hydro Quebec, General Electric, McGraw-Edison, and 
Westinghouse. As required, the Electromagnetic Transient Pro
gram (EMTP) will be used to augment the work done on the analog 
TNA. 

We will evaluate lightning surge protection for lines and 
switchyard in consideration of available lightning data for the 
project region. Surge arrester requirements will be deter
mined. 
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n If single=pole reclosing is to be used, the TNA studies 
will establish the need, configuration, location and ratings for 
neutral reactors. 

System grounding studies will establish the number of 
transformers that must be grounded in each substation to keep 
the Xo/Xl and Ro/X1 ratios within the limits for effectively
grounded systems. Protective measures will be developed to 
minimize the effects of geomagnetic storms on transformers. 

All studies will use models of the necessary stages of the 
project and reasonably likely switching conditions ~f the 
system. 

Short Circuit Studies 

We will use a digital computer short-circuit program for 
the following: 

• Providing equivalent impedance values for TNA studies. 

• Determining circuit breaker interrupting ratings. 

• Providing a data base to calculate fault current levels 
required to determine relay requirements. 

For the purpose of determining circuit-breaker ratings, 
vle will perform short circuit calculations for the fully-deve
loped system. For other purposes, short circuit studies of 
intermediate stages of development will be made as well. 

We propose to calculate three-phase and single-phase-to
ground faults at all significant points of the system. We also 
will calculate total faults and contributions. We will deter
mine equivalent impedances to satisfy the TNA study require
ments. 

System Control and Relal Coordination Studies 

Using commercially-ava.ilable computer programs, relay co.
ordination studies will be performed to: 

• Ensure selectivity and stability of the system during fault 
conditions and o.ther disturbances. 

• Determine the feasibility of reclosing systems and breaker 
tripping times assumed in transient stability studies. 

• Determine optimal types of relaying and types and signal 
carriers. 
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• Select primary and backup protection schemes& 

The results of relay coordination studies, load flow 
studies, short-circuit studies and transient s·tability studies 
are mutually int~rdependent and consistency will be maintained 
at all t:Lmes. 

Reports. The following reports will be issued at time of 
complet~ono 

e Electric System Studies Review. 

• Susitna Hydroelectric Project and the Updated Electric 
System Studies • 

. ENERGY MANAGEMENT SYSTEM (EMS) STUDIES 

EMS requ~rements will include the schedule of required 
implementation of each subsysten1. Functional requirements for 
the SCADA subsystem, generation control subsystem, power sched
uling and load forecasting subsystem, system security subsystem 
and system support subsystem will also be developed. 

We will perform an optimization study of the communication 
subsystem to identify the most cost effective communication 
media between each of the monitored links of the powe~ system. 
This study will consider several carrier systems (power line 
carrier, owned or leased telephone lines, microwave link) or a 
combination and determine for each segment of the system the 
type of carrier that best satisfies the requirements of reliabi
lity of communication and cost efficiency. The need for redund
ancy and emergency communication links will be identified and 
appropriate systems selected. The results of the Energy lVIanage
rnent and Communication systems study will be presented in a 
report at the time that this study work is completed. 

PROJECT LAYOUTS 

Project Conceptual Design studies will be executed using 
criteria established by the Transition Team and appt·oved by the 
Internal Board of Review. trhe conceptual design criteria will 
be based on accepted engineering practice and latest field data 
where applicable. rrhe conceptual design will be expanded later 
to result in the final design criteria, which will be used in 
the preparation of detailed design. 
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Dam 

The conceptual design criteria for the dam will be use as 
references the criteria used in the Fe as ib il i ty Report, an as
sessment of all the pertinent field data collected and the ac
cu.mulated experience of the members of the Transition Team. The 
criteria will provide the basis for preliminary dimensions of 
the dam crest, upstream slopes of the Clam section, oownstream 
slopes of the dam section, freeboard, depth of foundation strip
ping, foundation excavation, foundation treatment, and dam loca
tion constraints, based on surface observations and available 
subsurface investigations. Quantity estimates and preliminary 
cost estimates will be prepared for the layouts for each of the 
selected study axes. 

Diversion Tunnels and Cofferdams 

The conceptual design criteria will include diversion de
sign flood information, hydraulics, structural and geotechnical 
input in the form of guidance with respect to locating tunnel 
portals, tunnel alignment and spacing between tunnels. The 
layouts studied will be compatible with the layout for the dam 
associated with the selected dam study axes~ 

Spillv1ays 

The Transition Team will confirm the prior hydrologic 
studi~s that resulted in the project probable maximum flood and 
design floods. The team will establish the criteria for routing 
the various floods through the Project spillways with respect to 
reservoir elevati<.1n at commencement of flood inflow, power faci
lities discharge, outlet facilities discharge, and spillway gate 
operation. They will confirm the required dam freeboard with 
the respective flood discharge. The hydraulic criteria will 
specify design head on the spillway crest, estimated bulking to 
add to the water profile to establish the height of the chute 
walls, and guidance with respect to the bucket locations to be 
studied, as well as the bucket geometry. Quantity takeoffs ~nd 
preliminary cost estimates will be prepared fo~ each layout.~ 

Power Facilities 

'rhe Transition Team ~V'ill confirm the number and size of 
units to be installed at Watana. They will then establish tne 
conceptual design criteria for the power facilities conceptual 
layout studies. The criteria will include direction in the 
geotechnical area as to spacing between intake tunnels, intake 
approach channel cut slopes, minimum spacing between the trans
former gallery, generator hall and surge chamber, and optimum 
orientation for these underground structures based on the latest 
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field information on joint sets and other important subsurface 
discontinuities. The hydraulic criteria will include direction 
on allowable velocities through intake trashracks, intake tun
nels and tailrace tunnels, as well as with respect to the pre
liminary surge studies to size the surge chamber. The hydraulic 
criteria also will include parameters for the tempe~ature con
trol of project water releases through the intake structures .. 

A list of Project data pertinent to the supply of equipment 
will be assembled and sent to major equipment suppliers in the 
u.s. ana abroad. The data will include headwater and tailwater 
elevations, Project elevation with respect to sea level, unit 
flows, seaport unloading restrictions, railroad and roads clear
ances and weight limits. Suppliers will be asked to provide 
preli111inary dimensions of the major egtlipment, ,-1eights and sizes 
of largest pieces ana major subassemblies to be shipped. This 
information will be used to optimize the powerstation access 
tunnel size and the transformer gallery and generator hall 
widths and heights. 

The studies will include construction access tunnels and 
also the cable shafts and powerhouse access shaft. In the 
course of sizing the cable shafts, access shaft and permanent 
access tunnel, due consi~eration will be given to the heating 
and ventilation of the underground chambers. Structural criter
ia will include floor design loadings, tunnel lining design 
parameters (concrete and steel lining), and guidanc~ for under
ground chamber support. 

Layouts will be compatible with those of the dam, diversion 
tun.nels, spillways and l0\'1 level release facilities. Quantity 
take offs and preliminary cost estimates will be prepared for 
each layout. 

Low Level Release Facilities -
Our review te~n will develop conceptual design criteria for 

the low level release facilities. Geotechnical criteria will 
include tunnel orientation, intake location and cut slope para
meters, manifold tunnel spacing and foundation treatment at the 
outlet/spillway bucket. t1e will prepare layouts for each of the 
dam axes, as well as quantity takeoffs and preliminary cost 
estimates. 

Project Conceptual Layout 

We will screen the layouts and cost estimates for each 
alternative, optimizing the most favorable alternative from 
technical, environmental and cost viewpoints. We will provide a 
report on the selected layout to the Power Authority and its 
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External Review Panel for approval. Once approved, the layout 
will be the Project Conceptual Design and the basis for the 
remainder of work to project completion. 

The work associated with the Project Conceptual Layout is 
done under Work Task 3. The work will be controlled and mainly 
carried out in the Anchorage office with general support from 
the Bellevue office. 

Support from the Harza and Ebasco main offices in Chicago 
and New York respectively, will mainly be in the form of · 
speci-alists on the Internal Board of Review and the Value 
Engineering Team. Task 3, with its detailed list of subtasks, 
estimated man days and cost budget, is included in the task 
breakdown at the end of Section D(b). 
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:. D(b) DESIGN ·oF TECHNICAL AND NON-TECHNICAL F1ACILITIES 

INTRODUCTION 

This section of the proposal presents all of the tasks that 
hava been identified to be accomplished under the contract for 
the detailed planning and design of the Watana Dam. Cer:tain 
tasks are described in detail in other sections but all of the 
required tasks are identified in this section so that the total 
scope of work can be presented in summary form in one location. 
This section presents the procedure for document preparation for 
the Project control system and describes which tasks are requir
ed for the design of the Project facilities. It then describes 
the subtasks within each major task, the schedule for accom
plishing the task and the general sequence of activities that is 
followed. Lastly, it provides examples of the logic diagram for 
selected tasks that are representative of all of the design 
tasks. The information presented in this section provides the 
basis for controlling the entire design program. The Project 
control system is discussed in greater detail in section D(l), 
nManagernent." The description and logic sequence of environmen
tal tasks are Section D(c) "Environmental Programu. 

Management of the Project will be in Anchorage, with the 
major production effort on technical facilities in the ~:r:::d.nt 
Venture office in Bellevue I v~ashington. Support from tne Harza 
and Ebasco main offices will generally be limited to activities 
of short duration, such as specialist support and review by 
senior professionals, and special studies that require large 
computer facilities. Examples of main office support are the 
sophisticated analyses for reservoir and streamflow models, 
hydraulic transients, and seepage and stability studies for fill 
structures. The location of the work is indicated on the man
power budgets for each task presented in the Cost Proposal. 

In making our work plan for the design of the Susitna Proj
ec-t facilities, we have recognized t'\vo primary goals: 

1. To produce a set of individual construction contracts 
and equipment supply contracts that meet the Project 
construction schedule and are packaged to encourage 
bid competition and result in fixed-price bids. 

2. To establish a set of engineering tasks with discrete 
s ubtasks that fac il ita te the scheduling and control of 
the design process and that provide an effective basis 
for gauging the Joint Venture performance with respect 
to the accomplishment of each task oZ our 'Work Plan. 

D(b)-1 

....1 
0 
0: .... 
2 
0 u 
tt; 
w a a: a.. 

.t;::::, 



• 

·• 

Our packaging and scheduling of the. contracts to meet the 
first goal has the following objectives: 

• To maintain a logical· construction sequence 

• To provide a manageable number and size of contracts with 
fixed prices 

• To permit adequate time to collect data to produce con
tracts that will minimize cost overruns generated by 
quantity changes and claims related to quantity changes 

• To provide for maximum competition for contracts 

• Make best use of contractors' equipment spreads and exper
tise in certain kinds of work 

• ~o minimize risk considerations by bidders because of ex
tended contract time 

• To optimize the utilization of constrQction plant 

• To provide the opportunity for early project completion by 
particularly effective contractor performance 

• To provide for careful selection of suppliers of major 
equipment and effective management of their contracts to 
meet construction schedule needs 

These objectives are not entirely compatible with one 
another. Therefore, tradeoffs are required in order to arrive 
at contract packaging which optimizes the composite effect. The 
set of eleven civil construction packages and 15 equipment 
supply packages, and the necessary trade-offs, are discussed 
under "Schedule of Tasks", below. 

To meet the second goal of the design phase, we have estab
lished a program that provides: 

• Careful planning and execution of field investigations to 
provide a timely flow of environmental and geotechnical 
information resulting in the efficient preparation of de
signs and contract documents. 

• Sensitivity to the requirements of the licensing and per
mitting processes, with timely and effective explanation of 
the design process and its output to cognizant agencies and 
the public, and response to their questions. 

• A well-established work flow logic which provides for an 
orderly development of cost effective design from the con-
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ceptual stage through analysis of data, formalized agree
ment on design criteria, detailed design, preparation of 
drawings, specifications and contract'documents. Appropri
ately scheduled reviews by the Joint Venture Internal Board 
of Review, the Construction Manager and the Power Authori
ty's External Review Panel, as well as information exchange 
with the resource agencies and the publie, will assure the 
quality and acceptability of the project, 

A management plan that provides the required skilled per
sonnel in locations that can most effectively serve the project. 
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PROJECT CONTROL OF TECHNICAL DOCUMENTS 

The Joint Venture participation in the Susitna Project will 
be developed through regulatory, environmental, and engineering 
phases that may be categorized generally as: 

1. FERC Licensing Support 

2. Environmental Monitoring 

3. Conceptual Design 

4~ Detailed Design 

5. Contract L0cument Preparation 

6. Construction 

7. Start-up and Operation 

Regardless of the number of work tasks or the complexity of 
their interrelationship, all tasks of the work program lend 
themselves to control by documents. Some of these docUlnents 
serve to control technical quality of the work; some serve to 
control budget and schedule. Satisfactory control of all three 
factors; quality, budget, and schedule, provides maximum assur
ance of a successfully completed project. The Joint Venture 
will use several key documents in execution of the Susi tna Hy
droelectric Project work program. All have proven to be very 
effective in past project performance. 

In addition to investigation memoranda which apply to the 
study phase of the work program; design memoranda, quality con
trol ana quality assurance memoranda, inspection report forms, 
test report forms, and other documents applicable to each phase 
of work will be prepared. In each of these categories, work is 
to be identified in detail prior to the execution of the work. 
In most instances, examples of similar work completed previously 
on other project will be referenced and included so that maximum 
benefit of prior experience is gained. The control system for 
all memos, reports and other work packages will be similar to 
that described for the investigation memos. 

Several investigations and studies are required to confirm, 
refine, optimize, or further develop specific aspects of the 
Susitna Project. These include, among others, important efforts 
in the field of geotechnical, environmental, hydrology, and 
hydraulic engineeringo The proposed investigations are describ
ed in detail in appropriate sections of the proposal. For each 
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\.j of these work efforts we will prepare an investigation memoran
dum. The investigation memorandum will identify what ·work is to 
be done, what specific methods will be used (including reference 
to applicable national and/or international standards), who will 
do the work (including any subcontract groups), where the activ
ity will be conducted, when the activity will start and finish, 
how much is budgeted in the work, what interim and final pro
ducts are expected, and how the products are to be used. 

Investigation memorandum preparation will be ordered form
ally by the Operations or Program Manager (Engineering, Environ
mental and Regulatory, or Project Control) in Anchorage from 
appropriate members of the project teant (e.g.; the head of geo
technical exploration programs). In the case of portions of the 
project team that report directly to the Project Manager, the 
Project Manager will issue such requests. The Transition Pro
gram Team will advise the Project Hanagement team of the need 
for several investigation memoranda, and will prepare some of 
the memos. 

Project Control Operations will then insert the approved 
work program into the overall project control system (EPICS), 
which is described in detail in Section D(l) of the proposal. 

Utilization of the investigation memorandum/EPICS tracking 
method is of special importance to the Susitna Project. A large 
amount of costly field and other study work must be started and 
c:ompleted very quickly to maintain a design schedule allowing a 
construction start early in 1985. There is no room in either . 
schedule or anticipated budget for misdirected effort. The 
procedure outlined above permits a large Joint Venture staff and 
the.several support organizations new to the Project to be pro
ductively engaged in Project activity by ensuring that they are 
properly guided and directed. The procedure simultaneously 
provides detailed information for the management team and the 
Power Authority. 

Each of the m~moranda discussed above (e.g. design memoran
da, procurement memoranda, etc) will have a specific project 
document as its result. These project documents will be combin
ed and form a singular document know as the Project Specifica
tion. SuJplementing the memoranda forming the Project Specifi
cation w~ll be procedures for documentation control and assign
ments of task responsibilities. The Project Specification and 
the Procedures Manual will thus serve the basis for control of 
the Project, i.e., administrative as well as technical. 

The formalized document control procedure will be developed 
and administered by the Project Control Manager. The purpose of 
this procedure will be to delineate for all the technical pro
ducts, the distribution to and designation of those parties 
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having responsibility for review and signoff of the each docu
ment. It will the Project Control Manager's responsibility to 
ensure that the procedure is followed and that proper control of 
all reviews is performed. 

The Project Specification will include a listing of the key 
project documents and the discipline or individual responsible 
for the item. This discipline/individual will be responsible 
for all technical and project related matters concerning the 
document.. Generic docwnents prepared by the responsible discip
line/individual will be passed on to the Engineering Manager for 
acceptance and to the Project Engineering Operatis.)ns Ivlanager for 
Project approval. Documents and memoranda relating to design 
critezoia and other factors affecting technical quality of the 
design and operation of the project will undergo an independe~t 
review and approval by the Project Internal Review Board's in
dividual assigned for this document. The Project Specification 
Document Control section will clearly delineate all Project 
Documents and the review cycle associated with each document. 
It will be the responsibility of the Project Control Manager to 
insure that the Discipline Responsibility Listing is accurate 
and up-to-date. The Project Control organization will report 
status to the P!:'oject Manager on a frequent, informal basis and 
will provide formal, regularly scheduled status reports to the 
Project Manager, the Operations, Manager and the Internal Review 
Board.. Project Management, through the Project control organi
zation, will ensure issuance of significant results to all af
fected units of the project organization. The Project Control 
organization will maintain the master file of these and all 
project documents, including subcontracts and formal communica
tion on significant matters. 

The above routine of document flow and control will be 
practiced in general for all activities taking place throughout 
the period of development of the Susitna Hydroelectric Project. 

A summary listing of reports, design memoranda, drawings 
and o1~her documents which are the "oeliverables" of the Joint 
Ven.tu1:·e work program is presented in the section n Tasks," at the 
end of this section. 

Bnvironmental and Regulatory Program work and Public Parti
cipation Program activity will be monitored and controlled in a 
fashion similar to that described above. The products of these 
portions of the work program, whi.le not comprised of design, 
manufacture, installation, and construction of Project compo
nents, are nevertheles2 tangible commodities against \vhich a 
budget fo~ecast can be made, progress monitoring can be exercis
ed, and interrelationship control can be applied. 'rhese pro-

•~ ducts will take the form of licensing and permitting milestones, 
:~) nev1sletter reports, mitigation programs,. milestone achievement 
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• meet.ings; and the l.ike. Project Control Operations will include 
these functions within the EPICS-CPM for the overall work pro
gram. 

Fundamental elements of the Joint Venture project control 
system include these items commonly found in general engineering 
practices: 

• Timesheets, logged and crecked by supervisors with entries 
coordinated to authorized sub-task nomenclature (digitized) 

• Drafting Standards Manual 

• Design Guide Manual 

• Earned value records based on division of tasks into multi
ple weighted segments 

• Progress reports of types suitable for general management 
overview, and other forms suitable for detailed section and. 
squad-level analysis 

• Standard details 

• Standard procedures of checking drawings 

• Quality Control/Quality Assurance rvianuals 
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IDENTIFICATION OF TASKS 

The tasks that have been defined can be divided into three 
general categories: 

1} Management, meetings, and supporting investigations 
and studies 

2) Design of technical facilities 

3) Design of non-technical facilities 

Management, Meetings and Supporting 
Investigations and Stud1es 

Management activities in this category include project 
management, management of the engineering, environmental, and 
project control activities, and management of the design subcon
t:cacts for non-technical facilities. Support to the Power Au
thority in processing the FERC License Application, in presenta
ticns to the External Review Panel, and in the public participa
tion process are also included. The preliminary activities that 
cover review of the feasibility report and lead to preparation 
of the Projact Conceptual Design Report and the geotechnical and 
environmental inve£itigations and studies that relate to several 
features of the project are included in this category. 

The following nine tasks are defined to cover the manage
ment, meetings and supporting studies and investigations. 

Task 

1 

2 

3 

4 

Title 

Project Management 

Project Support Service 

Review of Prior Studies, Project Conceptual Design 
and Detailed Schedules 

Environmental Studies 

5 Geotechnical Field Investigations 

6 FERC License Support and License Compliance 
Activities 

7 Electric Power System Studies 

8 Meetings for Public Participation Support 

9 External Review Panel Meetings 
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E._esign o!_ Technical Facilities 

Design of'the technical facilities is divided into eleven 
civil construction contracts and fifteen equipment supply con
tracts. Each contract represents one task in the design pro
gram.. Home office support and field support during construction 
to provide quality assurance are two additional tasks that are 
ihcluded with the design of technical facilities. 

The technical facilities include the following major 
project features: 

• Construction Diversion Facilities 

• Main Dam 

• Buried Channels and Reservoir Treatment 

• Spillways and Outlet Works 

• Power Facilities 

• Control Facilities 

All of the construction work for the preceding project features 
will be accomplished within the eleven construction contracts 
mentioned previously. Table D(b)-1 summarizes the scope of work 
that is covered in each construction contract and Table D(b)-2 
lists the equipment supply contracts. 
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Table D(b)-1 

CIVIL CONSTRUCTION CONTRACTS 

Civil 
Task Contract Title 

10 C-1 Diversion 
Tunnels 

11 C-2 Main Dam I 

12 C-3 

13 C-4 

14 C-5 

15 C-6 

~lain Dam I 

Main 
Spill\\7ay I 

Outlet 
Facilities 

Power 
Facilities 

Scope of Work 

Portal and Tunnel Excavation; Design 
ana Install Temporary Support 
System: Install Concrete Linings; 
Furnish and Install Concrete Tunnel 
Linings. 

Excavation of Abutments; Drainage 
and Grouting Access Tunnels; Drill
ing and Grouting Inside Galleries. 

Construction of Cofferdams and 
Diversion of River; Excavation of 
Dam Foundation Treatment; 
Consolidation Grouting of Dam 
Foundation; Darn Embankment to El. 
1400; Excavation of Intake Approach 
Channel and Power Intake Structure • 

Excavation of Main Spillway (Chute), 
Foundation Treatment; Excavation of 
Gallery Under Spillway. 

Portal and Tunnel Excavation, In
stall Concrete Lining; Furnish and 
Install Steel Liner up to Entry to 
Discharge Valve House, Pov1er Intake 
Structure and Outlet Facilities Gate 
Structure. 

Underground Excavation of All Power 
Facilities; Design, Install Tempora
ry Support Systems; Install Concrete 
Linings; Furnish, Install Steel 
Penstock Linings; Install Steel 
Conduits in Diversion Tunnel #1 
Plug and High Pressure Slide Gates; 
Mass Concrete and First Stage 
Concret~ in Powerhouse, Transformer 
Gallery and Surge Chamber. 

16 C-7 Nain Dam III Embankment to El. 2210; Excavation 
of Relict Channel, Emergency 
Spillway, Tailrace Cofferdam, and 
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17 C-8 

18 C-9 

19 C-10 

• 20 C-11 

Aggregates 
and 
Concrete 
Production 

Main 
Spill\vay II 

Completion 
and 
Equipment 
Installation 
for Spillway 
Outlet 
:&,ac il i ties 
& Power 
Facilities 

Willov.T Con
trol Cente~ 
Microwave 

Swi tchyard; Relict Channel TrE:~a t-· 
ment; Fuse Plug Embankment. 

Furnish Concrete :!~ggregates, C~~ment 
and Additives; Provide Batching, 
Mixing, and Delivery of Concrete for 
All Project Features except Diver
sion Tunnel Linings. 

Construction Concrete Structures 
Including Outlet Facilities Dis
charge Valve House, Power Intak~= 
Structure, and Outlet Facilities 
Gate Structure. 

Install All Owner Furnished Equip
ment Install Second Stage Concrete: 
Construct Control Building, Concrete 
Plug in Diverision Tunnel #2, and 
Bridge Emergency Spillway; Civil 
Construction in Switchyara; Supply 
and Install: Lighting, Heating, 
Ventilating, General Electrical 1 

General Mechanical, Piping, 
Architectural Finishes Including in 
Swi tchyard • 

Construct Willow Control Center; 
Install Microwave Towers and & 
Equipment 
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Task 
21 
22-
23 

24 

25 
26 
27 

28 
29 
30 
31 

32 

33 
34 

35 

Contract 
Document 

E-1 
E-2 
E-3 

E-4 

E-5 
E-6 
E-7 

E-8 
E-9 
E-10 
E-ll 

E-12 

E-13 
E-14 

E-15 

Table D(b)-2 

EQUIPMENT SUPPLY CONTRACTS 

Title 
Turbines & Governors 

" 

Gt~nerator & Excitation Equipment 
Mic~rowave System & Tov1er 

Willow Control Center Diesel Generator, 
Uninterruptable Power Supply, Security 
System, Fire Protection System 

Trashracks, Gates & Gate Operators 
Cranes & Hoists 
Outlet Works Valves, Including High Pressure 
Slide Gates and Steel Liners for Emergency 
Release 

'l'~r ans formers 
Control Switchboards 
HV Sr.-ri tchgear 
Generator Voltage Switchgear 

Station Service Switchgear 

Computer Control 
Power Cables - Furnish & Install 

Switchyard Structures: Busses & 
Accessories 

The la~t two numbered tasks are associated with the desi~n of 
the technical facilities and providing quality assurance during 
construction. They are: 

Task 36 Home Office Assistance during constructior .. " 

Task 37 Field Sllpport to assure the design intent 
is accomplished. 

NON-TECHNICAL FACILITIES 

Management of the design subcontracts for non-technical 
facilities, Task 38, is the only task that is presently identi
fied for this category of activities under the principal con
tract. Other non-technical facili~ies tasks will be defined as 
the design subcontractors are employed. 
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Management of the design subcontracts will be done in a 
manner that is consistent with the management of the principal 
contract for the detailed planning and design of the technical 
facilities~ As the principal contractor, we will outline the 
scope of services, determine the schedu.le for having the non
technical facilities in-place and, together with the Power 
Authority, establish qualification criteria to be met by the 
design firms or joint ventures. Proposals will be invited and 
evaluated using criteria similar to those used by the Power 
Authority for the principal contract,, A selection recommenda
tion will be made to the Power Authority, and upon appi:·;:...val, a 
contract will be negotiated with the selected firm or joint 
venture. 

At present we expect there will be six design subcon
tracts, each of which will be divided into a number of tasks, 
leading to bid packages for construction and equipment supply 
contracts. The six subcontracts will be for the Access Roads, 
Railroad Facilitie:s, Construction Camp, Airstrip, Reservoir 
Clearing, and the Permanent Town. The following list indicates 
the bid packages tha.t could be developed to conform to the :Vower 
Authority objective of awarding fixed-price contracts for con
struction and equipment supply. 

• Access Roads 

• 

Topographic Mapping 
Roads 
Bridges and Structures 

Railroad Facilities 

Topographic Happing 
Roadbed and Trackage 
Bridges and Structures 

• Construction CamE 

Roads 
Structures 
Furnishings 
Maintenance and Safety Equipment 
Camp Power Supply and Distribution System 
Transmission Line for Power Supply 
sewage Treatment Facilities 
Water Treatment Facilities 
Fuel Supp1y & Storage 
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0 Airstrip 

Landing Facilities 
Communication Facilities 
Buildings 

• Reservoir Clearing (Including Inventory & Planning) 

Acr:!ess Roads 
Vegetation Removal and Disposal (Several Contracts) 

• Permanent Town 

Demobilization of Construction Camp & Renovation of Useable 
Buildings 

Furnishings 
Maintenance and Safety Equipment 
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SCHEDULE OF TASKS 

The project schedule for Engineering Work Tasks is shown in 
bar chart form on Exhibits D(b)-1, -2 and -3. There are a total 
of 38 work tasks. Of the 38 tasks, 11 pertain to civil con
struction contracts and 15 to equipment supply contracts. The 
discussion on the following pages deals with Exhibit D(b)-2 and 
the content and scheduling of these 26 tasks, plus Tasks 36, 
Horne Office Assistance During Construction, and 37, Field Support 
Staff. 

The remainder of the tasks pertains to management, support 
functions, the critical initial studies related to environmental 
and geotechnical con~iderations, and early design layout devel
opment, or management and control of design subcontracts. Their 
scheduling is shown on Exhibits D(b)-1 and -3 and they are dis
cussed in our responses to the other special questions under 
Management of Design, sue~ as D(c}, "Environmental Program." 
The schedule and concept of COQstruction and equipment contract 
packaging is based on our current understanding of the Project. 
This approach will be reviewed in detail during the conceptual 
design phase and will be discussed with the Power Authority 
staff and the Construction Manager. Modifications will be made 
as necessary to attain the technical, financial and management 
objectives of the Power Authority. 

In developing the schedule for Engineering Work Tasks, the 
following requirements came into play: 

1. The FERC License was assumed awarded on January 1, 
1985. Additionally, the Power Authority would not 
award eny contract, whether civil construction or 
equipment supply, until after the FERC License had 
been awarded. 

2 ... 

3. 

The pioneer access road would not be constructed. 
That is, .there would be no surface-access to the site 
until it:could be constructed beginning after January 
1, 1985 •. 

Other general requirements wl1ich entered into the 
coi1'tract packag~ng: - .. 
a. Limit The Duration of Contracts. This will limit 

the effect of labor and material escalation costs 
to a given contract. Most of the construction 
activities, as scheduled, fit i:.1to a three-year 
time frame. The major exceptions are the dam 
embankment, which is addressed later, and the two 
con?racts for the power facilities. 
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b. Accomplish Foundation Excavations In Separat~ 
Contracts. Trad~tionally, major claims for con
tract changes and delay have related to field 
conditions affecting design and construction of 
foundations. Much uncertainty may bE! eliminated 
by .comprehensive investigation programs. How
ever, separate foundation contracts will limit 
the impact of any uncertainty just to those 
contracts and will not affect the follow-on work 
contractually. 

Separate foundation contracts will permit "fix
ing" the earthwork or concrete quantities and, in 
effect, allow fixed-price or lump-sum bids for 
the follow-on work. 

c. ~inimi~ nGame _Playing" With Pay Items QE 
Quantities By Contractors During Construction. 
In underground work, both excavat~on and f~nal 
lining or support s.ystem will be included under 
the same contract and paid for as lump sum. 
Where excavation and pay lines and no-pay lines 
will be established for excavation and concrete. 
Temporary support systems will be the responsibi
lity of the Contractor. Opportunity for follow-on 
contractors to challenge safety provisions 
included in the excavation phase will be minimi
zed. 

d., Constructic!!!_, of Cc:>mplete Structures !3.X One Con
tractor. 'I'h~s elJ..rninates interfacing problems, 
delay claims, and management problems which would 
occur if two or three contractors working on the 
same structure should be hindered by actions of 
one of the other contractors. 

e. Grouping ~~ Simil~ Work Scheduled Within the 
Same Time Frame Into One Contract. This results 
ln md're €!"f'ficient; use of the construction plant 
and materialse For example, the earthwork relat
ed to the relict channel, emergency spillway and 
fuse plug are gr.·oupf!d with the dam embankment 
work, permittin~J that contractor to use his ex
pertise to schedule the work and utilize the 
materials generated to his best advantage and 
overall efficiency. Similarly,· installation of 
all equipment (electrical, mechanical, and archi
tectural) was broken out into one "completion" 
contract permitting one contractor to schedule, 
coordinate and perform this work with others 
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required to use the same work areas and equip
ment. 

f. Eliminate Investment In Duplicate Sets Of High 
COSt Construct~on Plant And Equ1pment. For exam
ple, we have proposed that all the Project con
crete (except that in the diversion tunnels) be 
supplied by a separate concrete and aggregates 
production contractor. 

The Watana Construction Schedule, as ohown in the Feasibil
ity Report, Volume 3, Final Draft, was utilized as a basis from 
which the 38 Engineering Work Tasks were programmed. Our review 
of that construction schedule indicated that a well-conceived 
approach to the construction had been developed. However, we 
will· analyze the dam construction procedure in detail during the 
conceptual design phase. If a year could be saved in the con
struction of the dam, with the possibility of earlier reservoir 
filling, the early generation would improve the financial feasi
bility of the Project • 

We have examined the possibility of staging construction 
and w1i t installation for operation at an intermediate reservoir 
level. While the structural and construction solutions are 
possible, we conclude that the relationship of reservoir size 
and probable maximum flood prohibits project operation with 
anything less than all safety features in place. 

Some changes have been made in the schedule to better com
ply ·with the general requirements of contract packaging de
scribed previously. These changes are lnentioned in discussion 
of the specific contractse 

Civil Construction Contracts 

Task 10: Civil Contract C-1 - Diversion Tunnels and Facilities 

Timely start-up and completion of the construction of the 
diversion tunnels is critical to meeting the project schedule. 
For this reason, the .contract is expected to be awarded lnunedi
ately following receipt of the FERC license in January, 1985, 
with bid solicitations and evaluations occurring prior to that 
date. The scope of work is limited to the diversion tunnel 
construction, for t\vO specific reasons. First, the critical 
nature of the work requires that the Contractor concentrate 
solely on the need to complete the diversion tunnels on sched
ule. Second, the absence of a pioneer road discourages 
mobilizing at this early date for construction of features not 
on the critical path. To keep the contract as simple as possi
ble, the diversion tunnel gates are not included~ only the 
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~ concrete portals with the embedded sill beams, guide rails, and 
lintels v1ill be furnished and installed at this time. 

Task 11: Civil Contract C-2 - Main Daw, I --
The work scheduled for execution under the C-2 contract 

pertains to the excavation of the abutments and of the grouting 
and 4rainage tunnels, with their pennanent and temporary con
struction adits. It also includes surface consolidation and 
deep curtain grouting of the abutments and drilling the drainage 
holes. This work is vital to the success of the Project and 
must be conunenced early-on to maintain the Project on schedule. 

The scope of the work is limited, for two reasons. First, 
the access road will not be completed by the time the work must 
beg~n, so the work of this contract cannot require a road for 
mobilization. Second, the v1ork is highly specialized .. 

Although an extensive site investigation program will have 
been conducted to determine foundation conai tions and estimates 
of quantities as accurately as possible, this contract will be 
on a unit-price basis, except for the construction of grouting 
and drainage tunnels. These will be handled on a lump-sum ba
sis .. 

Task 12: Civil Contract C-3 - Main Dam II 

The C-3 contract introduces the most critical stage of the 
dam construction in terms of encountering difficult working 
conditions, unforeseen conditions and adverse weather. Excavat
ing to the dam foundation in the river channel, performing foun
dation treatment, and conf3tructing the embankment in the trench 
thus created are likely causes f6r most breaks in schedules and 
cost overruns. 

It will be the C-3 Contractor 1 s responsibility to perform 
these critical tasks. Excavation of the intake approach channel 
is included in the scope of work to provide a nearby source of 
rockfill materials at the time embankment construction begins. 
During this stage, approach channel excavation will not include 
the detailed excavation required at the power intake or outlet 
facilities gate structures. This contract will include the 
detailed excavation at the power intake and outlet facilities 1 

gate structure and associated rock anchors to stabilize the deep 
cut before the subsequent tunneling contractors portal in the 
upper end of the penstocks and outlet facilities. 

Task 13: Civil Contract C-4 - Main Spillway .!_ 

This contract provides for excavation to foundation, foun
dation treatment, and subsurface drainage facilities for the 
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J8 spillway approach channel and chute. Adequate controls will be 
included in the .contract docwnents to control excavation to 
accurate foundation profile. Concrete volumes will be determine 
a later contract when as-built information from C-4 will be 
available. 

Task 14: Civil Contract C-5 - Outlet Facilities and Power In
take Structure 

This contract includes the excavation and tunnel concrete 
activities required for construction of the outlet facilities 
tunnel, the upstream gate structure 1 and the adjacent power in
take structure., The contractor will furnish and install the 
steel tunnel liners, the manifold, and install the branch liners 
up to the point they enter the discharge valve house. This will 
avoid conflict with the C-9 Contractor responsibile for con
structing the structure. 

Task 15: Civil Contract C-6 - Power Facilities and Access Tun
nels .. 

Preparation of the C-6 civil contract represents a major 
engineering effort, in that preliminary information must be 
gathered from various equipment suppliers and incorporated into 
the designs so that basic overall dimenaions of the various 
excavations can be determined. The input of information from 
the suppliers of the turbines, generators and transformers is 
particularly important to the timely preparation of the-C-6 
contract documents. For that reason, documents for these supply 
contracts will be prepared for bid evaluation and award early in 
1985. 

The most prominent requirements which entered into the 
determination of the scope of work for the C-6 contract were 
those of grouping similar types of work under one contract, 
limiting the number of contractors working within one area or on 
one structure, and providing for concrete lining and concrete 
work in underground construction to be installed by the sarae 
contractor who did the excavation. This eliminates paying extra 
concrete for replacement of overexcavation in an earlier con
tract. 

Task 16: Contract C-7 - Main Dam III 

Contract packaging for constuction of the embankment dam 
will require especially careful study, because it is the primary 
critical path item, as well as the largest cost item. Emphasis 
must be placed on maintaining the schedule, as well as ensuring 
firmness and economy of costs. The Construction Manager will 
provide important input to decisions on packaging. 
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'~ In preparing our proposal, we have ma.de a prc::l iminar.y exa-
mination of the advantages and disadvantages of contract1ng the 
embankment in three roughly equal packages ar as ~ s~ngie con
tract package. We believe that it is better to put all of the 
fill above elevation 1400 into one contract {C-7)a The abutment 
and foundation excavation and treatment, plus initial fill to 
elevation 1400 are packaged in Contracts C-2 and C-3f discussed 
above. 

In a comparison of a single construction contract for the 
dam fill placement with a three-stage construction packaging, we 
believe the single contract has the following advantages: 

1. A single pa~nent would be required for mobilization 
and demobilization of men and equipment. Through the 
Power Authority might elect to furnish the construc
tion equipment in order to to lessen the effect of 
successive mobilizations on the overall project cost, 
this presents problems such as how to control 
contractor abuse of the equipment, or how to combat a 
contractor's claims that the owner-supplied equipment 
is not optimal or sufficient for the job. 

Contract administration by the Construction Manager 
and Engineer is facilitated. 

3. Productivity would be better with a single contractor 
than with multiple conlractors because in the latter 
case each new group of supervisory personnel would 
require a period of learning and adjustment to the 
site work conditions. 

4. 

s. 

A contra.ct:or with a six-year contract could more easi
ly recover from a season of poor work conditions or 
delay; this would be much more difficult under a two
year contr~ct. Also, there would be more opportunity 
to shorten the construction time \!Ji th one contract. 

A longar contract duration could invi t.e economical . 
purchasing of large or sp~aialized construction equip
mc~t or employment of an innovative approach which · 
could t:.1enefit projt:ct and contractor alike. 

Even though we recommend a single extended contract as the 
appropriate vehicle for purchasing the embankment construction, 
we recognize that some advantages may be realized by sub-divid
ing the work. We see such advantages to include: 

1. There can be better competition for smaller contracts 
because the financial and bonding requirements can be 
met by more contractors. 
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2. There would be less built-in contingencies by bidders 
due to their better ability to forecast costs of fuel, 
labor and equipment. 

3.. Smaller size contracts would permit the possibility of 
more competition ~nang contractors of more modest 
capacities. 

4. The awarding of successive contracts gives flexibility 
regarding changes in site conditions, and scope of 
work and may achieve better bid prices. 

Our alternative approach to the large contract for dam 
embankment construction which \ve have presented with the C-7 -
Main Dam III, is to divide the contract into three stages: 

C-7A Main Dam III·- Stage I 
Embankment Construction to Elevation 1810 

C-7B Main Dam III - Stage II 
Embankment Construction to Elevation 2130 

C-7C Main Dam III - Stage III 
Embankment Construction to Elevation 2210 .. 

~ '; 

'~ Each of the above contracts would include other on-site 
earthwork operations which are scheduled during the same time 
period. 

In considering that the dam embankment be conatructed 
under one contract, we have developed a design program so that 
the following actions will be taken to lessen the impact of the 
longer contract duration. First, the sources of construction 
materials will be adequately explored to assure sufficient quan
tities with characteristics suitable for embankment construc
tion. Second, embankment quantities will be c..ccurately deter
mined during previous phases of the work. Third, the contin
gency for escalation of labor and fuel costs would be reduced by 
providing in the contract for reimbursement of some percentage, 
but not the total increase in labor and fuel cost. Bidders are 
thus given reason to remove such contingencies from their bids, 
yet are left with an incentive to minimize any increase to such 
costs during construction. 

Task 17: Civil Contract C-8 - Aggregate and Concrete Produc
tion 

This contract is provided for the purpose of limiting the 
cost of mobilizing for aggregates and concrete production to the 
cost of one plant onlv (except that the concrete for the diver
sion tunnels will be supplied by a small hatching plant several 
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years before the arrival of the equipment of this contract). 
Besides limiting costs, the provision of one centralized plant 
for concrete production will facilitate consistent quality con
trol and production capabilities, since more specialized equip
ment can be economically purchased under such a contractual 
arrangement. M0reover, the learning curve for producing \veil
designed concrete mixe.3 \<lill not have to be repeated with each 
incoming contractor. 

Concrete production at the site is scheduled for late-1988. 
The successful bidder will be given two years of lead time to 
purchase, deliver and install equipment, and produce sufficient 
aggregate stockpiles for sustained concrete production beginning 
at that time. 

·rask 18: Civil Contract C-9 - !Vlain Spillway II 

This contract provides for construction of concrete struc
tures above ground that are related to the spillway and the 
outlet works discharge valve house. All concrete quantities 
will be well defined at the time that these documents are pre
pared, since the spillway control structures, chute foundation, 
and .outlet \vorks valve house will have been previously excavated 
to grade. 

Task 19: Civil Contract C-10 - Spillway, Outlet Facilities, 
PowerFacilities, Compfetion and Bquipment "rnstallation .. ~ 

Contract C-10 includes work requiring expertise in the 
various trades, in addition to concreting experience for second 
stage work. The contract provides for one completion contractor 
who will provide mechanics, electricians, pipe fitters, mill
wrights and other specialists and a program to coordinate their 
deployment throughout the job. 

The Contract represents a major engineering effort due to 
the requirement to provide details of all the equipment to be 
used on the project, whether owner supplied or not, and to in
corporate these d·etails in documents sui table for fixed price 
bidding. 

Task 20: Civil Contract C-11 - Willow Control Center and 
Microwave Building, Install Microwave System ___ _.,, _,., -

The prime target in this contract will be to have the tow
ers erected and the microwave building ready in time to maks the 
system operational in December 1987, thus providing the Pro
ject's first dependable communication from the job site. Six 
months later in the second phase, the control building should be 
ready for the Energy Management System Control. 
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Equipment Supply Contracts 

Tasks 21 through 35 have been designated for the prepara
tion of design memoranda and contract documents for supply of 
owner-furnished major equipment (as distinct from lesser equip
ment- pumps, valves, HVAC -which will be supplied under the 
civil construction contracts, particularly the Completion Con
tract C-10). Some tasks will appear out of numerical order in 
this list, since we have grouped them functionally. 

Tasks 21, 22 and 28: Turbines, Generatorf3 and Transfo-rmers 

Contracts E-1, E-2 and E-8 for supply of turbines and go
vernors, for generators and excitation equipment, and for the 
transformers are the key schedule itemse. Their final dimensions 
and weights will establish the overall gf~ometry of the main 
power features, of which the first stage will be constructed 
under Civil Contr~~ct C-6, Power Facilities, Stage I. According
ly, the awards of these contracts are scheduled so that the 
supplier may submit his design drawings for review prior to 
issuance of documents for Contract C-6* Also, because the stud
ies that lead to the turbine and generator supply contracts also 
are basic to the Detailed Conceptual Design Report, we antici
pate the start of those studies in July, 1983 about six months 

"-i:; in advance of most of the other supply contract work. 

Task 25: Trashracks, Gates and Gate Operators 
·~-----· - -"'"~ 

Contract E-5 will cover the purchase of trashracks, gates 
and gate operators, except those associated with the 0utlet 
facilities and the emergency release. Work on this contract is 
scheduled early to provide to Civil Works Contract C-1, (Diver
sion Tunnels and Facilities) necessary information on embedded 
gate parts. After this initial study information, however, the 
detailed work on contract documents can be delayed for issue in 
mid-1987. 

Tasks 23 and 33: Microwave: System and Comput~r Control §ystem . -. . 
Contracts E-3 ana E-lJ.provide for purchase of the micro

wave system and the computer control system. Engineering work 
on both will need to start early, for these reasons: 

• The microwave system will involve a very long delivery 
time, yet its initiation is considered essential to estab
lishing dependable project communication. It is one of the 
first supply contracts started. 

The computer control syst~n is actually two systems which 
must be compatible. For this reason, we recommend award to 
a single manufacturer pnder one contract. The first com-. 
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puter is for the Energy Management System ( Ef.1S) located in 
the Willow Control Center. Working out the intricacies of 
this sytem with the Anchorage Fairbanks Connection is ex
pected to take about two years~ Engineering will start in 
June, 1983. 

The second computer is that for the powerhouseo The manu
facturer will start on this computer after he is well along 
with the EMS computera Long-lead manufacturing and delive
ry is expected again, tending to force early engineering to 
permit mia-1991 operation, along with other powerstation 
equipment c. 

Task 24: ~villow Control Center Equipment ------
Contract E-4 provides for the Willow Control Center Eguip

mento The engineering-bidding-fabrication-delivery cycl~ will 
be about four years. However, delivery will be tied to the 
availability of the Willow Control Center Building in about mid-
1988. Engineering on control center equipment has been schedule 
to start in June, 1984, allowing concentration earlier on the 
more urgent microwave system and computers. 

Task 27: Outlet Facilities Gates and Valves, Emergency Release 
lf!ll Gates and :§'feelLine.r 
,, 

Initial studies for the equi~nent concerned with the outlet 
facilities (Contract E-7) will provide dimeusioning information 
fct the outlet facilities (Civil Contract, C-5). We have sched
uled C-5 to start in June 1985 to fit in with other civil works 
contracts. Work on E-·7 will begin at the same time but proceed 
slowly, aft·er rroviding the dimensioning information. Award 
will not be necessary until June 1987. 

Tasks 26, 29 through 32, 34 and 35: Other Mechanical and Elec
tricalOwner-FurnishedEqUTpment.-

The discussion above has covered scheduling of eight of the 
fifteen proposed o~·Tner-furnished equipment supply contr•acts. 
Initial engineering work on the remaining seven will start in 
Jana~ary 1984 and proceed for about three months to provide 
preliminary space and arrangements requir·ed to set Stage I power 
station dimensions under Civil Works Contract C-6. Following 
this initial work, the contcacts will be spread for award from 
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late 1985 to late 1987, in order to even out the engineering 
workload and. accomtnoda te required deli very dates. 

In Tables D(b)-3 and D(b)-4 we present a detailed sched
uling of the various proposed civil works construction and 
equipment suply contracts. 

Network Scheduling of Engineering 
and Construction 

The logical segments of the Watana Dam construction have 
been the determinant in our proposed engineering schedules. In 
general, we have followed the schedule presented in the Feasi
bility Report. The following discussions and Exhibits D(b)4.1 
and D(b)4.2 are included in the proposal to indicate the con
struction and equipment delivery interfaces and restraints we 
beleive will be particularly important and to show how our 
engineering schedule recognizes the needs they present3 

The construction of the diversion tunnels assigned to Con
tract C-1 and the cofferdam construction included in Contract 
C-3 follow the schedule in the Feasibility Report. Concurrent-
ly -v1i th the diversion work, a separate Contract C-2 v1ill be let 
to start excavation of abutments and the extensive system of 
drainage and grouting galleries. Some of the adits daylight 
into the core section of the dam that will be inaccessible after 
the embankment rises but access from downstream adits \vill still 
be available if special problems arise in achieving a tight 
grout curtain. The grouting work is scheduled over the first 
three years. 

Contract C-3 includes not only the cofferdams and the power 
intake approach channel excavation that can be used as a source 
of fill for the cofferdam and the main dam embankment below 
elevation 1400. •rhis contract also includes the detailed exca
vation of the power intake structure and adjacent outlet facili
ties gate structure so that the upstream portals for the outlet 
and penstock tunnels will become accessible in 1988. After the 
foundation conditions for th~ dam have been revealed by the work 
CJf the .C-2 and C-3 contractors in 1985-1987, the main dam em
bankment contract will be put out for bids in 1988. 

Excavation of the main spillway, approach channel, control 
structure, chute and outlet discharge valve house will be part 
of Contract C-4 together with the drainage gallery. Accurate 
as-built data on subgrade elevations will be used to facilitate 
lump-sum bidding in 1983 for the spillway concrete Contract C-9. 
The control structure will be given priority in the latter con
tract so that the spillway gates and hoists can be erected in 
parallel with the balance of the spillway chute. 
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CO!'llRl\Cl' DESOHPTION 

C-1 Diversion 'l\.u11~l ' 1.-'acilities 

C-2 Mdin Dam 1 

c-3 ~...sin Dam II 

C-4 t-tain Spillway (excavation, 
foundAtion trcabrcnt) 

0 C-5 Outlet 1-'clcillties, '1\ulltf!l 
.--.. Excavation and Concrete 
ti' - .c-6 ACCE:SS '1\umels & ~r 
l Facili lies (excavation and 

N conc.rct.e structures) 
C\ 

C-7 1-t.Ji:n Uam lll - I)JJase I 

c-a ACJCJn!gulcs & Concrete 

C-9 Haln Splllwdy - Structure 

C-10 CUavlction Cont.rac:l 

C-11 W11ow Cu1trol Clr & Hicn:Mavc 
UuJ ltling 

.,.,.,·.-~ 
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SUSITNA HYDROELECTRIC PROJECT 
TABLE D(b)-3 

SCHEDULE OF CIVIL CONSTRUCTION CONTRACTS 

CLll:lU' UJC:ORPOM'J'E ISSUE ll!O AP!lHOVAL 
I::NGINEE!UNG ENGINWUNG RI:.Vl'U.J Q!l\NGBS l'HOl O.;tU..S OIO Pl:lHOll E.VAUJA'l'l 0.'1 BY cuun· 

S'l'J\R'I' CCNPLE'J'l-; ~ 1 }.ni-rm 1 t-1Jllnl 2 I-!JN'J11S 1 ~1!1!_ 1 M)N'nJ . 
6/1/83. 2/1/84 4/1/Plt 5/1/Bit * 8/1/81! 10/1/84 ll/1/Sit 12/1/84 
1/1/83 t~/1/84 6/1/Blt 711/Blt 1: 11/l/Slt l/1/85 2/1/85 3/1/85 
l/1/83 3/1/85 5/1}85 6/1/85 -}( 8/l/85 10/1/85 11/1/85 12/l/85 

6/1/85 2/1/87 lJ/1/87 5/l/87 ~'( 8/l/87 10/l/87 11/1/87 12/l/87 

6/1/85 5/1/86 7/1/86 S/l/86 ·:: 9/1./87 11/1/87 12/1/87 1/1/88 

l/1/Btt 6/1/86 8/1/IJ6 9/l/86 10/1/86 12/1/86. 1/1/87 2/1/87 
1/l/87 9/l/IJ7 11/1/81 12/1/87 •k lf/1/88 6/1/88 7/1/S'd 8/l/BS 

. 
2/1186 6/1/136 8/1/86 9/l/86 * 12/1/86 2/1/87 3/l/87 Li/1/8) 
6/l/85 -1: 3/1/IJ') 5/l/69 6/1/89 1/1/U9 9/l/8') 10/1/89 11/1/89 
l/l/86 llfl!BCJ 5/l/89 7/1/89 8/l/89 10/1/891 ll/l/89 12/l/89 

l/1/8'• 5/1/8) 7/1/85 8/1/85 9/l/!35 11/1/851 12/1/85 1/1/86 

-~;~.,....~~- :t'· 1~V'W'W: 

?,., 

J· 

·. 
c::cN!HAC'l' 

J\WAIU) 

~'!L f-!>BILIZA'l'ION IID1AfU<S 

1/l/85 (2) 3/1/85 * Slnck 
4/1/85 (2) 6/1/85 
1/l/86 (2) 3/1/86 

1/1/88 (2) 3/1/88 

2/1/88 (3) 5/l/88 

3/1/87 (2) 5/1/87 
9/l/83 (6) 3/1/89 

5/1/87 (18) 1/1/89 (equip ld tiuc & .erection) 

12/1/S9 (3) 3/l/90 
1/1/90 (3) lt/1/90 

2/1/86 (3) 5/1/86 
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EKGIII£ERIHG 

D£SCRIPTIOH 
LATE STAAT 

OAT£ 

E-1 Turbtnu & Goyernors 1/1/83 

E•2 Generuors & Exciter S,Ystt!OS 7/1/8) 

0 E-J tllcrowave S.vstes & Towers 6/l/83 - E-4 11111001 Control Center 111d!l Support Equip 6/1/84 
tJ 

E-5 lrasbrach, lioltes & Golte Hoists 1Ul/83 .._... 
I E•& Cranes & Hoists l/1/84 

l'V 
E-1 ~tl~t llork Valves 6/l/85 -..J 
£·8 Tr&ns foraei"$ 1/1/84 

E-9 Centro 1 Swl tchboilrds 111/84 

E-10 High Yo1Uge Switchgear 1/1/84 

E-11 Gener•tor Vol tlge Switchgear 1/1/84 

E-12 Sbtlon Service Switchgear 1/1/84 
E-13 Co<~ !'liter Contro 1 S.vs tf:jll 6/1/83 
E-H 345 kY P~er Clbles (f&l) l/l/84 
E-ts S•dtch.v•rd Structures l E1~trtca1 (f&l) 1/l/84 

*Slick 

WORKFLOW 
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SUSITNA HYDROELECTRIC PROJECT 
TABLE D(b)-4 

SCHEDULE OF EQUIPMENT SUPPLY CONTRACTS 

IHCORPORrtTE BID EVAlUATION Cll EHT PURCHASE PREPARE I'IIRCH VENDOR SUI!IIIT PREPARE SPECS CLIEIIT i!EYIEII i:Citl & 15SUE BID PERIDO & RECI»tttHOATiONS AUTHORIZED SPEC • ISSUE PO DRAIIINGS COHPlET£ _f!!illi7C: . 111!2\!IRI£5 C!X1Pl£TE COHPlE7E COHPlET£ CClHPlET£ COHPLET£ 
8/1/84 1011/84 1/1/85 4/1/85 5/15/115 7/15/65 .8/15/85 12115/85 
1/l/85 3/l/85 4/15/85 6/15/85 7/15/85 9/15/85 10/lS/85 2/15/86 
7115/M 9/15/84 10/15/84 12/1/84 l/1/85 3/)/85 4/1/85 6/1/85 
l/l/85 )/\'/85 4/1/85 5/15/85 6/15/85 8/15/85 9/15/85 11/15/95 
3/l/87 5/),!97 6/15/87 911/87 1011./87 ll/1/87 12/1/87 3/l/88 
1/1/87 3/llt87 A.l'l.-•"1 6/15/87 7/1'5/87 8115/87 9/15/87 11/15/87 ·~ •IV• 

l0/15/86 12/1;1/86 l/15/87 4[1/87 5/1/87 6/1/87 7/l/87 9/1/87 
3/1/85 5/1/8~ 6/1/85 d/15J85 8/15/85 10/lS/85 11115/85 1/15/86 
5/l/85 7/l/85 8/l/85 10/15/65 t/15/85 l/1/86 2/l/86 6/l/86 
711/85 9/1/85 l0/1J85 12/1/85 1/1/86 3/1/86 4/1/86 7/1/86 
9/1/85 11/1/85 12/l/85 2/1/86 3/1/86 5/1/86 li/1/86 9/1/86 
11/1/85 1/1/86 ?/1/86 4115/86 5/15/86 5115/86 7/15/86 . 9/15/86 
6/15/85 8/15/85 10/1/85 1/l/86 2/1/86 411/86 5/I/S!i B/1/66 
2/1/86 4/l/86 7/1/69 • 9/1/89 11/1/89 1/l, 1:'. 2/1/90 4,'1/90 
4/1/86 6/1/86 7/1/86 9/l/86 10/1/86 12/1/86 1/1/87 4/1/87 

" 

REVIEII I fABRICATE 
REL fOR FAB I DELIVER 

COHPl£TE COHPLETE. REMARKS 

2/15/86 lD/1/90 Vendor drwgs restr1ln PH design 

4/15/86 10/l/91 Vendor drwgs restt·aln PI' design 

7/l/85 5/l/f6 Towers (3/l/87 - Electronics) 

1/15/86 4/1/88 Vendor dnogs restr•tn b1d9 design 

5/1/83 1D/J/!hl £5 of des lgn for l•bedded parts 

1/15/88 5/lj;fl VendGr dn~gs restrain I'H design 

11/1/87 10/l/88 

2/15/86 3/l/g2 Vendor drv,qs restr&fn PH design 

8/1/06 10/1.191 Vendor drwgs 

2/1/86 9/1/SI Vendor dr11gs 

1111/86 9/1/Sl Vendor drwgs 

11/15/86 9/1/~1 Vendor drwgs 
10/1/86 6/1/88 Willow Control Ctr C0111p1ete 
5/l/90 10/1/.91 11/1/91 llatana Computr.r 

6/1/87 4/1/91 Vendor dnogs rt~trafn Sw.vd design 
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•• The outlet facilities contractor C-5 will start his tun
neling in spring of 1988 from a portal south of the lower end of 
the spillway chute which will give him access to the manifold 
upstream from the spillway flip bucket and discharge valve 
structure. This will let bim commence work without i.t1terference 
by the C-4 contractor excavating for the discharge valve struc
ture. He will also have access to the upstream portal after 
excavation by the C-3 contractor in 1988 as noted above. After 
the C-4 contractor completes the discharge valve structure exca
vation in 1989, the C-5 contractor will be able to excavate the 
six branch tunnels to the manifold. After holing through he can 
install the concrete lining, steel lining, manifold, and branch 
linings to the upstream end of the valve structure. 

To avoid interface problems, the C-5 Contract will also 
include the outlet facilities gate structure at the upstream 
portal and also the adjacent power structure. The latter will 
have to be coordinated with the C-6 contractor excavating the 
six penstocks tunnels. Because of the massive size of this 196-
foot high structure, concrete work should be started in 1984 and 
completed in 1989. This will permit installation of intake . 
gates 1 racks, hoists and hoist structures by the C-10 contractor 
in 1990. Note that the C-8 Contract for aggregate and concrete 
production will be bid in 1986 so that the aggregate processing 
plant and batch plant can be erected and in service by the end 
of 1988 so it is available for intake structure concrete in 
1989. 

Excavation of the underground pov1er facilities will start 
with the C-6 Contract in Spring of 1987 after both diversion 
tunnels are in servicee This contractor will excavate the ac
cess tunnels to the powerhouse ana the tailrace tunnels simul
taneously. The objective is to have one of the tailrace tunnels 
and at least two of the draft tube tunn~ls extend into the lower 
powerho~se so that excavation from the powerhouse cavern below 
the access tunnel elevation can be dropped through HlUck shafts 
for disposal. From the main access tunnel, branch tunnels will 
he run to the surge chamber, transformer gallery and the pen
stock manifold. The latter will permit early commencement of 
excavation of the inclined shafts to the intake structure. The 
pen-stock tunnel acts as a restraint on construction of the 
power intake struct.ure. Therefore 1 this represents one of the 
major changes we have made from the Feasibility Report 
Construction Schedule by advancing start of power facilities 
underground work to spring of 1987. 

The C-6 contractor will proceed with first stage concrete 
in the powerhouse as soon as excavation will permit. Simultane
ously, he will follow up with surge chamber and transfo1:mer gal-

~. lery excavation an~ conrete. The horizontal penstock tunnels 
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will be excavated from the construction aait to the powerhouse 
cavern and the steel liners installed. 

When the main dam emban~nent reaches elevation 1660, the 
upper diversion tunnel will be closed and the emergency release 
facilities installed in the two concrete plugs by the C-6 con
tractor. Prior to this date, the C-6 contract will have exca
vated the access tunnel to the vicinity of the two gate cham
bers. The steel liners will be preassembled in advance of lovl
ering of the diversion gates since their installation together 
with the nine high pressure slide gates will be on the critical 
path. Delivery dates have been flagged on the schedule to anti
cipate these operations. The bonnets of the gates will be en
cased in the concrete plugs. After the plugs are placed, the 
mechanical and electrical systems will be installed by the C-10 
contractor and the slide gates checked out for proper operation. 
The trash racks will be installed at the upstream portal at low 
river flow while the portal is accessible. The gates will then 
be raised and the emergency release placed in operation. 

The C-6 contractor will also install the single plug in the 
lower diversion tunnel after closure and start of reservoir 
impoundment • 

. ~ The completion Contract C-10 will include all second stage 
J) COncrete 1 installation Of all OWner-SUpplied equipment aSSO

Ciated with the power facilities, spillway, outlet facilities, 
supply and installation of electrical and mechanical systems, 
plant services, architectural finishes, the control building and 
switchyard civil works. The bid period will be deferred until 
late 1989 to permit designs of all these systems to be completed 
based on approved vendor drawings to facilitate firm lump-sum 
bids. 

To avoid interface problems between the C-6 and C-10 con
tractors, all first stage concrete is scheduled to be completed 
in the powerhoube chamber by the middle of 1990. The C-10 con
tractor will erect the powerhouse cranes in 1990 and sta~rt tur
bine erection early in 1991. Deliveries of owner-suppJ.:ed 
equipment are scheduled so as to avoid winter hauling. 

The intake and outlet facilities gates, hoists and hoist 
supports should be erected early in 1991, if reservoir filling 
is to com1nence in July 1991. A review of hydrology records 
indicate many years with heavy fall inflows exceeding 20,0JO cfs 
\A7hich could bring reservoir levels to the intake invert within 
three or four months. The gates and hoists should be checked 
out with construction power pending energizing of the permanent 
auxiliary electrical systems. That is the reason it is neces
sary to push penstock erection and power intake concrete to 
avoid delay of the closure date. The spillway ana draft. tube 
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gates and the outlet facilities discharge valves should also be 
installed in 1991. Installation of.electrical and mechanical 
systems in the powerhouse will not be restrained by completion 
of second stage concrete for each unit since much of the equip
ment, cable runs, and piping systems are located in side gal
leries, the service bay and in the transformer gallery. Also, 
the control building- contains the computer'and control boards 
w·hich can provide a more favorable environment for their effici
ent fnstallation than the underground facility .. 

. The Willow Control Center and the Microwave System included 
in Contract C-11 and associated supply contracts have a high 
priority.. By· starting design of the nd.crowave system early in 
1983, the equipment orders can be placed in 1985 and erection of 
foundations and towers scheduled in 1986. 'l'h1~ electronics will 
be delivered and erected in 1987 so that the communication sys
tem will be operational that year providing on-site communica
tion facilities for construction coordination. The Willow 
Control Center will be constructed in 1987 and the computer and 
auxiliary equipment associated with the Energy ~lanagement Con···· 
trol System installed in 1988. The system will be mad.:) opera
tionC1l in 1988, independent but with provision for the Watana 
Development. This will allow ample time for staffing and train
ing operation and maintenance personnel for the control and 
scheduling of power of the interconnection.. We c..ssume this same 
staff will also be responsible for the operartion ~na mainte
nance cf the Watana computer system and therefore wl.ll be train
ed prior to the Plant 5 s becoming operational. This should 
greatly assist the Power Authority in placing the Watana Project 
reliably on line in 1993. 
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TASK: 

,.UMBER 

10 

TAS~ DE;SCRIPTION 

Contract C-1: 

l-- I Contract C-
2

; GROUTING, IN1,.1A~ u·--------- ----- __ II ! i I { p"!ulum '"'*!lllillllllllllit!lnill~~-:.. ~ ~. I - I . ' • Q-t Ill! ; ! I; I I! ' 1J 11 IIIII i i II j I i Jl lJ ; II J j : Ill; : I I 
1 MAIN DAfol !I - C~.,;!'FERDAMS, DIVERSION, • . • ' : ; 1 • . ' • l ; I { A i ' I A I Nl ~ I j • I • : I . l I I l ! l l ; tTt1t . ' . . . I • ' ! ! I . ' • l J I • l I 1-+• 

Contrac~ C-3: 

11 

12 

13 C(lntract C-4: !oiAIN SPILLWAY I- EXCAVATION 

1.4 Contul.ct C-5: OUTLET FACILITIES 

15 I Contract C-G! 

18 Contract C-7: 
SPILLWAY 

11 Contract C-6: 
'1:" • 1 I • ~ I , - .. .. t - ... ~ ' ' ' i 

CONCRETE AND AGGREGATE PRODUCTIOP4 I ; . . i I i I· ; I ; I • ; J I 1 I II ! 1 i • ! ; I I ' lllllll~lllll~llinuiallllli!~. ~-r !~r l I l ; I I . I ! ff: . i ~ r:~r""":""~---:-;-:~ . --t---.---.,._,..._. ~-
___ ,.,_ - ~ ' ' 'f ... ~ 1- - • 

t !: t ~ ol ~ 1 

18 Contract c,-9: MAIN SPILLWAY II- CONCRETE --- -· 
c t C-10" COMPLETION CONTRACT! ALL SECOND ± . ' ' .. I j ' . I • .1 I ••• ' • ~ • .I • '... .. M. • 

1
9

. ontrac • STAGE C~~TE A_ND INSTA_LLATIONS . ~.' ~ · 
1 

• ' l _ , 
1 

j ; 
1 

_· i____f!!!!~~IIIIBIIIIIIIII'!~~f!IIIIIII~>!UI~IIIII!IIIIII~~I Ullllll~ll!.llllllllallllllilllllll•lllllllllllllllll~~-....._. __ • __,.._...._ ·-- •• 

• WILLOW CONTROL CENTER BUILDING · ' ' I ~-~ ! A MICRC)WAVEI OPERA'i-JON~t.li y r·: • ; : _ ·"""1 . . ; l=' 1 1 • , i[i -:--;-;-·-. 
20 Contract C-

11
• AND MICROWAVE l'!_.STAI..LATION -.. _I,!Hil~IIUIIIHltBJIU!Iutlm IIIHII~~~~..._-..,: • ~·h , : - [ !!~ : : =-t C-11 1 

• , .._ ! : 1 t l ! ~; t ; . i 
!----+----~----·-------- . \ A ... I Cll • ' ' •••. I I I ' ' I •• ' ! l - I ' • I • I ·-

21 Contract E-1: TURBINES AND GOVERNIHu SYSTEMS 

22. Contract E-2: v '* • t - - •• • I 
GENERATORS AND EXCITATION SYSTEMt±3' ........................................................ -.. -- - - --- . -=cr· . ·--: . I . . --

' . · .. -;- I ·--~;-·ay-·..\--.r-:-·---rowe'Rsy' EOUiiMEtill I • l . ; ! ! : l ' ' I ! ! . . • l ; j I • • .. \ . t . • ' ~ : • i I 23 I ~.ontcact E-3: YICRQVIAVI;TOWERS AND EQUIP~~. . ;, IH!IIIIllllll~l~l~l~!illtliiiHIIIIII~~~'; ." -~-;* :~· • ., • _ _ TEJ-! l i ~ f : \_:__~ ' l 
1 

l ! l i 1=! , : ~ 1 ! ~- • . ' • 

24 Contract E--4: 

~~~~.:.::~·:.~::•::: •ou~u•NT I : :· : : : : . I . . . t _ ... 
ti=G''""' E-5' GATE OPERATO~~ : . :·· : • > • n•n . - • ototiiOOnomooo"ot.!_ .............. ~, ~!'!'!_""""--~ -- ~--. . .. _ ---- . • . ·-- ·-~·-- ..... . •. 
r--- - . I ! ~ > . i ., . ' ' I Bl A' ' ' R • ; ' POWERHOUSS ¢RANGy. . ' 

ontract E-6: CRAHES AND HOISTS _ _ ; ; ;111•1/t:: !: ! : ! : i-:1ll~llllllllllllmllllnllllllllllf'lll .. 'lt•~'-~- . -- .. ·"! -~----r-:!- dEI-0 ·-

OUTLET GATES AND VALVES, 
EMERGENCY RELEASE EQUIPMENT 

27 Contract E-7: 

:t E-8: TRA~~MEFIS ' 1 ~IIUltr~: lllllllllllliUI*!~~..._.a:· ~-·~ • • _ --~ --~~·-·• r-·-- -·---,.·--- -- · ·· Contra• ---
29 Contract E-8: CONTROL SWitCHBOARDS • l -

Contract E-10: 
-------~ 

30 HIGH voLTAGE SWITCHGEAR 1 . , • lnllltl uinlllfll5mlllllmtlfmuf..U.'-"'i.....: . _ ' _ ••. ___ ... __,. ..• -· - -.--------.--~- ·-
... -- .i-. r ~-...--..- -~ _.,. ....... - ·-,~ ... ,.. .... - , .. T".._..._~--t-.,..··-..--~"'"- ,.. ' 

31 Contract E-11: GENERATOR VOLTAGE SWITCHGEAR ------
32 Contract -e:-12: STATION SERVICE SWITCHGF.AR -- ~- ----~ ·---
33 Co11lract E-13: COMPUTER CONTROL SYSTEM ---
34 Contra~! E-14: 3<)-6 kV POWER CABLE 

·-
___________ M ____ _ 

Contract E-<5: --
SWJTCHYARD STRUCTURES. ! , ; 1 ! • t 1 .. • ·,. n < 1 ' ' · f1S-i5 ! ; 

·----.;;..S~~SES AND .~CC~~IES .• ___,_.. _ lll11111f!=.:__ . .,.._ .. l.--f-.-~-·- l~l_!tll!_lllllft!!_!!llll~'!'-'!; , :'!' __ t:,.:__'fT-- ,____._....+ • ...,........... ---·-- •·-·--r·--:-..--~··;r,-• ~-r--:-~··· 
35 

35 I HOME OFFICE SPECIALtSTS ASSISTANCE TO FIEf.O -· I 1 ; I i ; .I ; : : ! I I i . I : l I I ~1"-~' ; It I ' ~......... ! I I t I I ~~.. ; I j ltl..-...-. • ~ I ~ 
31 I FIELD SUPPORT STAFF 

leGEND 
I 

lllliiUllllllhlt Engineering and Review A- Award M - Mobilize R - Release to Manufacturer V First Delivery 
Con•tructlon/lnatallaUon or Manufacture and Deliver B- Bid I - D.ocumant laaue .. ,....._..._...._..._, Bidding and Evaluation 
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WORK FLOW OF DESIGN 

General Sequence of Activities 

A generialized plan of design contract preparation and 
follow-on activities for any project feature is indicated in the 
accompanying flow chart (Exhibit D(b}- 5). The chart outlines 
all activities from the development of the det.ailed plan and 
schedule of engineering tasks to the check-out and start-·up of 
the l?roject. 

Where Power Authority review is indicated, the intent is 
that this review will also include a review by the External 
Review Panel and the Construction Manager. The flow chart is a 
logic diagram and not a time schedule of eventse 

Design 

Design activities will start with a detailed revir · and 
evaluation of the Feasibility Report and any other exi:.. · .... ng 
studies and reports. This review process the additional engi
neering studies that will be done are discussed in Section D(a}. 
Environmental studies are discussed in D(c) and the geotechnical 
field investigations in D(k). 

The project conceptual design that results fran the review 
phase v1ill be documented in a Project Conceptual Design Report 
submitted to the Power Authority for approval. At this mile
stone stage of the Work Plan, a summary of the Project 
Conceptual Design Report will also be submitted to FERC and 
released to the public, if appropriate. It will be the basis 
for preparation of design memoranda that establish the design 
criteria to be used in the detailed analysis and design of the 
overall features of the Project. 

The detailed design and analysis will then follow, based on 
design memoranda an.d applicable Joint Venture standards. The 
final products from this phase of the design activity will be 
the engineering documents for equipment supply and construction .. 
The documents will include conditions of contract, technicql 
specifications for materials and equi~nent and contract/ con
struction drawings. Construction memoranda will be prepared for 
guidance of the Construction Manager regarding quality control 
requirements for cons t.tuc tion and equipment ins tall a tion. 

Technical Specifications 

The technical specifications will precisely define work 
procedures, equipment, and materials and the standards applica
ble to them. The specifications also provide a basis for the 
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development of the quality control construction me·moranda. 
These will describe the measures necessary t.o ensure execution 
of the work in a manner compatible v1ith the intent of the design 
as outlined in the design memoranda and as shown on the con
struction drawings a The technical specifications will include 
properly referenced current, applicable standards, codes and 
specifications, and descriptive information relative to the 
scope of the contract. 

The equipment specifications describe the work, materials 
and controls for the design (where applicable), fabrication and 
testing of the equipment. They include the required performance 
criteria and guarantees and information submittal requirements. 

Contract/Construction Drawings 

The contract/construction drawin9s will be prepared using 
Jcifi~ Venture Drafting Standards (similar to those of the Corps 
of Engineers), based on the project conceptual design, design 
memoranda, and results of detailed design and analyses, and 
coordinated with the the technical specifications. The drawings 
will give complete information on geometric configuration, 
dimensions, relationships and sizes of the various project 
features and elements. They Hill also depict the sequence of 
construction anticipated in the design. 

During this phase of the design process a constructibility 
review will be performed by the Joint Venture and the Power 
Authority's Construction Manager. Construction requirements and 
techniques will be carefully reviewed to ensure an optimum con
struction plan that will meet the design requirements on sched
ule and within budget limits. 

Construction Quality Control Memoranda 

These memoranda define the inspection, testing and documen
tation activities to be performed during construction, to ensure 
the achievement of design requirements as stated in the design 
memoranda, technical specifications and as depicted on the con
struction drawings. 

Conditions of Contract. 

Together with the Power Authority and the Construction 
Manager., the Joint Venture will develop standard contractual 
provisions early in the Project for the construction and equip
ment supply contracts. These provisions may be based on stan
dard conditionse such as those of the National Society of Pro
fessional Engineers 1 or specific past contracts that the Power 
Authority, the Construction Manager, or the Joint Venture tested 
on previous work and found effective. The conditions of the 
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contract so aeveloped should be reviewed in draft by the Power 
Authority legal staff before their use in the Project 
contracts. 

For each of the construction and equipment contracts the 
Joint Venture will review and revise the conditions of contract 
and as necessary to apply to the specific contract. 

Bidders Lists 

The Joint Venture, together with the Construction Manager, 
will prepare a Bidders List, either on the basis of their know
ledge and experience with construction contractors and equipment 
suppliers qualified in major hydroelectric projects or by pre
qualification through formalized questionnaires. The Bidders 
List will be submitted to the Power Authority for review and 
approval. 

Bid Package 

Upon completion of conditions of contract technical speci
fications, and contract/construction drawings, 'the Joint Venture 
will. assemble each bid package, consisting of finalized engine
ering documents, cost schedule program requirements, including 
the construction sch~dules, pay items schedule and a bidders 
list. During the process of developing each bid package, the 
Joint Venture will ensure that the bid package is structured to 
provide an optimized scope of work that can be tendered, 
controlled, and completed in an efficient manner. The 
prerequisites in determining the suitability of the bid package 
are the completeness, clarity and conciseness of the design 
doclw.ents, availability of material and equipment, complete 
descriptions of site logistics and conditions, and an adequate 
bid period for responsive and timely bidding. 

Final Review of Bid Packages 

The Internal Review Board \vill assess the completeness and 
clarity of each bid package in the technical and contractual 
areas. After a review of the scope of work contemplated by the 
documents, including the specifications and drawings, the pay
ment and readjustments section will be reviewed for comprehen
siveness. 

Special attention will be given to analyzing areas where 
potential contract claims may arise to see that they have been 
defined and properly addressed. · 

The bid forms will be reviewed to see that all required 
construction items are properly covered. Particular attention 
will be given to completeness of all bid items, as well as to 
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the suitability of all bids for analysis on a competitive basis. 
The bid form must be conclusive and in such form as to require 
bidders to be responsive to all items. Specific attention will 
be directed to the ability of competent contractors to assemble 
a complete, valid and competitive bid within the bidding time 
frame contemplated. 

Each bid package will be sent to the Power Authority and 
the Construction Manager for detailed concurrent review. After 
incorporation of their comments and approval, the final bid 
package should be submitted to FERC by the Power Authority. 

During the FERC review period the Joint Venture will parti
cipate in describing the contents of the bid package and re
sponding to questions during public meetings. 

Engineer's Estimate 

The Joint Venture will prepare a detailed Engineers Esti
mate for comparison with the bids received. Details of the 
contents of this estimate are provided in Section D(l). 
Briefly, it will include: 

• 
• 

• 
• 
• 

Quantity take-off from the contract/construction drawin9s 

Collection of data by examination of the site and project 
area and research of published data 

Evaluation of construction method, plant and equipment 

Analysis of diversion schemes 

Determination of production rates for labor and equipment 
and work sequenc~s 

• Consideration of construction schedules 

• Calculation of Contractor's direct costs and indirect costs 

• Calculation of Contractor's profits and contin~ency al
lowances 

Assistance with Bid Analysis and Contract Award - -
Following receipt of bids by the Power Authority, the Joint 

Venture will work closely with the Construction Manager in as
sessing the responsiveness and technical merits of the propo
sals. The arithmetic of all proposals will be checked and any 
errors brought to the attention of the Power Authority and cor
rections requested if the Power Authority so authorizes. The 
bids will be ranked in order of price and the three lowest (or 
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greater number if the Power Authority directs) will be analyzed 
in detail. 

Construction Contracts. In the construction contract bids, 
in add1t1on to pr1ce comparisons, this analysis will include: 

• Overall appreciation of contract requirements and adequacy 
of a plan to meet them 

Organization a~d staffing 

• Qualifications of proposed project manager and key superin
tendents 

• 
• 
• 
• 
• 
• 
• 
• 

Construction schedule and plan to meet key dates 

Acceptability of cost and schedule control input system 

Equipment spread on-hand and to be purchased 

Plant layout 

Experience in similar projects 

Contractual exceptions or deviations and their costs 

Information 

Proposed alternatives and their cost advantages and disad
vantages 

Equipment Supply. 
will include: 

In equipment supply bids, the analysis 

• Response to required guarantees 

• Proposed detailed design method, where appliable 

• Completeness of equipment data 

• Availability of shop facilities 

• Experience record; 

Meeting agreed delivery dates 
Submittal of engineering information 
Supply of similar equipment of comparable size 

• Contractual exceptions or deviations and their costs 

• Comparison with Engineer's Estimate for equipment 
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• Informalities 

• Proposed alternatives and their cost 

Our analysis and evaluations will be formalized in letters 
of recommendation of award. These letters will point out areas 
vlhich must be negotiated prior to final agreement. The Joint 
Venture is prepared to assist the Power Authority and the Con
struction Manager, in these negotiations. 

Involvement during Construction and Field Information Feed-back 
to Des1gn 

A primary responsibility of the Joint Venture's field sup
port organization (see Task 3 7) will be to support the Construc
tion Manager in quick responses to the Contractors' questions on 
the drawings and specifications and to assess field information 
as it develops during construction, and check its compatibility 
with the design assumptions. Where possible, any necessary 
changes in design and documents will be made on-site by the 
Field Support Staff. Where basic analyses that determined the 
designs a~e affected, however, the necessary information will be 
passed to the design office for review and analysis to confirm 
or modify the design specifications and drawings. 

The Joint Venture's participation during construction is 
further described in our responses to the following RFP ques
tions: 

D(q) 
D(r) 

Procurement of Long Lead Time Items 
Procedures and Proposed Involvement during 

Construction. 

Project Start-up and Operations and lVlaintenance 'I'~aining 

The final phase in the sequence of activites will be assis
tance to AP.A in putting the various features into operation. 
Operating and maintenance manuals will be written as part of the 
Tasks for design of each operating or control civil works fea
ture and each mechanical and electrical system and separate 
equipment supply procurement. 

Generating unit and other project systems' check-out, test
ing and initial operation will be a joint involvement with the 
Construction Manager. In addition, we will provide a program 
for the organization, personnel selection and training of opera
tion and maintenance. Upon approval of the Power Authority, we 
will carry out this program. our approach is described in 
greater detail in Section D(t). 
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Application of General Sequence of Activities 
to Spec~fJ.c "ProJect Features 

The General sequence of activities described above is 
applied in the following discussion and exhibits to: 

Diversion Tunnels and Facilities, Contract C-1 

Main Dam, Contracts C-2, C-3 and C-7 

Power Facilities, Contracts C-6 and C-10 

Hydraulic Turbine Procurement, Contract E-1 

Access Road {Sub-Contracted Design) 

The activities in the sequence are: 

• Data Collection and Consolidation, Additional Investiga
tions 

• Analysis of Data, Preliminary Studies and Designs 

• Design Memoranda 

• Detailed Analysis and Design 

These are unique within each contract, so are discussed separ
ately for each of the examples. 

The activities following detailed design -- technical 
specifications -- drawings, conditions of contract, through 
issue, bidding, award and services during construction -- are 
essentially the same for each construction contracta To avoid 
burdensome repetition, these activities are not discussed for 
all the examples. 

The drawings and specifications for each proposed contract, 
however, are listed in the outputs of the respective task de
scriptions in the Section entitled "TASKS". 

Diversion Tunnels and Facilities 

Our plan for the design of the Diversion Tunnels and Faci
lities is initiated under Work Task 3, Review of Prior Studies 
and Project Conceptual Design Schedule. We will commence de
tailed design and the preparation of construction contract docu
ments for the Diversion Tunnels and Facilities Contract (C-l) 
upon approval of the Project Conceptual Design Report submitted 
to the Power Authority, its External Review Panel, and Alaskan 
governmental and environmental agencies. Work Task 10 -Contract 
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Document C-1 (Diversion Tunnels and Facilities) is the portion 
of the project work plan associated with the detailed design and 
production of the Contract Documents. The Flow Chart for por
tions of Work Task 3 and all of Work Task 10 is shown on Exhibit 
D(b)-6. Detailed listings of the discrete subtasks associated 
with Work Tasks 3 and 10 are included in the section "Tasks ... 

Design Review of Existing Studies. The design activities 
will start with a detailed review and evaluation of the 
Feasibility Report and any other existing studies and reports 
(see D( a), above). The layout of the diversion tunnels as shown 
in the Project Conceptual Design Report will become the basis 
for detailed design. 

Design Memorandum. The design memorandum for the diversion 
tunnels and facilities establishes the design criteria to be 
utilized in the design and analysis of the diversion works 
features. A preliminary outline of this design memorandum would 
be as follows: 

• 
• 
• 
• 
• 

Subject 

Scope 

References 

General 

Description of features: 

Cofferdams 
Intake 
Tunnels 
Outlet and tailrace channel 

• Design Criteria 

geotechnical 
hydl"aulic 

- structural 
mechanical 
electrical 

The design memorandum will be reviewed by the Inte~nal 
Review Board to ensure that all pertinent data, design metholo
gies and criteria have been included. After incorporating the 
Internal Review Board comments, it will be submitted to the 
Construction Manager and and the Power Authority's External 
Review Panel for review. After resolution and incorporation of 
their review co~nents, the approved design memorandum will be 
distributed to the design staff. 
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Detailed Design. The detailed design and analysis will be 
perfonned in accordance with the design criteria stated in the 
design memorandum. The detailed design effort will consist of 
five concurrent activities: geotechnical, structural, hydrau
lic, mechanical and electrical. 

A. Geotechnical Analysis and Desig~ 

• Excavation, tunnel drilling and blasting 

e Temporary and permanent support for excavated slopes and 
tunnels excavation 

• Ground".¥ater control and permafrost effect 

• Cofferdam design and stability analysis 

• Cut-of£ design 

B. Structu~al Design Analysis 

• 
• 
• 
• 
c. 

• 
• 
• 
• 
• 
• 
n .. 

• 

Diversion intake structures 

Tunnel outlet structures and retaining walls 

Tunnel concrete and steel linings 

Tunnel emergency release gate structure and hoist supports 

Tunnel plugs 

Hydraulic Design and Analysis 

Flow regimes and velocities 

Head losses 

Pressure profiles for various flow conditions 

Intake and outlet geometry and hydraulic characteristics 

Controls for potential downstraam erosion 

Freeboard for wave runup for the cofferdams 

Mechanical Desi9n 

Gates valves and trash racks 
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E. Electrical Design 

• Power supply to the gates and valves to permit inclusion of 
embedded conduits for future equipment installation in the 
c-10 Construction Contract. 

Main Dam 

The work plan for the engineering and design of the dam is 
shown on Exhibit D{b)-7. Work flows logically from our review 
of the feasibility report and other pertinent documents and data 
through site investigations, confirmation of basic design con
cepts, design memoranda, and detailed analyses, to the prepara
tion of the docmnents for construction and the QC/QA guidelines. 
Data collected during construction will be rev·iewed to compare 
the design assumptions and predictions with measurements taken 
in the field. Regular review by the Joint Venture and its 
Inter'Jal Review Board, by the Power Authority and its Board of 
Consultants, and by federal and state agencies is anticipated 
throughout the engineering, design and construction process. 
Reviews will range from the relatively formal External Review 
Panel meetings and FERC hearings to the informal review sessions 
between the Power Authority and the Joint Venture. 

Review of Prior Work and Site Investigations Plan 

During the first few months, pertinent documents and data 
will be collected, reviewed and evaluated. Detailed study of 
the results of past and current geotechnical and geologic data 
will lead to the plan for additional site investigations and 
testing programs. Development bf the detailed site investiga
tions plan for. the dam must be concurrent with review of exist
ing data because rock coring to confirm foundation conditions is 
scheduled to begin during May, 1983. 

The plan will contain the following major elements: 

• Scope ah~ purpose of field and laboratory investigations 

• Specific ll)cations o~ borings, adits and geophysical sur
veys 

• Schedule for completion o£ the investigations 

• Contracts required 

The plan, submitted in writing during April 1983 must be 
reviewed and approved internally by the Joint Venture Internal 
Review Board and externally by the Power Authority. It is anti
cipated that the plan will be presented to the Power Authority 
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External P.~view Panel for their review and concurrence on the 
general scope and adequacy of the program. 

Implementation of Site .Investigations 

Site investigations will be carried out during 1983 and 
1984. Specific standards for drilling, sampling and testing, 
and close inspection will ensure the quality of work. Data 
collected in the field and laboratory will be. reviewed and pro
cessed, then sent promptly to those using the data. It is im
perative that the data collected be sufficient in quantity and 
quality to support the confirmation of the basic design con
cepts, the design memoranda, and the subsequent more detailed 
engineering analyses. The data collected must also provide 
prospective contractors with a complete understanding of the 
foundation conditions and the material sources so that lump-sum 
bids can be prepared with a minimum of subsequent claims for 
changed conditions. Constant analysis and review of the site 
investigations program will be made during the two-year period 

'and appropriate modifications adopted. 

Because the total construction effort will be split into 
several construction con tracts, it will be possible to apply the 
knowledge gained during the foundation treatment and initial 
fill contracts to the much larger contract for emban~nent dam 
construction. 

Design Concepts, Memoranda an9_ Detailed Analysis 

Our work plan centers on a progressive confirmation of dam 
design concepts, the presentation of these concepts in.a report 
on the: Project Conceptual Design, the development of design 
criteria and their presentation in formal design memoranda, 
followed by detailed analysis and design of the dam. Each step 
of the process will lead to the finalization of dam design and 
its foundation treatment. ~rhis process is evolutionary and is 
dependent on the results of site investigations and on continu
ous review. The relationship between these activities is shown 
on Exhibit D(b)-8. The t.ictivities depicted have separate objec
tives but are closely connected because of the ultimate objec
tive, i.e~, the design of the dam. 

Initially, work will be directed toward a confirmation of 
the basic design concepts such as: 

• The location of the dam axis 

• The outer slopes of the dam 
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• The materials and general zoning of the embankment 

• The major elements of the foundation treatment 

Confirmation of these concepts will be made using all avai
lable geotechnical and geologic information. Acceptance of 
concepts must occur early in the schedule so that guidance is 
provided to the ongt;:,ing sit.e investigations and so that diver
sion tunnel portals and cofferdams can be located. 

Studies leading to the preparation of design memos will be 
undertaken after design concr·:!pts are establ ish,~d. These memo
randa \vill :~r.esent criteria for foundation treatment, embankment 
materials, 1i?;OninSJ, dimensions and details. A basic cross-sec
tion will be presented for subsequent detailed analysis. The 
memos will also present the scope and methodology of the de
tailed analyses, an identification of the parameters required 
and how these parameters are being established through site and 
laboratory investigations. The following design memos will be 
prepared: 

1. Foundation Grouting and Drainage 

2. Excavation and Rock Surface Treatment 

3. Materials Sources and Characteristics 

4. Cross-section, Zoning, and Details 

Detailed analyses of th.e darn and its foundation will be 
performed after the scope, methodology, and parameters are se
lected. Earlier analyses will be performed during the design 
memo stage using a range of values for the various parameters. 

Detailed analyses will include the following: 

• Stresses, pore presences, deformations and stability during 
construction, reservoir filling and project operation 

• Effects of permafrosi: thaw in the dam abutw,ents; mitigating 
design features 

e .Methods and procedures to thaw ground ice prior to grouting 

e Dam excavation and fou4dation treatment 

• Seepage tbrou9h the dam and i.ts foundation 
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• Thickness, gradation and use of filters and drains 

• Rasponse of the dam to the maximum credible earthquake and 
mitigating design features 

• Dam and foundation instrumentation 

• Constructability, zoning and materials usage in tr~ dam 

• Reservoir slides, effects on the dam and mitigating design 
features 

The results of each of the various detailed analyses will be 
presented in memoranda which will document methods, assumptions 
parameters, results, conclusions and recommendations. Prelimi
nary results will be reviewed and, if necessary, procedures and 
parameters modified to accomodate the most current data avail
able. 

Instrumentation Systems 

The design of the instrumentation systems for the main dam 
will be based on the requirements of providing groundwater and 
piezometer information, measurements of stresses, strains and 
displacements, measurements of temperature, seismic activity and 
seepage flow from drains and galleries. 

The instrumentation programs will be designed after geolo
gic, geotechnical and geohydrological data have been collected 
and evaluated and after design concepts have been finalized and 
will include: 

• Type of instrumentation 

• Quantity and location 

• Installation details 

• Insertion into the Project Data Management Program 

Piezometers will be designed and installed at selected 
locations and depths both upstream and downstream of the grout 
curtain to establish baseline groundwater elevations and water 
chemistry compositions and to monitor the effectiveness of the 
foundation grout curtain and pressure relief system. 

Piezometers will be installed at selected locations and 
depths in each of the embankment zones, including the core and 
filters. Information obtained frcm these piezometers will es
tablish pore pressure distribution within the embankment cross 
section during construction, reservoir filling and project ope-
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ration and will monitor the effectiveness of the filter zones 
and embankment core in reducing seepage through the embankment. 

Extensometers, inclinometers and straimeters will be de
signed and~ installed at selected locations in the dam, the foun
dation and abutments and in the rock surrounding the major cav
erns to monitor horizontal and vertical displacements under 
loading and unloading conditions. 

Settlement devices will be installed a~ selected locations 
and depths to monitor foundation and embankment response to 
static and dynamic loading conditions, and to compare the re
sponse to the design predictions. 

Temperature measuring devices will be installed in the 
foundation, abutments and galleries to monitor permafrost con
ditions, gallery t~mperatures, and drainage discharge water 
temperatures during construction, reservoir filling, and project 
operation. 

Seismographs and accelerom~ters placed on the foundation 
bedrock as well as within the embankment will be designed and 
installed to monitor and record seismic activity at the dam 
site. Information obtained from these instruments will be uti
lized to monitor the response of the dam to seismic loadings. 

The flow from drains and galleries will be measured during 
construction, reservoir filling and during project operation to 
observe the response of the foundation to the reservoir and to 
the passage of time. Data will be evaluated to determine the 
need for additional treatment. 

Power Facilities 

The Joint Venture plan for design of the Watana Underground 
powerstation and appurtenances is divided into two work packages 
that will result in the production of two major civil construc
tion contracts. Work Task 15 and its discrete subtasks will 
culminate in the production of contract documents C-6 for the 
construction of the first stage civil works for the intake, 
intake tunnels, access tunnel and transformer gallery, generator 
hall/erection bay gallery and surge chamber, access and cable 
shafts and tailrace tunnel with the portal structure. The flow 
chart for Work Task 15 is shown on Exhibit D(b)-9. 

Work Task 19 and its discrete subtasks will result in the 
production of Contract documents C-10 for civil work completion 
and the installation of all furnished equipment by the Power 
Authority in the structures associated with the C-6 contract, 
the installation of equipment furnished by the Power Authority 
in the main spillway and outlet works (\vhich will be constructed 
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under Contracts C-4 and C-9) and the construction and installa
tion of equipment in the switchyard and control house. The flow 
chart for Work Task 19 is sho~1n on Exhibit D(b)-10. Detailed 
listings of the discrete subtasks and outputs (deliverables} 
associated with Work Tasks 15 and 19 are included in the Section 
entitled "Tasks." 

Design 

The detailed review of the Feasibility Report and other 
documents (Section D(a)} will result in the Project Conceptual 
Design Report. After the approval of the Power Authority and 
its External Review Panel, this will become the basis for de
tailed design. 

Design Memoranda 

The design memoranda for the power 
lish the design criteria to be utilized 
sis for the power facilities featureso 
rnemorandUI-n includes: 

• Subject 

• Scope 

• References 

• General 

facilities will estab
in the design and analy
A Joint Venture design 

• Description of Features, Equipment or System 

Civil design memoranda typically cover specific features or 
aspects of design or construction under titles such as, "Founda
tion Conditions and Materials", ••structural De~ign Criteria", 
and "Power Intakes and Power Conduits 11

.. Mechancial and electri
cal design memoranda cover specific equipment items and systems 
under· titles such as 11 Hydraulic Turbines and Governing Systems, 11 

"Station Drainage and Dump Pump System," "Main Power Construc
tions," an~ "Lighting System." 

Design memoranda originated in one discipline are reviewed 
by specialists in every other discipline that affects or is 
affected by the subject design. In most cases for the Susitna 
Project, mechanical and electrical design memoranda for systems 
will be initiated and carried through a preliminary stage under 
Contract C-6; they will be finalized under Contract C-10 when 
necessary detailed information has been collected under the 
equipment supply contracts. 
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A detailed list of the design memoranda to be prepared 
under Contracts C-6 and C-10 is presented in the output sections 
of Tasks 15 and 19 in the section "Tasks." 

The conceptual design criteria (established by the Internal 
Revie\'l Board) will be expan(led upon to include more detailed 
information from equipment suppliers, subsurface investigations, 
laboratory tests and other sources that will have been acquired 
since the approval of the Project Conceptual Design. The design 
criteria will include: 

• Geotechnical 

• Hydraulic 

• Structural and civil 

• Mechanical 

• Electrical 

The design memorandum and its design dra\'lings will be re-
v ie\ved by t.he Internal Review Board to ensure that all pertinent 
data, design methodologies and criteria have been included. 
After incorporating the Internal Revievl Board 1 s comments, the 
design memorandum will be submitted to the Construction Manager, 
the Power Authority and its External Review Panel for comment. 
When their comments have been resolved and incorporated, the 
revised memos will be distributed to the design staff. 

Detailed Design 

The detailed design and analyses will be performed in ac
cordance with the design criteria stated in the design memoran
da. The detailed design eff.ort will consist of coordinated, 
concurrent activities by the geotechnical, structural, hydrau
lic, mechanical, electrical and architectural aisciplines. 

Geotechnical Analyses and Design. T~e geotechnical design 
will lnclude: ---

• Finite Element Analysis of stress patterns and deformations 
in rock around the main underground chambers and intersec
tions, using input from subsurface field drilling. 

• Design of temporary and permanent support for underground 
tunnels and chambers where they are not lined with con
crete. 

• Design of tailrace tunnels and access tunnel portal loca
tions support and cut slope requirements. 
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• Design of drainage system(s) in rocks adjacent to under
ground chambers. 

• Design of power cable and access shaft support require
ments. 

• Establishment of allowable foundation bearing pressures and 
backfill loads for the design of r~taining walls associated 
witH the power facilities. 

Structural and Civil Analyses and Design. The detailed 
design and analyses will-be-~n accordance with the approved 
design memos. Analyses and design will be prepared for: 

• 
• 
• 
• 
• 
• 

• 
• 

Power tunnel linings-concrete and steel 

Tailrace tunnels' concrete linings and portal structures 

Access tunnel portal structure 

Transformer gallery, transformer gallery floor systems 

Gene·rator and erection hall floor systems and crane runway 

Surge chamber, surge chamber floor systems and crane or 
monorail hoist runway 

Diversion tunnel/tailrace tunnel concrete plug 

Retaining walls associated with the power facilities sur
face structures 

Hydr:attlic Analys~ ~ Design. The detailed design and 
analyses, 1n accordance w1th the approved design memos, will 
use information from the turbine/governor equipment supplier 
for: 

e Power tunnel maximum and minimum pressure for a range of 
governor times 

• Surge chamber water surface elevations for various operat
ing conditions 

• Detailed head losses 

• Intake gate emergency closure for gate loads and tunnel 
pressures 

Mechanical Analyses and Des1gn. The detailed mechanical 
analyses, in accordance with the approved design memos, will be 
prepared for~ 
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• Design of drainage system(s) in rocks adjacent to under
ground chambers. 

• Design of power cable and access shaft support require
ments. 

• Establishment of allowable foundation bearing pressures and 
backfill loads for the design of retaining walls associated 
with the power facilities. 

Structural and Civil Analyses and Design. The detailed 
design and analyses will-be in accordance Wlth the approved 
design memos. Analyses and design will be prepared for: 

• Power tunnel linings-concrete and steel 

• Tailrace tunnels' concrete linings and portal structures 

• Access tunnel portal structure 

Transformer gallery, transformer gallery floor systems 

• Generator and erection hall floor systems and crane runway 

• Surge chamber, surge chamber floor systems and c1;;ane or 
monorail hoist runway 

• Diversion tunnel/tailrace tunnel concrete plug 

• Retaining walls associated with the power facilit.ies sur
face structures 

HXdraulic Analyses and Design. The detailed design and 
analyses, in -accordance with the approved design memos, w·ill 
use information from the turbine/governoJ: equipment supplier 
for: 

• Power tunnel maximum and n1inimum pressure for a range of 
governor times 

• Surge chamber water surface elevations for various operat
ing conditions 

• Detailed head losses 

• Intake gate emergency closure for gate loads ~;in.d tunnel 
pressures 

Mechanical Analyses and Design. The detailed mechanical 
analyses,· in accordance vrl th the approved design memos, will be 
prepared for: 
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• Station drainage and unit unwatering system(s) 

• Station compressed air system 
• • Cooling water systems 

• Fire protection system 

e· Potable watec system 

Sanitation system 

• Lube oil system 

• Heating and ventilation system 

• Generator hall and erection bay crane 

• Transformer gallery crane or hoist 

• Surge chamber crane or hoist 

• Draft tube gate and hoists 

The above designs will be in preliminary form at the time 
the contract documents for the C-6 construction contract are 
prepared/ but will be at a sufficient level to ascertain the 
space requirements and provid.: for embedded piping and blackouts 
that will permit the later installation of equipment in the C-10 
construction contract. 

Electrical Analyses and Design. In accordance with the 
approved desJ.gn memos analyses and design will be prepared for: 

• Lighting for intake structure access tunnel, and portal 
transformer gallery and cable shafts, generator hall and 
erection bay, surge chamber, and tailrace tunnel portal 
area 

• Grounding system(s) for transformer gallery, generator hall 
and erection bay, surge cham~er and all other electrified 
areas. 

Architectural Design. Arc'1itectual studies v1ill center on 
development of sizes of equipmeilt rooms, work areas 1 storage 
areas, maintenance personnel areas such as washrooms, locker 
rooms and visitors' facilities. The Joint Venture architectural 
staff has an extensive background in hydroelectric plants, and 
is familiar with the applicable OSHA requirements. Studies will 
be prepared and submitted to the Power Authority for review and 
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approval before preparation of detailed drawings and specifica
tions. 

Hydraulic Turbine Procurement -- . 

The Joint Venture work plan assigns a separate task for the 
work associated with the hydraulic turbine and governing equip
ment. The plan for the design activities is shown on Exhibit 
D(b)-1. 

Design 

The design activities will begin with a detailed review and 
evaluation of the Feasibility Report and project drawings. The 
review r.vill confirm the number and size of turbines and will 
include the following: 

• Turbine rated output and net head 

• Turbine rated speed 

• Turbine setting relative to tailwater 

• Turbine major dimensions 

• Powerhouse arrangement 

• Preliminary waterhammer and stability calculations 

Where required, additional investigations and studies will 
be made to support or modify the turbine data included in the 
Feasibility Report. The conclusions reached regarding the tur
bine equipment, as a result of the initial review and subsequent 
studies will be incorporated into the Project Conceptual Design 
Report for submittal and review by the Power Authority. 

On the basis of the Project Conceptual Design Report, the 
design memo for the hydraulic turbine and governing equipment 
will be prepared. The design memo will expand the design cri
teria for use in the detailed project design and preparation of 
the turbine and governing equipment supply specifications. The 
turbine design memo will establish the following criteria: 

1. Operating head water and tailwater elevations 

2. Hydraulic transients and governor times 

3. Range of turbines operating net heads 

4. Principal turbine dimensions 
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5. Turbine basic features 

6. Mechanical requirements for Generator Design 

a. Runaway speed 
b. Maximum turbine output 
c. Turbine hydraulic thrust 
d. Interface dimensions 

7. Study of oscillation frequencies. 

Technical Specifications 

We will prepare the technical specifications for the tur
bine and governing equipment on the basis of the turbine design 
memo. The technical specifications will include all commercial 
and technical descriptive information needed to define the scope 
of a turbine contract that will be used to obtain competitive 
bids for supply of this equipment. We will prepare a recommend
ed Bidders List for use by the Power Authority and its Construc
tion Manager. 

The turbine technical specifications will define the design 
criteria, allowable materials, allowable stress levels for the 
equipment to be supplied. They will establish the specific 
turbine design features desired, and the requirements for inter
facing with suppliers' equipment. Performance guarantee re
quirements will be indicated. The report also will specify 
penalties for failure to meet performance guarantees, and will 
clearly define dates for submittal of drawings and information, 
and for delivery of equipment. 

Bid Analysis 

Prior.: to receiving bids, the Joint Venture will prepare an 
Engineer's Estimate for the equipment in the bid packagea We 
will assist as requested in evaluating the bids received for the 
turbine and governing equipment. We would expect the analysis 
to include detailed review of the four apparent lowest bids and 
confirm action of compliance with the bidding documents. We 
will estimate the costs associated with any technical exceptions 
included in the manufacturers' bids. The bid analysis will 
result in recommendation of contract award and we will assist 
the Power Authority ~n negotiating the contract for supplying 
the turbine equipment. 

Drawing Review and Shop Inspection 

We will review the drav1ings of the turbine governing equip
ment to confirm compliance with the contract specifications and 
powerhouse design. We will witness the model test to verify the 
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perfo::-mance guarantees are achieved on the model turbine. We 
will inspect the materials, fabrication and shop assembly to 
confirm the supplier's conformance with the approved drawings 
and workmanship. 

We will also furnish specialists in support of the Con
struction Manager for on site inspection, testing and start-up 
of the units. This will result in repo"Cts reconunending further 
action by the manufacturer or installat1on contractor and ulti
mately in a recommendation to the Power Authority to accept the 
equipment a 

Access Road 

The sequence of activities for the Access Road is shown in 
Exhibit D(b)-12. The sequence differs from that for other exam
ples and from the generalized sequence because design of this 
non-technical feature is required to be subcontracted. 

Selection of Design Subcontractor 

. We will begin work on this first of the subcontracted de
signs by developing a system for the subcontracts incorporating 
selection procedures, development by the subcontractor of his 
plan and schedule to meet project needs, points of technical 
review and approval by the Joint VBnture and the other review
ers, and engineering cost management. The system will be sub
mitted to the Power Authority for approval. 

Selection procedures will involve preparation of a request 
for proposal outlining the design work and the contract condi
tions, and codes and design standards under which it is to be 
done. Interested design firms will be notified of the prospec
tive subcontract and its timing. 

While the request for proposal is in preparation, we will 
make a detailed review of the feasibility study that will pro
vide the basis for selection of the access route. If additional 
study or field investigation is needed to accurately define the 
conceptual design, the work will be done during the first three 
months of 1983. 

We expect that the proposal notification will be issued in 
February 1983, and that proposals will have been evaluated and 
an award recommended to the Power Authority by .May, 1983. It 
would be appropriate for the Construction Manager to review the 
proposed selection and subcontract. However, the timing of his 
selection, noted to be approximately July 1, 1983, and the 
urgency of getting the access road design underway, may not 
permit this participation. 

D(b)-52 



Design Subcontract Management 

The Joint Venture will utilize the personnel of Frank 
Moolin & Associates in the design subcontracts for the access 
road. They will be responsible for monitoring the engineering 
subcontra~tor progress and costs, coordinating between subcon
tractors, scheduling and expediting Joint Venture technical 
reviews of design memoranda, designs, drawings, cost estimates 
and specifications; scheduling, and coordinating reviews and 
approvals (e~g. by the Alaska Department of Transportation, 
Alaskan environmental agencies, the Construction Manager and 
the Power Authority), and for prepa~ing the Joint Venture's 
review of bids and recommendation of award of contractsR The 
Joint Venture and design subcontractor will also participate in 
the Power Authority's public information meetings with respect 
to informing the pubJ.,ic on the design and environmental consid
erations associated with access road and railroB~ extension 
work. The work for the access road and bridge design subcon
tract will in general be done in Alaska. The pre?aration of the 
construction contract documents under the design subcontracts 
will be completed in the fall of 1984 and ready for bidding by 
the e11d of 1984. 

Design 

Before commencing work on the access roac;l engineering, the 
subconsul tant will be required to plan and schedule his work in 
detail, establishing key milestones, and submit his plan to the 
Joint Venture for review and approval~ Upon approval of the 
plan, he will undertake the following steps: 

• Review of the Feasibility Report and other available data 

• Field surveys and detailed reconnaissance 

• Final Report 

• Pesign memoranda 

• Detailed designs and land use agreements 

Plans and bid packages 

• Construction 

Review of Feasibility Report and Other Available Data. 
This review will concentrate onthe identification and evalua
tion of pertinent data previously developed so that additional 
requirements may be assessed and quantified. To the extent 
compatible with professional practice and contractual require
ment, duplication of effort will be avoided. 
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Field Survey~ and Detailed Reconnaissance. Surveying, 
field reconnai~sance and site explorations will be subcontracted 
by the design subconsultant and coordinated to minimize effort 
required to obtain right-of-entry permits and to avoid unneces
sary field work. Photogrammetric control and topography \vill be 
established along the selected route and near potential borrow 
sites~ Exploratory bore holes and soundings locations will be 
identified on aerial mosaics and properly located by surveyors 
in the field. 

The need for additional investigative work (hydrometeorolo
gical, geotechnical, etc.) will be ascertained on the basis of 
field observation. Description of and rationale for the wor.k 
will be presented to APA for approval • . 

Close attention will be given to applications for entry 
permits. All environmental and other stipulations will be ad
hered to as a matter of policy. 

Final Report. During report preparation, potential sources 
for borrow mater1als and disposal sites will be identified and 
coordinated with appropriate governmental agencies. 

Contact with the Alaska Department of Transporation will be 
initiated to assure the establishment of alignment and grade 
criteria which will control roadway configuration. Beyond nor
mal high~1ay criteria, haulage requirements for dam and power 
house components will be accessed in determining bridge load
ings. 

Design Memoranda. The basic content of design memoranda 
will be derived from the final report and reviews. Their pur
pose is to outline the comprehensive hierarchy of criteria and 
design elements so that proper decisions necessary for design 
will be made. 

Preliminary memoranda will be reviewed by those agencies 
and groups deemed appropriate by APA and by the Joint Venture 
Internal Review Board. Upon receipt of comments, a draft of the 
final design memoranda will be submitted to the Joint Venture 
and then to APA for further comment or approval. The final 
memoranda with all pertinent supporting data will be issued to 
all parties for execution of design development. 

Detailed Designs and Land Use Agreements. While design of 
roadway and bridges is--r.rl progress by engineering subcontrac
tors, land use agreements will be prepared by the Joint Venture 
with participation by APA. Preliminary plans produced during 
this phase will be used as basis of land description. 

When detailed plans are substantially completed, a con
structability and enginee-ring review will be made by Joint V1an-
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ture Internal Review Board and the Construction Manager. 'When 
judged adequate, principal design and construction features will 
be presented to APA for approval. 

Plans and Bid Packages. Final plans and specifications 
will be prepared and the subconsultant will draft memoranda 
setting forth construction control and QC and QA policies and 
pro·cedures. 

When completed, plans, specifications, and memoranda will 
again be reviewed for constructability by the Joint Venture. 
These with other appropriate supportive documents will be assem
bled to produce bid packages for final review and approval 
before issue to bidders. 

Construction. During the construction phase, the subcon
sultant, with Joint Venture, reviews changes determined t.o be 
necessary and provides field engineering as required. In serv
ing as the design representative during the construction activi
ties, the subconsultant will: 

• Coordinate all engineering requirements for construction 
activities 

• Monitor project costs relating to engineering 

• Interpret plans and specifications for construction con
tractor(s) 

• Monitor QA/QC programs 
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DETAILS OF THE TASKS 

The total engineering effort for t~e Susitna Hydroelectric 
Project has been separated by the Joint Venture into 38 tasks. 
Each will have a number of sub-tasks. This section of our pro
posal presents, by discipline, the detailed content of the 38 
tasks and their sub-tasks. The deliverables - reports, memoran
da, contract/contract docQments and drawings - are shown under 
the OUTPUT heading of each task. These deliverables are summa-
rized in the table that follows. 

The manpower budget for each task is shown in the Cost 
Proposal. The scr~dules for the tasks are shown on Exhibits 
D(b)-1, D(b)-2 and D(b)-3. 
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G. 
7. 
a. 
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LIHT OP DCLIVERARtBS 

Description of . 
Task Rep6rts Memos 

Project Management 150 (E) 
Project Support Services 60 (E) 
Review Prior Studies and 1 8 
Project Conceptual Design 
Environmental Studies lOO(E) As Requireil 
Geotechnical Studies 15 11 
PERC License Support As Required As Required 
Electric Power System Studies 1 1 
Public Participation M~etings As Required As Required 
Support 
External Review Panel Meetings As Required As Required 
C-1 Diversion Tunnel & Facilities 1 3 
C-2 · Hain Dam, Excav.ation & 3 5 

Foundations 
C-3 f•\ain Dam, Cofferdams-Fill to 1 6 

1400 
C-4 Main Spillway Excavation 1 5 
C-5 Outlet Facilities 1 3 
C-6 Power Facilities - 1st Stage 4 5 
C-7 Hain Dam to 2210 - -
C-8 Aggregate to Concrete 1 3 

Production 
C-9 Main Spillway, Outlet Works 2 3 

Valve House Concrete 
C-10 Power Facilities Completion 1 9 
C-11 Willow Control Center 1 3 
E-1 Turbines and Governors 1 1 
E-2 Generator and Excitation 1 1 
E-3 l'Hcrowave System 1 1 
E-4 Willow Control Equipment 1 2 
r::-s •rrashracks, Gates & Hoists 1 5 
E-6 Cranes & Hoists 1 4 
E-7 Outlet Works Valves & Gat~s 1 2 
E-8 •rransformers 1 1 
E-9 Control Switchboards 1 2 
E-10 IJV-Switchgear 1 -· E-ll Generator Voltage Switchgear 1 -
E-12 Station Service Switchgear 1 2 
E-13 Computer Control 1 1 
r::-14 345kV Power Cables 1 1 
r::-15 Switchyar~ Structures & Busses 1 1 
E-16 Home Office Specialist Support 40(E) 

to Fir .. •ln 
E-17 l·'ield Support lOO(E) 
E-18 Management of Design Subcontracts 75(E) 30(E) 

(E) - Estimated Number 

Contracts/Contract 
DOCUfl'\.ents Arch Civil -

- - 20 

- - -
-
-
-
1 - 38 
1 - -
1 - -
1 - -
1 1 31 
1 9 111 
1 - 2 
1 - -
1 - -
1 9 63 
1 10 3 
1 - 1 
1 - 1 
1 - -
1 - -
1 - -
1 - -
1 - -
1 - 2 
1 - 2 
1 - 2 
1 - -
1 - -
1 - 2 
1 - 2 
1 - 1 

Minimum of 6 
Subcontracts 

Drawings 

Elect Geot ---

4 9 

- 60 

~J · .. .,.it 

Mech --
-

-
As Required -

As Required 

As Required -
2 2 2 
- 20 -
- 10 -
- 6 -
2 2 2 
9 9 32 
- 25 -- 3 -
2 - 2 

431 1 100 
23 1 -- - 2 

2 - -
37 - -

9 - 16 
- - 17 
- - 5 - - 4 
1 - -
l - -
1 - -
1 - -
1 - -

50 - -
1 - -- - -

Total 

31 

60 

20 

10 

6 
38 

170 
27 

3 

4 

604 
37 

3 
3 

37 
25 
17 

5 
4 
3 
3 
3 
1 
1 

52 
3 
1 



Task Numbor: 1 

Task: Project Management 

SUB TASKS 

Project Management Subtasks 

Review proposed Work Plan with Power Authority 

Assemble project team leaders in Anchorage for review of 
previous studies and to establish Project Conceptual 
Design 

Develop detailed Work Plan Task schedule Establish manpower 
budgets for all tasks and their subtasks 

Staff Anchorage and field offices 

Direct and control the staffing of Bellevue office 

Maintain liaison with Power Authority and its External 
Review Panel 

Plan, support and participate in Power Authority's public 
information meetings. 

Support Power Authority in coordination and responses to 
regulatory agencies. 

Monitor Work Plan cost and schedule performance and take 
corrective acti,.1n as required to maintain goals 

Control technical disciplines in the project design work 

Submit progress reports to Power Authority 

Schedule Internal Review Board participation in the project 
design work 

Schedule Value Engineering Team participation in the 
project design work 

Coordinate Construction Manager interaction with design 
work 



Task Number: 2 

Task: Project Support Services 

SUBTAS~.i~S 

Project Management Subtasks 

Coordinate and collect monthly progress reports information 
from Engineering Operations, Project Control and 
Environmental and Regulatory Prog,rams 

Direct preparation of monthly JV progress reports 

Support Services Subtasks 

Implement uEPICS System" to control work 

Finalize Tasks with subta~k lists and establish 
11 Description of Technical Service" 

Develop Project Work Breakdown Schedule and CPM 

Using updated mon·':hly Task progress reports generate 
Monthly Project Progress Report 

Generate Monthly Variance Analysis Report 

Generate "Budget Baseline Project Estimate" 

Generate study estimates as required 

Generate Monthly Potential Cost/Schedule Report 

Generate Engineers Estimates for each construction and 
equipment supply contract 

Generate 11 Preliminary Project Es't:irnate 11 

Generate "Definitive Project Estimate" 

Develop Standard Conditions of Contract - revise them on 
subsequent contracts to fit the Contract 

Prepare drafts and final Contract Documents for issue to 
Bidder 



Task Number: 1 

Task: Projec·t. t-1anagernent 

OUTPUT 

Project Work Plan and Schedule 

Monthly Progress Reports showing design work complet~d, work in 
progress and fiscal status of the JV contraC!ted work 

Agenda for and reports on decisions made at conferences and 
meetings 

Project Cost Estimates and Updated Estimates 

Coordinated Contract Documents for the equiprner.t supply and 
construction contracts of the Watana Project 

Contract awards in accordance with APA directives and 
procedures 

Coordination of Home Office support and field support to APA's 
Construction Manager. 

I 
I . 
J 

! 
I 
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Task Number: 2 

Task: Project Support Services 

SUB TASKS 

Project Management Subtasks 

Coordinate and collect monthly progress reports information 
from Engineering Operationsv Project Control and 
Environmental and Regulatory Programs 

Direct preparation of monthly JV progress reports 

Support Services Subtasks 

Implement "EPICS System" to control lllork 

Finalize Tasks with subta~k lists and establish 
"Descripti.on of Technical Service" 

Develop Project Work Breakdown Schedule and CPM 

Using updated ~onthly Task progress reports generate 
Monthly Project Progress Report 

Generate Monthly Variance Analysis Report 

Generate 11 Budget Baseline Project Estimaten 

Generate study estimates as required 

Generate Monthly Potenti~l Cost/Schedule Report 

Generate Engineers E5timates for each construction and 
equipm~nt supply contract 

Generate "Prelimina;r:y Project Estimate .. 

Generate "Dei'ini tive Pro-tect Estimaten 
. - . 

pevel()p Standard Conditions of Contract - revise them on 
subsequent contracts to fit the Contract 

Prepare drafts and final Contrac-c. Documents for :.ssue to 
Bidder· 



Task Number: 2 
SUB TASKS 
Page 2 

Prepare Notice to Bidders for Power Authority approval 

Issue Addenda to Contract Documents to Bidder as required 

Receive bids 

Participate in evaluation of contractual terms of Bids 

Prepare Recommendation of Award for Approval of Power Authority 

Assist Power Authority in Contract Negotiations 

Prepare and update Project Construction Schedule 

Coordinate with Vendor and participate in Vendozo QA inspections 

_,, 
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Task Number: 2 

Task: Project Support Services 

OUTPUT 

Support Services Output 

"EPICS" control system applied to JV work program 

Description of Technical Services for the JV work 

Project CPM 

Monthly Progress Reports for Power ~Jthority submitted to 
Project Manager for 

Baseline Project Estimate 

Study Estimates 

Engineers Estimates 

Preliminary Project Estimate 

Definitive Project Estimate 

Standard Conditions of ~~ntract 

Contract Documents, prepared, assembled and issued 

Notices to Bidders 

Addenda to Contract Documents issued to Bidder 

Receipt and Evaluation of Contractual Terms of Bids 

Letters of Recommendation of Award of Contract 

Contract Negotiation Support to Power Authority 

Project Construction Schedule and Updat.es 

Vendor QA inspections 



Task Number: 3 

Task: Review Prior Studies, Develop Conceptual Design 
and Master Project Schedule 

SUB TASKS 

Management Subtasks 

Issue and control manpower schedule and budget for Tasks 
and Subtasks 

Assemble Transition Team, establish work plan and schedule 

Control and direct team 

Initiate work 

Transition Team-Review of Feasibility Report Subtasks 

Hydrology 

Review hydrology aspects of Feasibility Report and data 
collected to dateo 

Confirm or propose modifications to 
Probable Maximum Flood (PMF) 
Project Deaign Flood 
Project. Diversion Flood considerations 

Geotechnical Enyineering and Geology 

Gather and collate all pertinent data, topographic and 
geologic maps, geologic field ~nd laboratory data 
repots, and seismic studies 

Summarize prior work 

Identify additional field investigations and materials 
and laboratory studies needed 

Prepare plan and estimate costs t.o complete additional 
geotechnical field and laboratory investigations, 

Civil Engineerg 

Review civil/structural aspects of Feasibility Report 

:.,::-



Task Nw:nber: 3 
SUB TASKS 
Page 2 

Confir~ or propose and justify modifications to 
Number and size of Generati.ng Units proposed 
Power Intakes and Tunnels 
Generator Hall/Erection Bay size 
Transformer gallery size 
Surge chamber and tail tunnel sizes and shapes 
.t\,ccess tunnel 

Hydraulic Engineering 

Review hydraulic aspects of F'easibili ty Report 

Confirm to propose modifications to 
Diversion tunnel alignment, size, intake, outlet 

and hydraulics 
Main spillway/emergency spillway flood passing 

capacity 
Main spillway alignment, profile, flip bucket 

location and geometry 
Main spillway plunge poc1l location and geometry 
Main spillway gates 
Emergency spillway location and geometry 
Outlet facilities location, tunnel size, capacity, 

operation 
Emergency outlet operatic.)n, gate arrangement, 

configuration and o~tlet structure 
Power Intake hydraulics, multiple level withdrawal 

ports and gates 
Power tunnels alignment and size 
Tail tunnel Surge Chamber size 
Tail tunnels size and alignment 

Electrica1 Engineering 

Review electrical" aspects of Feasibility Report 

Review control protection and instrumentation fea.tures 

Review auxiliary electri.cal and miscellaneous system 
features. 

MeGhanical Engineering 

Revie't\r mechanical aspects of Feasibility Report 

j. 
'1. 
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':ask Number: 3 
SUB TASKS 
Pa<;r~ 3 

Confirm or propose and justify a different selection 
Turbines and Governors 
Diversion Tunnels and Emergency Outlet Gates and 

Hoists 
Outlet Facilities Gates & Hoists and Valves 
Power Intake Gates and Hoists 
Main Spillway Gates and Hoists 
Draft Tube.Gates and Hoists 
Mechanical systems 

Environmental 

Review environmental aspects of Feasibility Reports, 
environmental agencies correspondence, etc~ 

Transition Team Subtasks in Project Conceptual Design. 

Conceptual Design Criteria 

Main Darn Development Criteria 
Establish alignment of main dam 
Establish crest width and the outer slopes of the 

main dam 
Establish the location and alignment of cofferdams 
Establish scope of foundation treatment 
Direct layout studies for grouting, drainage and 

access galleries 
Initiate and direct alternate layout studies 

Develop Relict Channel Criteria 
Initiate and direct alternative conceptual layouts 

for relict channel treatment using a range of 
assumptions 

Determine the data requirements to establish the 
need for and scope of treatment 

Diversion Tunnel Development Criteria 
Establish hydraulic design criteria 
Establish structural design criteria 
Geotechnical input for tunnel and portal location 
Initiate and direct alternat~ layout studies with 

flood routings 



Task Number: 3 
SUB TASKS 
Page 4 

Power Facilities Development Criteria 
Establish generating unit size and number of units 
Establish size of power for tailrace tunnels 
Establish power tunnel c to c spacing 
Establish underground chamber pillar distances 
Establish height and width of generator/erection 

bay chamber 
Establish height and width of surge chamber and 

transformer chamber 
Establish access tunnel dimensions 
Establish desired tunnel and chamber orientation 
Establish dimensions of main cable and access 

shafts 
Initiate and direct alternate layout studies 

Main Spillway and Emergency Spillway Development 
Criteria 

Confirm PMF and design flood for each spillway 
Establish geotechnical criteria for spillways 

layouts 
Initiate and direct alternate layouts and 

considering various main spillway control 
structures, spillway alignments and bucket 
configurations 

Mid Level Outlet Facilities Development Criteria 
Confirm discharge requirement 
Establish hdyraulic design criteria 
Establish structural design criteria 
Establish geotechnical criteria for intake, tunnel 

orientation, outlet manifold and outlet location 
Initiate and direct alternate outlet layouts 

Screen Layouts and Costs 
Optimize selected layouts 
Present to Internal Review Board for co~nent 
Modify selected layout(s) in accordance with 

internal review board decisions 
Present recommended layout(s) to Power Authority 

a.nd its External Review Panel for approval 

Prepare Project Schedule 
Prepare Final Conceptual Design Report 
Respond to FERC review comments on Conceptual Design 

Report 

(I 



Task Number: 3 
SUB TASKS 
Page 5 

Civil Engineering Subtasks 

For diversion tunnel, power facilities, main spillway and 
outlet structure participate in preparation of the design 
criteria and in development of alternate layouts. 

Electrical Engineering Subtasks 

Provide Equipment Layouts and Dimensional Data 

Provide Cost Comparisons and Cost Estimates 

Provide input to other disciplines studies for electrical 
features and constraints 

Mechanical Engineering Subtasks 

Provide support to develop project design layoLta 
Scheduling and estimates for civil contract & the separate 

supply contracts 

Hydraulic Engineering Subtas1~s 

Power intake 
Head Loss and revenue loss for alternatives 
Comparison with gate and concrete costs 
Determination of optimum intake 

Power Tunnels 
Head Loss and revenue loss for alternatives 
Compare with excavation and lining costs 
Determination of optimum size 

Tail-Tunnels 
Head Loss and revenue loss for alternatives 
Compare with excavation and lining costs 
Determination o£ optimum size 

Tail-Tunnel Surge Chru~ber 
Comparison of several alternatives based on maximum 

and minimum surge levels during load change 
Comparison of alternative costs 
Selection of optimlli~ size 

\I ., 
\\ 
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Task Number: 3 
SUB TASKS 
Page 6 

Outlet Works 
Compare head losses for various tunnel sizes 
Determine valve sizes for each alternate tunnel size 
Select optimum tunnel-valve combination 

Emergency Outlet 
Study double head-break scheme 

Study alternative combinations of gates 
Study alternative gate costs 
Select optimum 

Study Single Head-Break Scheme 
Study alternative combinations of gates 
Study alternative gate costs 
Select optimum 

Service Spillway 
Determine costs of various spillway sizes 
Compare with costs of dam for spillway size 

alternatives 
Select optimum spillway size 

Emergency Spillway 
Width of channel based on geology and topography and 

fuse plug height 

Diversion 
Determine HW for several tunnel sizes (Assume Concrete 

lined) 
Compare tunnel costs and cofferdam costs for 

alternatives 
Select prelimi~·.tary economic optimum tunnels 

Geotechnical Engineering Subtasks 

For main dam, relict channel, main spillway, emergency 
spillway and underground structures, participate in layout 
studies and support to Civil discipline in alternate
layouts for Project Conceptual Design 

Environmental Subtasks 

Input environmental considerations to project conceptual 
design studies 

,) 



Task Number: 3 
SUB TASKS 
Page 7 

Support Services Subtasks . 
Prepare comparative cost estimates as required 
Prepare comparative construction schedules 
Constructability reviews 
Prepare Project Base Line Estimate 



1 Task Number: 3 

Task: Review Prior Studies, Develop Conceptual Design 
and Master Project Schedule 

OUTPUT 

Management Output 

Input to Monthly Progress Report on status of Task, with 
respect to schedule and budget 

Coordinated Project Conceptual T)esign Report 

civil Engineering Output 

Civil/structural assistance to other disciplines as 
required 

Sketches/layouts as required 

Input to Project Conceptual Design Report in form of 
Drawings 1 quantity estimates and text on Civil/Structural 
aspects of Project Conceptual Design 

Hydrology Output 

Hydrology input to other disciplines' subtasks in form of 
PMF, PDF, diversion flood frequency study, sedimentation 
study and environmental aspects 

Texts and graphs for Project Conceptual Design Report 

Hydraulic Engineering Output 

Hydraulics input to other dis~iplines' subtasks in form of 
preliminary surge chamber level, flood routing results etc. 

Input to Project Conceptual Design Report in form of text 
and drawings 

Geotechnical Engineering Output 

Geotechnical inpu·t to other disciplines in form of criteria 
for location, orientation and support requirements for 
underground structures7 cut slopes and support requirements 
for surface features 

) 



Task Number: 3 
OUTPUT 
Page 2 

OUTPUT 

Input to Project Conceptual Design Report in fot~ of text, 
drawings of Main Dam and material quantity estimates 

Mecha~ical Engineering Output 

Mechanical input and coordination to subtasks of otb ~r 
disciplines 

Input to Project Conceptual Design Report in form of text, 
drawings, and materials and equipment cost estima·tes 

Electrical Engineering Output 

Electrical input and coordination t0. subtasks of other 
disciplines 

Input ·to Project Conceptual Design Report in form of tex·t, 
drawings, and materials and equipment cost estimates 

Environmental Output 

Input of environmental considerations and guidance to other 
disciplines in accomplishing work of their subtasks 

Text describing mitigation measurs in Conceptual Design 
Report 

Support Services Output 

Project Conceptual Design Layout construction schedule 

Input to Project Conceptual Design Report in form of text 
describing considerations in developing construction 
schedule and procedures used in estimating costs 

Note·!· 'Management Subtasks budget is included ·with Task ... N.umber 
1· · Pro-jeet:-··Manag-emen t 



Task Number: 4 

Task: Environmental Studies 

SUB TASKS 

Management Subtasks 

Issue and control manpower schedule and budget for Task 
. and Subtasks 

Geotechnical Engineering and Geology Subtasks 

Study of Geotechnical and Geolo9ic aspects in ~-;upport of 
Environmental studies 

Hydraulic Engineering Subtasks 

Power Intake 
Temperature Control 
Ice Control 

River Studies 
Downstream River Ice 
Upstream Reservoir Ice 

Diversion 
Effects on Fish 
Effects on River Ice 

Environmental Science Subtasks 

Envi:r:onmental Studies 

Water Use and Quality Studies 
Fish, Wildlife and Botanic Resources Studies 

Aquatic Ecosystems 
Terrestrial Resources 

Historic and Archeological Resources 
Socioeconomic Studies 
Soils and Geology Studies 
Recreation Studies 
Aesthetics Studies 
Land Use Studies 
Project Alternatives 
Post I.icense Environmer..tal Program 

Design of Moni to~ in£; Program 



Task Number: 4 
SUB TASKS 
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Hydrol.:>gy Subtasks 

Hydrologic Studies 

Review and Evaluate Previous Studies 

Continue Hydrologic a.nd Meteorological Data Monitoring 

River Sedimentation Modeling Studies 

River - Reservoir Water Quality 

Update and/or Upgrade River - Reservoir Ice Cover 
Duration and Thickness Studies at Selected Locations 

Support Services Subtask 

Note= 

Coordinate the technical and contractual portions of the 
sptec.ifications for construction to support the 
requirements of the environmental studies 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 



Task Number: 4 

Task; Envirorwental Studies 

OUTPUT 

Management Output 

Input to Monthly Progress Report on status of Task with 
respect to schedule and budget 

Coordinated effort for studies 

Civil Engineering Output 

Layout sketches as required 

Geotechnical Engineering and Geology Output 

Sections of the Environmental Report as required 

Hydraulic Engineering Output 

Parts of environmental report or let·ters answering FERC 
questions. 

Environmental Science Output 

Final Environmental Report 

Hydrology Output 

Periodic Data Documentation 

Report on River - Reservoir Flow, Depth, and Velocity 
Studies 

Report on River - Reservoir Temperature Studies 

Report on Sedimentation Modeling Studies 

Report on Water Quality t-1odeling Studies 

Report on Ice Cover Studies 

Support Services Output 

Environmental Protection Provisions in contract 
specifications 



~ Task Number: 5 

Task: Geotechnical and Geological Field Studies 

SUBTASKS 

Management Subtasks 

Issue and control manpower schedule and budgets for task 
and subtasks 

Control field investigation subcontracts 
coordinate field works and environmental requirements for 
the work 

Civil Engineering Subtasks 

For mapping and surveying programs determine scales, 
locations and size of mapping areas required. 

For design of structures, determine what geotechnical data 
is required. 

Geotechnical Engineering and Geology Subtasks 

Management Functions - Geotechnical Field Investigations 
Planning - Coordination 
Quality Control 

Surveillance (Rock Exploration) 
Monitoring (Soils Exploration) 
Direct Responsibility 

Mapping 
Surface Geophysics 
Instrumentation 
Hydrogeology 

Data Compilation 
Standard Format - fo.rms, reporting made 
Standard Sampling .... sample preparation. 
Standard Procedures/Methods 

Data Presentation/Documentation/Storage 
Maps, Sections - Standard Graphics 
Field Data 
Lab Test Data 
File System - Computer Storage - Retrieval 

Data Transfer and Scheduling - in 
Data Request. - action/ scheduling - in 

~' 



Task Number: 5 
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Staffing - scheduling 
Safety Assurance - Personnel 

Rock Exploration 
Core Drilling 

Main Dam and Cutoff 
Cofferdams 
Diversion Tunnels 
Underground Structures 
Spillways 
Quarry Evaluation 

Test Grouting - Cutoff 

In-Situ Testing 
Adit Excavation 
Rock Mechanics Instrumentation 
Borehole Geophysics 
Borehole Imagery 

Laboratory Testing (Anchorage/Stateside) 
Petrographic Studies 
S·trength Property Parametric-cores 
Strength Property - Discontinuities 
Aggregate Acceptance 

Soil Exploration 
Hammer Drilling 

Borrow Areas 
River Channel 
Relict Channels 

Auger/Rotary Drilling 
Borrow Areas 
Relict Channels 

Trench and Test Pits 
Borrow Areas 
Relict Channels 

Soil Testing 
In-Situ 
Laboratories 

Site 
.Anchorage 
Stateside 



Task Number: 5 
SUB TASKS 
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Support Exploration Services 

Note: 

Geologic ~iapping 
Main Dam Area 
Borrow & Quarry Areas 
Relict Channels 
Reservoir 

Geophysical Exploration (Surface) 
Main Dam Area 
Borrow & Quarry Areas 
Relict Channels 
Reservoir 

Instrumentation 
Tempe~ature (Thermistors) 
Groundwater (Piezometers) 

Hydrogeology 
Main Dam 
Relict Channels 
Borrow Areas 
Reservoir 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 



Task Number: 5 

Task: Geotechnical and Geological Field Studies 

OUTPUT 

Civil Engineering Output 

Sketcnes of mapping and surveying areas 

Memo on geotechnical data for structures required 

Geotechnical Engineering and Geology Output 

Geologic Borehole Logs 

Report of Test Grouting 

Adit Geologic Maps 

Petrographic Report 

Rock Core Tests - Report 

Aggregate Suitability - Report 

Report-Becker Drill Data and Boring Logs for 
F.Y. 83 and F.Y~ 84 

Boring Logs and Drill Hole Data for 
F.Y. 83, 
F.Y .. 84, and 
F .. Y. 85 

Exploration Logs for 
Ft. Y. 83, 
F.Y. 84, and 
F.Y .. 85 

Report - In-situ Soil Tests 

Soils Testing Reports 
F. Y. 83, 
F .. Y. 84, and 
F.Y. 85 



Task Number: 5 
OUTPUT 
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Main Dam Area - Geologic Maps 
Borrow & Quarry Areas - Geologic Maps 
Relict Channels - Geologic Maps 
Reservoir - Geologic Maps 

Plans of Geophysical Traverses 
Report of Geophysical Sxploration 

including Velocity Sections along each Traverse 

Report of Ground Temperature Surveys 
Report of Ground W··ter Data 

Hydrogeology Report including chapters on 
Main Site Area 
Relict Channels 
Borrow Areas 
Reservoir Area 

Annual Reports of Geotechnical Investigations 
FY 83, 
FY 84, and 
FY 85 

Final Geotechnical Report of Investigations for Design 

Field Dat~ Volume - Surface Geophysical Surveys 
Lab Test Data Volume - Subsurface Geophysical Surveys 

Contract Documents Volume -

Volum'~ -

Volume -
Vol tune 
Volume -
Volume -

Dra~ings-Geotechnical 

Boring Logs Rock 
Boring Logs Soil 
Lab Test Data Rock 
Lab Test Data Soils 
Logs, Test pits, Trenches 
In-situ Tests, Rock, Soils 
Reservoir Maps 
Instrumentation Data 

1. Subsurface Exploration Plan - Damsite 
2. Subsurface Exploration Plan - Watana Channel 
3. Subsurface Exploration Plan~ Fog Lakes Channel 
4. Borrow AJ:·eas - Location and Exploration 



~· Task Number: 6 

Task: FERC License Support 

SUBTASKS 

Management Subtasks 

Coordinate with Power Authority in JV support efforts .for 
license application 

Expedite JV work to respond to license questions by FERC 
and other agencies 

Envirr 1.11lental Engineering Subtasks 

FERC License Support 

Review 
Environmental Studies 
Project Design and Operation 
FERC Request for Supplemental Information, List of 

Deficiencies 

Assist in Preparation of Response to FERC for Supplemental 
Information 

Assist Power Authority in the review Agency/Public Comments 
on License Application and pre~are responses 

Modify Environmental Programs, Project Concepts as 
necessary 

Review Draft EIS 

Prepare Comments 
On Draft EIS 
on Agency/Public Review of Draft EIS 

Review Final EIS 

On Draft EIS 
On Agency/Public Review of Draft EIS 

Review FERC Proposed General and Special Conditions to 
License for Project 

Assist Power Authority in Discussions with FERC/Agencies 
on General and Special License Conditions 



Task Number: 6 
SUB TASKS 
Page 2 

Develop Final Project Monitoring and Mitigation/Enhancement 
Programs 

Geotechnical Engineering Subtasks 

FERC License Support 
Prepare studies and analyses to support license Appli
cation 

Dam and Foundation Treatment 
Relict Channel Treatment 

Prepare Exhibits for Presentations at FERC Hearings, 
other agency and Public Meetings. 

Water and Energy Planning Resource Subt.asks 

FERC License Support 
Review License Application and prepare responses to 
FERC supplemental information requests on project 
economics 

Prepare Exhibits for presentation at FERC Hearings ) 
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Task: FERC License Support 

OUTPUT 

Management Output 

Coordinate responses and support to Power Authority during 
FERC License Review Period 

EnVoironmental, Geotechnical and Energy Planning Output 

Memos, Exhibits, and presentations as required to support 
Power Authority during FERC License Review 
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Task Number: 7 

Task: Electric Power Systems Studies 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule for Tasks 
and Sultasks 

Initiate work 

Electrical Engineering Subtasks 

1'("\ carry out complete electric power system studies includ·
ing; load flow, transient stability, fault current (i.e .. 
short circuit), and transient network analysis (TNA). Work 
will assure that the initial Watana project and later 
Devel's Canyon Projects will be compatible with the 
operation o£ the projects together with the initial plann~~d 
Anchorage-Fairbanks transmission interconnection as well as 
other planned power system facilities in the Rail belt 
area. 

Prepare Data Base for Electric Power System 
Make Load Flow Calculations 
Make Transient Stability Calculations 
Calculate System Impedance Equivalents for use with TNA 

Study 
Carry out rrNA Studies 
Short Circuit Calculations 
Prepare Report of Electrical Power System Studies 

Mechanical Engineering Subtasks 

Note~ 

Assemble information on turbine and governor 
characteristics at other generating facilities in the 
system as well as at Watana and Devil's Ca~yon 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 



Task Number: 7 

Task~ Electric Power Systems Studies 

OUTPUT 

Management Output 

Input to Monthly Progress Report on status of Task with 
respect to schedule and budget 

Electrical Engineering Output 

A report that include:3 results and recommendations with 
respect to 
Transient Network Analysis Studies (TNA) 

Set Basic Impulse Insulation Level (BIL) 
Set Basic Switching· Surge Level ( BSL) 
Insulation Coordination 
Determine Surge Arrester Rating 
Determine Transient and sustained voltage conditions 

at power plant substations 
Investigate Ferro Resonance Conditions taking into 

account saturation characteristics of Generator Step
up Transformers 

Verify need for resistors in high voltage circuit 
breakers for opening and closing operation 

Analysis of switching surge levels and transient volt
age conditione for underground pO\'lerhouse high 
voltage cables. 

Transient Stability Studies 
Determine limits of machine inertia relative to power 

system stability 
Verify generator and generator step-up transformer 

reactance limits. 
Verify application of generator excitation and speed 

governor characteristics 
Provide input to hydraulic studies relative to power 

system 
Determine circuit breaker reclosing requirements 

Short Circuit Studies 
Provide equivalent impedance values for TNA studies 
Determine circuit breaker interrupting ratings 
Provide data base to calculate fault current levels 

required to determine relay requirements 
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'I'ask .Number: 7 
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Load Flow Studies 
Determine power flow levels and plant voltage regu

lation requirements 
Verify selection of machine power factor 
Establish gene.rator step-up transformer tap setting 

requfrements 
Provide data base for stability and TNA studies~ In 

conjunction with reservoir operations studies, de
termine power system losses, and feasibility of 
various modes of hydro-thermal generation dispatch. 

Mechanical Engineering Output 

A memorandum that lists the turbine and governor 
characteristics of the generating plants included in the 
system studies 

fJ 



Task Number: 8 

Task: Preparation and Participat~on in Power Authority's Public 
Information Meetings 

SUBTASKS 

Management Subtasks 

Note: 

Jointly with Power Authority schedule series o£ Public 
Information Meetings 

Prepare plan of meetings, agenda of meetings and recommend 
participants for Power Authority Approval 

Coordinate the preparation of necessary graphics, visual 
aids as well as participation of JV personnel, 
subcontractor personnel and outside consultants 

Architectural, Civil, Electrical, Enviror~ental, 
Geotechnical, Hydraulic, Hydrology, Mechanical disciplines 
of JV participate as required and prepare material for 
presentation to by Pov1er Authority public in meetings 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

0 
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Task Number: 8 

Task: Preparation and Participation in Power Authority's Public 
Information Meetings 

OUTPUT 

Exhibits, memos, brochures and reports to Public 



-

Task Number: 9 

Task: Preparation and Participation l.n Power Authority•s 
External Review Panel Meetings and Goverrmental Agency 
Review Meetings 

SUBTASKS 

Management Subtasks 

Jointly with Power Authority schedule meeting with Power 
Authority's External Review Panelo 

Prepare agenda, collect supply necessary information in 
advance of meeting for dissemination by participants 

Prepare Minutes of the meeting 

Coordinate the preparation of necessary graphics, visual 
aids as well as participation of JV personnel, 
subcontractor personnel and outside consultants 

Internal Review Panel 

Preparation and participation in meetings as required. 

Architectural, Civil, Electrical, Environmental Geotechnical, 
Hydraulic, Hydrology, Mechanical Disciplines Disciplines -
preparation, participation and support to A.PA and JV Management 
as required for meetings. 

Note: 

Prepare material for support of JV Management and Internal 
Review Panel in meetings with Power Authority•s External 
Review Panel 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 
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Task Number: 9 

Task: Preparation and Participation in Power Authority's 
External Review Panel Meetings and Governmental Agency· 
Review Meetings Review Panel Meetings 

OUTPUT 

Management Output 

Exhibits, memos and reports 

I 
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Task Number: 10 

Task: Contract Document C-1 
Diversion Tunnel and Facilities 

SUB TASKS 

Management Subtasks 

lssue and control manpower budgets and schedule 
for Task and Subtasks 

Initiate work 

Civil Engineering Subtasks 

Prepare d-asign memo 
Prepare technical specifications 
Perform structural analysis and design of all project 

features 
Prepare contract/construction drawings 
Coordinate and review drawings from other discipli~es 
~repare quantity take offs for the engineers estimate 
Review manufacturers drawings and computations 

Rlectrical Engineering Subtasks 

Prepare drawings of embedded electrical work features 
Prepare technical specification 
Prepare cost estimate 

Geotechnical Engineering and Geology Subtasks 

Study geotechnical data pertinent to the tunnels and tunnel 
port1~ls 

Select design criteria 
Establish portal geometry and support 
Determine tunnel support requirements 
Establish instrumentation system 
Prepare design memo on excavation and support 
Prepare contract documents 

Collate and index geotechnical data 
Prepare data volume 
Prepare boring location map 
Prepare contract drawings 

Portals, 2 sheets 
Tunnel, 1 sheet 

Prepare technical specification sections 
Prepare procedures for inspection 

-
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Task Number: 10 
SUB TASKS 
Page 2 

Mechanical Engineering Subtasks 

Provisions for diversion gate hoist 
Embedded portions of diversion gate (include associated 

details for installation) Dwg. preparation 
Preliminary studies for emergency release gates (including 

associated details for release/hydraulic studies/opera 
tion) 

Provisions for mechanical equipment and operators and asso
ciated space allocations 

PreP.aration of specificaJ.:.ions for embedded components 

Hydraulic Engineering Subtasks 

Diversion 
Prepare hydraulic design memo 
Compute tailwater at tunnel outlets 
Consider ice passage and ice control requirement 

during diversion 
Compare relative costs for alternatives 
Select optimum 
Finalize tunnel setting and design water profiles, 

and pressures. 
Finalize intake structure water passage dimensions 
Finalize outlet structure water passage dimensions 

Support Services Subtasks 

Note; 

Develop standard conditions of bidding and construction 
contracts to carry through remainder of c-contracts 

Make quantity take-off, develop detailed bases for cost 
ecti:nating and prepare engineer's estimate 

Prepar~ construction schedule for Contract c-1 
Edit, ~ard process and revise, as necessary specification 

techn~.cal sectie;ns and bid forms; reproduce and bind 
Provide corist~uctability review of technical specifications 

witten by the d~sign department 
Assist with bidding qOd award: bidder prequalification, 

isue of documents, jobsite pre-bid meeting, bid receipt 
and recording, bid evaluation and letter of reco~aenda
tion 

Prepare addenda as nece~sary 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services~ 
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Task Number: 10 

Task: Contract Document C-1 
Diversion Tunnel and Facilities 

Management Output 

Contract Document C-1 
Contract Award 

Civil Engineering Output 

OUTPUT 

Design memo diversion tunnel structural design 
Technical specifications 

Steel liner 
Metalwork 

Civil/structural computations 
Contract/construction drawings 
Quantity take off of civil items 
Review of manufacturers drawings and computations for steel 

liner and metalwork 
Drawings 

Index 
Project Location Map 

Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological information 
Standard Details - Sheets 1-5 
Diversion Tunnel - Sheets 1-4 
Emergency Releas~s Features - Sheets 1-4 
Access Tunnel and Portal - Cone. and Reirf. -

Sheets 1 and 2 
Intake Excavation - Sheets 1 and 2 
Intake No. 1 & 2 - Geometry - Sheets 1 and 2 
Intake No. 1 & 2 ~ Cone. ~ Reinf. - Sheets 1-5 
Intake Hoist Structure Housing - Sheets l and 2 
Diversion Intake Yard 
Diversion Outlet Portal Excavation 
Diversion Outlet Portal - Tunnel No. 1 ~ 2 - Cone. & 

Reinf, - Sheets 1-3 
Diversion Portal Yard 

Electrical Engineering Output 

Drawings 
Conduit and Grounding Sheets l and 2 

I I 
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Task Number: 10 
OUTPUT 
Page 2 

Specification text sections 
Conduit 
Grounding 
Miscellaneous Work 

Cost estimate 

Geotechnical Engineering and Geology Output 

Design l~emos 
Dive~3ion-Tunnel Excavation and Support 

Contract Documents 
~~hniE~ Specifications Sections on 

Diversion and Care of Water 
Clearing, Grubbing and Stripping 
Open Excavation 
Restoration 
Underground Excavation 
Excavation Support 
Drilling and Grouting 
Instrumentation 

Geotechnical Data Volume - -;--·-~tract Draw~ngs 

Manual of Inspection Procedures 

Mechanical Engineering Output 

Two contract/construction drawings for embedded items 
Or.te g< .. ~neral section of specification for embedded materials 

Hyd.r·aulic Engineering Output 

Hydraulic design memo 
Memos 
Hydraulic Geometry 
Headwater and Tailwater Rating Curves for documents 

Sup9ort Services Output 

Contract Documents C-1 
Engineer's estimate 
Letter of recommendation for award 

-
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Task Number: 11 

Task: Contract Document C-2 - Main Dam I Excavation of 
Abutments, Drainage and Grouting Access Tunnels; 
Drilling and Grouting Inside Galleries 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedules for 
Task and subtasks 

Initiate Work 

Civil Engineering Subtasks 

Provide assistance as required to geotechnical 

Geotechnical Engineering Subtasks 

Study and evaluate pertinent geotechnical data 

Select geotechnical design parameters 

Establish criteria for abutment excavation 
under shells 
under core and filters 

Establish criteria for the grout curtain 

Establish criteria for the drainage curtain 

Study and select the layout for grouting, drainage, and 
access g~lleries 

Analyze the methods and procedures to thaw ground ice in 
advance of grouting 

Model the effects of the reser~roir on the permafrost in 
the dam abutments and foundation 

Establish the foundation instrumentation system 

Prepare reports 
Methods and procedure to thaw ground ice in advance 
of grouting 

,, 

Reservoir effects on the permafrost in tl1e drun 
abutments and foundation 
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Task Number: 11 
SUB TASKS 
Page 2 

Prepare Design Memo 
Dam, Foundation Treatment 

Prepare Contract Document 
collate and index geotechnical data 

prepare data volume 

prepare data location map 

prepare contract drawings 

prepare technical specs. 

Prepare construction inspec~ion procedures 

Mechanical Engineering Subtasks 

Review and coordinate civil contract for associated 
mechanical equipment sizing/layout/arrangement 

Provisions for gallery drainage (including associated 
details necessary during preparation of civil drawings) 

Provisions for gallery ventilation (including associated 
details necessary during preparation of civil drawings) 

Prepare Design memos covering drainage and grouting 
access tunnel ventilation and drainage pumping system 

Support Services Subtasks 

Note: 

Revise conditions of contract to fit specific contact 

Make quant:i.ty take-off develop detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare detailed construction schedule 

Prepare drafts and final documents for issue, prepare 
agenda 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

-
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Task Number: 11 

Task: Contract Document C-2 - Main Dam I Excavation of 
Abutments, Drainage and Grouting Access Tunnels; 
Drilling and Grouting Inside Galleries 

Management Output 

Contract document C-2 
Contract Award 

Civil Engineering Output 

OUTPUT 

Sketches of pumping stations and portal structures 

Geotechnical Engineering Output 

Report on Methods and Procedure to Thaw Ground Ice in 
Advance of Grouting 

Report on Reservoir Effects on the Permafrost in the 
Darn, Abutments and Foundation 

Design Memo on Darn Foundation Treatment 
Contract Documents 

Technical Specifications Sections on 
Open Excavation 
Underground Excavation 
Excavation Support 
Drilling and Grouting 
Instru..rnentation 

Geotechnical Data Volume 
Contract Drawings 

Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological Information 
Foundation Excavation Sheets 1 and 2 
Galleries Sheets 1-4 
Grouting and Drainage Sheets 1-4 
Instrumentation Sheets 1-4 

construction Control Memos on 
Foundation Treatment 
Ins trurnen ta.tion 
Excavation and Support 

---



Task Number: 11 
OUTPUT 
Page 2 

Mechanical Engineeripg Output 

Prepare Design memos covering drainage and ventilation 
for Main Dam grouting and drainage tunnel 

Provide sketches for use in preparation of 
civil/geotechnical drawings. 

Review civil/geotechnical drawings for mechanical 
equipment and specifications 

Support Services Output 

Contract Documents 
Engineer•s Estimate 



Task Number: 12 

Task: Contract Document C-3 - Main Dam II 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and scheduling for Task 
and subtasks 

Initiate work 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate pertinent geotechnical data 
Select geotechnical design parameters 
Establish criteria for cofferdams 

sources and characteristics of materials 
~nternal and external geometry 
seepage control and dewatering 
stability 
constructability 

Establish criteria for dam excavation in valley floor 
Establish criteria for rock treatment 

in contact with dam shells 
in contact with core and filters 

Finalize dam geometry 
core 
filter zones 
shells 

Evaluate material sources and characteristics 
volume available 
homogeneity 
properties 

Select material parameters for design 

Design filter and drain gradations 
Determine placement, moisture and compaction 

requirements for materials 
Establish the instrumentation system 
Prepare design memos 

cofferdam 
dam, excavation and foundation treatment 

Prepare Contract Document 
collate and index geotechnical data 
prepare data volume 
prepare data loc. map 

0 



Task Number: 12 
SUB TASKS 
Page 2 

prepare contract drawings 
prepare technical specs 

Prepare construction inspection procedures 

Hydraulic Engineering Subtasks 

Alternative Dam Cross-Sections 
Pc~e Pressure Gradients 

Alternative Foundation Treatment 
Foundation Pressure Gradients 

Support Services Subtasks 

Note: 

Revise conditior.s of contract to fit specific contract 
Make quantity take-off, develop detailed bases for cost 
estimating, prepare engir.eer•s estimate 

Prepare detailed construction schedule 
Prepare drafts and final documents for issue 
Prepare addenda 

Management and Support Services Subtask:s budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

) 



Task Number: 12 

Task: Contract Document C-3 - Main Dam II 

Management Output 

Contract Documents C-3 
Contract Award 

OUTPUT 

Geotechnical Engineering and Geology Output 

Design Memos 
Dam Excavation and Rock Surface Treatment 
Cofferdams 
Dam, Material Characteristics 
Dam, Cross Section, Zoning and Details 

Contract Documents 
Technical Specification Sections on 

D~vers~on and Care of Water 
Clearing 1 Grubbing and Stripping 
Open Excavation 
Restoration 
Excavation Support 
Drilling and Grouting Fills 
Instrumentation 

Geotechnical Data Volume 
Contract Draw~ngs 
· Cofferdams Sheets 1-3 

Excavation and Foundation Treatment 
Sheets 1 and 2 

Dam Sheets 1-3 
Instrumentation Sheets l and 2 

Construction Control Memos on 
Foundati0n Treatment 
Fills 
Instrumentation 

Hydraulic Engineering Output 

Memo and sketches 

Support Services 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation Award 

!I' 



Task Number: 13 

Task: Contract Document C-4, Main Spillway Excavation 
Foundation Treatment, Drainage Gallery 

SUB TASKS 

Managenent Subtasks 

Issue and control manpower budgets and schedules for Task 
and subtasks 

Initiate work 

Civil Engineering Subtasks 

Coordinate work between preparation of concrete outline 
drawings and excavation drawings 
Interface vli th Contract C-9 

Assist in drainage gallery location design 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate pertinent geotechnical data 
Select geotechnical design parameters 
Finalize excavation geometry 

approach channel 
spillway headworks and chute 
tailrace channel 

Establish cut slopes 
temporary 
permanent 

Establish criteria for cut slope support 
Establish criteria for foundation treatment 

galleries 
grouting 
drainage 

Establish the instrumentation system 
Prepare design memos 

Main Spillway, Excavation and Foundation Support 
Prepare Contract Document 

collate and index geotechnical data 
prepare data volume 
prepare data loc. map 
prepare contract drawings 

Prepare construction inspection procedures 



Task Number: 13 
SUB TASKS 
Page 2 

Hydraulic Engineering Subtasks 

Begin Hydraulic Design Memo 
Establish alignment with downstream plunge pool 
Develop spillway profile considering geology and 

topography 
Develop approach channel aligr~ent and dimensions 
Begin Model Test Program 

Support Services Subtasks 

Note: 

Revise conditions of contract to fit specific contract 
Make quantity take-off develop detailed bases for cost 
estimating, prepare engineer•s estimate 
Prepare detailed con~truction schedule 
Prepare draft.s and final documents for issue 
Prepare Addenda 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

': 

) 



Task Number: 13 

Task: Contract Document C-4, Main Spillway Excavation, 
Foundation Treatment, Drainage Gallery 

Management Output 

Contract Doclli~ent C-4 
Contract Award 

Civil Engineering Output 

OUTPUT 

Review of excavation drawings, sketches and design 
computations for drainage gallery location and interface 
with Contract C-9 

Geotechnical Engineering and Geology Output 

Design Memos 
Main Spillway, Excavation and Foundation 'I'reatment 

Contract Documents 
Technical s2ecifications ~ 
D~versiori and Care of Water 
Clearing Grubbing and Stripping 
Open Excavation 
Underground Excavation 
Excavation Support 
Drilling and Grouting 
Instrumentation 
Geotechnical Data Volume 
Contract Draw~ngs 

Spillway Excavation Sheets 1-3 
Spillway Foundation Treatment Sheets 1-3 

Construction Control Memos on 
Excavation and Support-
Foundation Treatment 
Instrumentation 

Hydraulic Engineering Output 

Hydraulic Design Memo 
Model Program 
Alignment and Profile for Contract Documents 
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Task Number: 14 

Task: Contract Document C-5 Outlet Facilities~ 
Outlet Facilities: Tunnel Excavation, Concrete and 
Furnish and Install Steel Tunnel Liner (only up to the 
point where conduits enter the Discharge Valve House) 

SUB TASKS 

Management Subtask 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Civil Engineering Subtasks 

Prepare design memos 

Prepare technical specifications 

Perform structural analysis and design of all project 
features 

Prepare contract/construction drawings 

Coordinate and review drawings from other disciplines 

Prepare quantity take-offs for the engineer's estimate 

Review manufacturers• drawings and computations 

Electrical Engineering Subtasks 

Prepare drawings of embedded electrical work features 
Prepare technical specification 
Prepare cost estimate 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate geotechnical data 
Select geotechnical design parameters 
Establish portal geometry and support 
Determine tunnel support. requirements 
Establish criteria for tunnel grouting 
Establish 1:.he instrumentation system 
Prepare design memo 

Outlet facilities, Excavation and Support 



Task Numbcar: 14 
SUB TASKS 
Page 2 

Prepare contract documents 
collate and index geotechnical data 
prepare data volume 
prepare contract dra~ings 
prepare technical specifications 

Mechanical Engineering Subtasks 

Studies for provisions for ou·tlet Facilities Intake Gate 
Hoist Structure and Equ.:i.pment 

Drawing preparation of Outlet Facilities Intake Gate~ 
Embedded portions including associated details for 
installation 

Coordination of Hydraulic studies for .Outlet Facilities 
conduit sizing and Hydraulic studies for Outlet 
Facilities Intake Gate and Discharge Valve sizing 
(Preliminary Studies) 

Hydraulic Engineering Subtasks 

Prepare Hydraulic Design Memo 
Compute Head Losses 
Compute Discharge Ratings for Valves 
Check Tailrace Protective Works for Valve Discharge 
Transient Tunnel Pressures Based on Valve Operation 
Tunnel Pressure and Gate Loading for Emergency Closure of 

Intake Gat~ 

Support Services Subtasks 

Note; 

Revise conditions of contract to fit specific contract 

Make quantity take-off, develop detailed bases for cost 
estimating, prepare engineer•s estimate 

Prepare detailed construction schedule 

Prepare drafts and final dccu.'n~l1tli:i for issue, prepare 
agenda. 

Management and Support Services Subtasks budgets a~·e 
included with Task Number 1 Management and Task Number 
2 Support Services. 



Task Numbe~: 14 

Task: Contract Document C-·5 Outlet Facilities. 
Outlet Facilities: Tunnel Excavation, Concrete and 
F'urnish and Install Steel Tunnel Liner (only up to the 
point where conduits enter ·the Discharge Valve House) 

Management Output 

Contract Document C-5 
Contract Award 

Civil Engineering Output 

Design Memo 

OUTPUT 

Outlet Facilities structural design 

Technical Specifications 
Steel liner 
Metalwork 
Architectural 

Civil/ Structural compu·tations 

Quantity take-o.ff of civil and architectural items 

Review of manufacturers• drawings and computations 

Contract Construction Drawing~ 

Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological Information 
Standard Details Sheets 1-5 
Outlet Facilities - General Layout 
outlet Facilities - Concrete and Reinforcement Sheets 1-3 
Gate Structure - ExcavcLtion Sheets 1 and 2 
Gate Structure Yard 
Gate Structure - Cone. & Rein£. Sheets 1-7 
Gate Hoist Tower Structure Sh€~ts 1 and 2 
Outlet Manifold & Valve ~ 
Chambers - General Layout 

,~·, 

\ f-
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Task Number: 14 

Task: Contract Document C-5 Outlet Facili·ties. 
Outlet Facilities: Tunnel Excavation, Concrete and 
Furnish and Install Steel Tunnel Liner (only up to the 
point where conduits enter the Discharge Valve House) 

Management Output 

Contract Document C-5 
Contract Av1ard 

Civil Engineering Output 

Design Memo 

OUTPUT 

Outlet Facilities structural design 

Technical Specifications 
Steel liner 
Metalwork 
Architectural 

Civil/Structural computations 

Quantity take-off of civil and architectural items 

Review of manufacturers' drawings and computationz 

Contract Construction Drawings 

Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological Information 
Standard Details Sheets 1-5 
Outlet Facilities - General Layout 
Outlet Facilities - Concrete and Reinforcement Sheets 1-3 
Gate Struct.ure - Excavation Sheets 1 and 2 
Gate Structure Yard 
Gate Structure - Cone. & Reinf. Sheets 1-7 
Gate Hoist Tower Structure Sheets 1 and 2 
Outlet Manifold & Valve 
Chambers - General Layout 

• 

• 
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Task Number: 14 
OUTPUT 
Page 2 

Outlet Manifold & Valve Chambers - General Layout 
Details - Conco & Reinfm Sheets 1-3 
Architectural Enclosure Plan Elevation & Details 

Electrical Engineering Output 

Conduit and grounding drawings s·heets 1 and 2 
Specification text sections on conduit, grounding and 

miscellaneous work 
Cost estimate 

Geotechnical Engineering and Geology Output 

Design Memo 
Outlet Facilities, Excavation and Support 

Contract Documents 
Technical Soecifications 
Clearing, Grubbing and Stripping 
Open Excavation 
Underground Excavation 
Excavation Support 
Concrete Reinforcement 
Instrumentation 
Geotechnical Data Volume 
Contract Construction Drawings 

Portal Excavation 
Tunnel Excavation 

Construction Control Memos on 
Excavation and Support 
Instrumentation 

Mechanical Engineering Output 

Two Contract/Construction Drawings for Embedded 
Components: 

Drawing List - Mechanical 
Ml Outlet Facilities Intake Gates Embedded Parts: 

Plan & Sections 
M2 Outlet Facilities Intake. Gates Embedded Parts: 

Details 
One general section of specifications for embedded items 

• 

.. .. 



Task Number: 14 
OUTPUT 
Page 3 

Hydraulic Engineering Output 

Hydraulic Design Memo 
Hydraulic Geometry 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation of Award 
Expedite contractor shop drawings 
Expedite design department 1 s review and approval of 

Contractor's submittals 
Prepare regular status report of all contractors submittals 



-· - ,., 
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Task Number: 15 

Task: Contract Document C-6 - Power Facilities & Access Tunnels 
to Power Facilities, Excavation and Concrete Structures, 
Diversion Tunnel Plugs, Furnish and Install Steel 
Penstock Liners and Steel Conduits in Tunnel No~ 1 Plugs, 
Mass Concrete in Powerhouse, Trans£onner GalJery, and 
Surge Chamber 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Initiate work 

Civil Bngineering Subtasks 

Prepare design memos 
Prepare technical specifications 
Perform structural analysis and design of all project 
features 

Prepare contract/construction drawings 
Coordinate and review drawings from other disciplines 
Prepare quantity take-offs for the engineer's estimate 
Review manufacturers• drawings and computations 

Electrical Engineering Subtasks 

Provide equipment layouts 
Prepare drawings of embedded elec. work features 
Prepare technical specification 
Prepare cost estimate 
Perform technical and economic evaluation of SF-6 bus 
configuration compared with oil pipe type cable for 
powerhouse-to-switchyard high voltage connections 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate geotechnical data 
Select geotechnical design parameters 
Evaluate chamber/tunnel orientation and geometry 
Study stress and deformation in rock surrounding main 

chambers 

Study pillar requirements between draft tube excavations 
Study stress patterns in rock surrounding main 
intersections 

1 
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Task Numb~r: 15 
SUB TASKS 
Page 2 

Evaluate support sy?tems for chambers and tunnels 
Evaluate effects of permafrost if present 
Establish grouting and drainage systems 
Establish the instrumentation system 
Prepare Contract Document 

collate and index geotechnical data 
f 1repare data volume 
~repare data loa. maps 
prepare contract drawings 

Prepare technical specs. 

Prepare report on "Anti?ipated deformations of Rock during 
Excavation" 

Prepare construction inspection procedures 

Mechanical Engineering Subtasks 

Review and coordinate civil contract-for associated 
mechanical equipment size/layout/arrangement 

Drawing preparation for embedded portions of Power Intake 
Gates (including associated details for installation) 

Studies for provisions for Power Intake Gate Crane 
structure and equipment 

Powerhouse Mechanical system Studies 

Surge chamber mechanical system studies 

Drawing preparation for embedded portions of major piping 
(included associated details for installation) 

Coordination for work done under Task 21 

Drawing preparation for embedded portions of Emergency 
Release Gates (including details for installation) 

Prepare mechanical system design memos from which drawings 
and specs will be prepared from under Task 21 



Task Number: 15 
SUBTl'ii.SKS 
Page 3 

Hydraulic Engineering Subtasks 

Hydraulic Design Memo for power operation 
Hydraulic Design Memo for emergency outlet 
Maximum and Minimum internal tunnel pressures for range of 

specified governor times 
Detail head loss computations 
Input turbine characteristics for computer turbine 
operation transients 

Final tailwater studies for unit setting 
Determine final tail-tunnel surge levels 
Intake gate closure for gate loads and tunflel pressures 
Finalize Emergency Outlet gate sizes 
Compute final Emergency Outlet discharge ratings 
Compute Emergency Outlet water profiles in tunnel 
Compute Emergency Outlet air vent requirements 
Finalize Emergency Outlet,structure 
Prepare Emergency Outlet ~1odel Program 
Monitor Emergency Outlet Model Program 
Coordinate required revision to design 
Review model report 

Support Services Subtasks 

Note: 

Revise conditions of contract to fit specific contract 
Make quantity take-off, develop detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare detailed construction schedule 
Prepare drafts and final docurn~nts for issue 
Prepare Addenda 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 



Task Number: 15 

Task: Contract Document C-6 - Power Fa2ilities & Access Tunnels 
to Power Facilities, Excavation and Concrete Structures, 
Diversion Tunnel Pluge, Furnish and Install Steel 
Penstock Liners and Steel Conduits in Tunnel No. 1 Plugs, 
Mass Concrete in Powerhouse, Transformer Gallery, and 
Surge Cliamber 

OUTPUT 

Management Output 

Contract Docmnent C~6· 

Contract Award 

Civil Engineering Output 

Design Memos 
General Design Criteria 
Powerhouse General Arrangement and Structural Design 
Power Intake, Tunnel, Tailrace and Surge Chamber Structural Design 
Penstock and Steel Liner 
Power Facilities Architectural Design 
Technical Specifications 

Penstock and Steel Liners 
Metalwork 
Architectural 

Civil/Structural computations 
Contract/Construction drawings (see attached drawing li~t) 
Quantity take-off of civil and architectural items 
Review of manufacturers' drawings and computations 

Civil/Structural Drawings 
Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological Information 
Standard Details, Sheets 1-5 
General Layout and Power Tunnel Details, Sheets 1-4 
Intake General Arrangement, Sheets 1-3 
Intake - Conde & Reinforcement, Sheets 1-9 
Intake - Superstructure, Sheets 1-4 
Power Facilities General Layout, Sheets 1 and 2 
Powerhouse General Arrangementr Sheets 1-5 

. " 
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TasJ<: Number: 15 
OUTPUT 
Page 2 

Powerhouse Excavation, Sheets 1 and 2 
Pow~rhouse - Layout, Sheets 1-6 

I 

Powerhouse - Concrete (Plans, Sections & Details 
from Draft Tube to El. 1463.0), Sheets 1-20 

Powerhouse - Reinforcement (Overlay to Concre·te Dwg. ) , 
Sheets 1-20 

Service Bay & Battery Room Gallery - Concre·te & Reinforce-
ment, Sheets 1-5 

Access Shaft Cone. & Reinforcement, Sheets 1 and 2 
Po~Terhouse Access Tunnel & Portal

1 
Sheets 1-3 

Transformer Gallery - Concrete & Reinforcement, 
Sheets 1-6 

Tailrace Tunnels - Concrete & Reinforcement, 
Sheets 1-4 

Surge Chamber - Concrete & Reinforcement Sheets 1-5 

Architectural 

Intake Enclosure, Sheets 1 and 2 
Powerhouse, Sheets 1-7 

Electrical Engineering Output 

Electrical Drawings 
Conduit and Grounding: 
Conduit and Grounding: 
Conduit and Grounding: 
Conduit and Grounding: 
Conduit and Grounding: 

!ntake - Sheets 1 and 2 
Powerhouse Sheets 1 and 2 
Generator/Erection Bay Gallery 
Transformer Gallery Sheets 1 and 2 
Surge Chamber Sheets 1 and 2 

Specification text sections: Conduit 
Grounding 
Miscellaneous 

Summary report - SF-6 Bus Versus 
Oil-Pipe-Type Cable 

Geotechnical Engineering and Geology Output 

Design Memo 

Power-Facilities and Access, Excavation and Support 

• 

' 

.. 
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Task Number: 15 
OUTPUT 
Page 3 

Contract Documents 
Technical Specifications 
D~vers~on and Care of Water 
Clearing, Grubbing and Stripping 
Open Excavation 
Underground Excavation 
Restoration 
Excavation Support 
Drilling and Grouting 
Instrumentation 
Geotechnical Data Volume 
Contract Drawings 

Powerhouse Excavation Sheets 1 and 2 
Powerhouse Access Tunnel Excavation 
Tailrace Tunnels 
Surge Chamber Excavation 
Powerhouse Excavation Support Sheets 1 and 2 
Tunnel Excavation Support 
Surge Chamber Excavation Support 

Construction Control Memo~ 
Excavation and Support 
Instrumentation 
Foundation Treatment 

Report on "Anticipated deformations of rock during 
Excavations" 

Mechanical Engineering Output 

Provide sketches of embedded piping for use in preparation 
of civil drawings 

Mechanical system design memoranda & studies 
List of Mechanical Drawings 

General Mechanical (Piping Standards) 
Draft Tube Depression System 
Unit Unwatering and Filling System 
Station Drainage 
Sewage Treatment 
Raw and Cooling Water Systems 
Treated Water System 
Oil Systems 
Fire Protection Systems 
Penstock Filling System 
Machine Shop Equipment 
Piezometers and Water Level Gauges 
Heating, Ventilating and Air Conditioning Systems 
Compressed Air Systems 
Powerhouse Crane 

• 



Task Number: 15 
OUTPUT 
Page 4 

Intake Crane 
Draft Tube Crane 
Intake Gates and Hoists 
Draft Tube Gates 
Trashra.cks 

12 contract/construction drawings for embedded items (for 
gate equipment) 

List of Mechanical Embedded Items Drawings 
Intake Gates and Hoists, Sheets 1 and 2 
Intake Bulkhead 
Intake Shutter Gate 
Intake Trashracks 
Intake Ice Boom 
Power Intake Cranes 
Diversion Closure Gate Hoists and Sheets 1 and 2 
Emergency Release Facilities Trashrack 
En1crgency Release Gates & Hoists, Sheets 1 and 2 

3 general sections of specifications for embedded items: 
List of Specifications 

Intake Gates, Bulkhead, Trashrack and Ice Boom 
Diversion Closure Gate and Energency Release 

Equipment 
Embedded Piping 

Hydraulic Engineering Output 

Hydraulic Design 
Model Program for emergency release 
Model Report 
Hydraulic Ge~metry 

Support Services Output 

Contract Documents 
Engineer•s Estimate 
Letter of Recommendation for Award 
Report of Status of Contractors Drawing Submittal 

• 
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Task Number: 16 

Task: Contract Document C-7 Main Dam III 
Embankment to Elevation 2210, Plus Relict Channel 
Excavation and Embankment, Emergency Spillway Excavation, 
Fuse Plug and Switchyard Excavation 

SUB TASKS 

Civil Engineering Subtasks of Spillway, Intakes (Power and 
Outlet Facilities) 

Coordinate Work with dam emban~~ent design 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate pertinent geotechnical data 

SeJ.ect geotechnical design paramete"C"s 

Evaluate material sources and characteristics 
lessons learned from Contract C-3 
volume available 
homogeneity 
properties 

Select materia.! parameters 

Perform seepage analyses 
darn 
foundations 

Perform stress, deformation and stability analyses 
during construction 
with full pool 
during flood 
during drawclown 

Perform dynamic stress, deformation and stability analyses 
select seismic design parameters 
select dynamic soil properties 
input static atress conditions 
perform dynamic ~esponse analysis 

• " 



Task Number: 16 
SUB TASKS 
Page 2 

Determine the earthql'!ake effects on t.he dam 

Establish the defense measures to mitigab: the effects of 
earthquake 

Evaluate cont.:;t:cu....!tability of the dam 
Evaluat.e l..tSe of material from various borrow or quarry 

sources 
Evaluate use of required excavations 
Evaluate schedule for construction 

Finalize crest details, freeboard an~ slope protection 

Finalize internal geometry and zoning 

Review placement, moisture and compactions requirements for 
materials based on Contract C-3 experience 

Review sel~ction of filter and drain gradation 

Establish the instrumentation system 

D~ter.mine bedrock configuration in relict channels 
Watana channels 
Fog Lakes 

Identify geologic processes and study 

Establish hydrogeologic regime and estimate per.meability of 
strata 

Estimate strength characteristics of relict channel 
materials based on standard penetration. and core 
penetrometer tests 

Dete~ine the extent of permafrost and temperature regime 
and relict channels 

Perform seepage analyses 
Develop computer and hand models 
Perform parametric analysis 
Determine need for treatment 

. .. 
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Task Number: 16 
SUB TASKS 
Page 3 

Perform stability analysis of relict channels for 
upstream slopes 

reservoir fill 
reservoir drawdown 
under earthquakes (liquefaction analysis} 

downstream slopes · 

Perform thermal analysis of relict channel materials to 
determine 

thaw effects of the reservoir 
thaw - settlement 

Develop design concepts to mitigate the effects of seepage, 
earthquake and thaw 

establish use of filter blanket 
cutoffs 
drain curtains 
underground dam 

Establish design criteria for the freeboard dike 

Verify previously established design criteria and material 
requirements 

Finalize excavation geometry for the emergency spillway 
approach channel 
spillway 

Establish criteria for cut slopes and support 

Establish criteria for foundation treatment, emergency 
spillway 

grouting 
drainage 

Analysis of Reservoir Slopes 
Determine composition and competence of reservoir 

slopes 
Evaluate exostomg stability of slopes 
Determine the effects of the reservoir under a full 
pool and under drawdown 

Determine the effects of earthquakes 
Estimate the volume of po·t.ential slides 
D~termine the size of waves generated by reservoir 
slides . 



Task Number: 16 
SUB TASKS 
Page 4 

Determine the effects of reservoir slides on ·the dam, 
spillways, and intakes 

E·stablish design criteria and concepts to mitigate the 
effects of reservoir slides 

Establish design criteria for fuse plug 

Prepare reports 
Seepage th:r:·ough the dam and its foundation 
Static stresses and deformations within the dam during 

construction and project operation 
Seismic design parameters 
Dynamic stresses and deformations during earthquake 
Hydrology and Potential for Leakage through Relict 

Channels 
Stability of Relict Channel slopes 

Thaw of permafrost in Relict Channels and Resulting 
Effects 

Design Concepts for Relict Channel Treatment 
Reservoir Slides, Size, Effects and Mitigating 
Features 

Prepare design memos · 
Relict Channels, Characteristics of Glacial De ···sits 
Relict Channel Treatment 
Freeboard Dike 
Emergency Spillway, Foundation Treatment 
Fuse Plug 

Prepare contract, documents 
Collate and index geotechnical data 
Prepare data volume 
Prepare data location maps, 4 sheets 

Prepare nontract drawings 
Dam, zoning and details, 
Foundation treatment, 
Instrumentation, 

7 sheets 
3 sheets 
4 sheets 

Prepare technical specifications 
Relict channel treatment 6 
Freeboard dike 1 
Emergency Spill-;..Jay 

sheets 
sheet 

foundation treatment and 
excavation 

Fuse plug 
3 sheets 
1 sheet 



Task Number: 16 
~ SUBTASKS 

Page 5 

Prepare construction inspection procedures 

Hydraulic Engineering Subtasks 

Freeboard Design Memo 
Freeboard Design Studies 

Support Services Subtasks 

Make quantity take-off, develoF detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare detailed construction schedul.e 

Prepare drafts and final documents for issue, prepare 
agenda 

Environmental Science Subtasks 

NOTE: Managemen·t. ancl Support Services Subtasks budg~ts are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 



Task Number: 16 

Task: Contract Document C-7 Main Dam III 
Embankment to Elevation 2210, Plus Relict Channel 
Excavation and Embankment, Emergency Spillway Excavation, 
Fuse Plug and Switchyard Excavation 

OUTPUT 

Civil Engineering Output 

coordination of Main Dam with Spillway, Intake, and 
Emergency Spillway Interfaces. 

Geotechnical Engineering and Geology Output 

Design Memos 

Relict Channel8, Characteristics of Glacial Deposits 
Relict Channel Treatment 
Freeboard Dike 
Emergency Spillway, Foundation Treatment 
Fuse Plug 

contract Documents 
Techf!ical Specifications 

Diversion and Care of Water 
Clearing, Grubbing and Stripping 
Open Excavation 
Excavation Support 
Drilling and Grouting 
Fills 
Inst.rumenta tion 

Geotechnical Data Volume 
contract Drawings 

Dam 
Foundation Treatment 
Instrumentation 
Relict Channel Treatment 
Emergency spillway 

foundation treatment and 
excavation 

Fuse Plug 

Sheets 1-7 
Sheets 1·~3 
Sheets 1-4 
Sheets 1-6 

Sheets 1-3 

• .. 



Task Number: 16 
OUTPUT 
Page 2 

Cons-truction Control Memos 

Excavation and Support 
Foundation Treatment 
Fills 
Instrumentation 

~eports 

Seepage ·through the dam and its foundation 
Static stresses and deformations within the dam during 
construction and project operation 

Seismic design parameters 
Dy·namic stresses and deformations during earthquake 
Hydrology and potential for leakage through relict 

channels 
Stability of relict channel slopes 
Thaw ·of permaf:cost in relict channel treatment 
Reservoir slides, size, effects and mitigating features 

Hydraulic Engineerinq Output 
w 

Freeboard Design Memo 
Memo and Sketches 

Support Services Output 

Contract Documents 
Engineers Estimate 

Environmental Science Output 

Environmental input to Specifications 

• 

• 
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Task Number: 17 

Task: Contract Document C-8 - Aggregates & Concrete Production 

SUB'+'ASK~ 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Establish concrete strength requirements 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate pertinent geotechnical data regarding 
the use of various borrow or quarry sources for aggregate 

.Design Memo 
Aggregate for Concrete 

Prepare Contract Document 
Collate and index geotechnical data 
Prepare data volume 
Prepare data location maps, 3 sheets 

Prepare construction control procedures 

Support Services Subtasks 

Note: 

Establish proiuction rates for aggregates and concrete 
production 
Revise conditions of contract to fit specific contract 
Make quantity take-off, develop detailed bases for cost 
estimating, prepare engineer's estimate 
Prepare drafts and final documents for issue 
Prepare addenda 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 



Task Number: 17 

Task: Contract Document C-8 - Aggregates & Concrete Production 

OUTPUT 

Management Output 

Contract Document E-8 

Contract Award 

Civil Engineering Output 

Memo on concrete strength requirements 

Geotechnical Engineering and Geology 0utput 

Design Memo 
Aggregates for Concrete, Filters and Drains 

Contract Documents 
Technical Specification on 
Aggregates 
Geotechnical Data Volume 
Contract Drawings 

Data location Plan Sheets 1-3 
Construction Control Memo ori 

Aggregates for Concrete, 
Filters and Drains 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Reco~mendation for Award 

• 



Task Number: 18 

Task: Contract Document C-9 
Main Spillway, Concrete 
Structures includina Outlet 

~ 

Works Discharge Valve House 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Prepare design memos 

Prepare technical specifications 

Par form structural analysis and design of all proj ec·t 
features 

Prepare contract/construction drawings 

Coordinate and review drawings from other disciplines 

Prepare quantity take-offs for the engineers estimate 

Review manufacturers' drawings and computations 

Electrical Engineering Subtasks 

Prepare drawings of embedded electrical work features 
Prepar~ technical epecification 
Prepare cost estimate 

Geotechnical Engineering and Geology Subtasks 

'Review, drainage, grouting and anchorage details prepared 
by others 

Review design memos, drawings and specifications 

Mechanical Engineering Subtasks 

Review and coordinate civil contract for associated 
mechanical equipment size/layou·t/arrangement 

.. 



Task Number: 18 
SUB TASKS 
Page 2 

Prepare mechanical system design studies and memos for 
Outlet Facilities Valve House 

Confirm Discharge Valve size 

Prepare drawings for related mechanical equipment embedded 
items 

Hydraulic Engineering Subtasks 

Finish Hydraulic Design Memo on Spillway 
Extend Tailwater to PMF Flow 
Pinal Water and Pressure Profile 
Cavitation Number Profile to Determine Aeration 

Requirements 
Design Air Ramps 
Prepare Model Program 
Monitor Model Program 
Co-ordinate Revision to Design Based on Model Results 
Review Model Reports 

Support Services Subtasks 

Note: 

Revise conditions of contract to fit specific contract 

Make quantity take-off, develop detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare detailed construction schedule 

Prepare drafts and final documents far issue, prepare 
agenda 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 



Task Number: 18 

Task: Contract Document C-9 
Main Spillway, Concrete 
Structures including Outlet 
Works Discharge Valve House 

Management Output 
OUTPUT 

Contract Document E-9 

Contract Award 

Civil Engineering Output 

Design Memo 

Spillway Structural Design 

(Including Architectural portion of the Spillway Control Structure) 

Technical Specifications 
Structural Steel 
Metalwork 
Architectural 

Civil/Structural computations 

Contract/Construction drawings 

Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Hydrological Information 
Standard Details Sheets 1-5 
Main Spillway (Plan & Profile) 
Approach Wall & Apron - Concrete & Reinforcement 
Spillway Ogee - Concrete & Reinforcement Sheets l-7 
Spillway Chute - Concrete & Reinforcement Sheets l-15 
Flip Bucket - Concrete & Reinforcement Sheets l-5 
Aeration Details Sheete 1 and 2 
Spillway Hoist Housing Sheets 1 and 2 
Architectural Enclosure Plan, Elevations & Data 

Quantity take-orf of civil and architectural items 

Review of manufacturers' drawings and computations 

• 



Task Number: 18 
OUTPUT 
Page 2 

Electrical Engineering Output 

Drawings 
Conduit and Groundings - Shee·l:.s 1 and 2 
Text sections on conduit, grounding and miscellaneous work 
Specification 
Cost estimate 

Mechanical Engineering Output 

Preliminary Outlet Facilities Valve House Design Memo 
One Contract/Construction Drawing for Embedded mecha.nical 

equipment Components related to Valve House 
One General piping section of specifications for related 

embedded items 

Hydra.ulic Engineering Output 

Hydraulic Design Memo on Spillway 
Memos 
Model Program 
Model Report 
Hydraulic Geom~try, Hydraulic Loads 

Support Services Output 

contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 

• 



-

-

Task Number: 19 

Task: Contract Document C-10 - Completion Contract 
(1) Second-stage concrete, all structures 
(2) Supply and installation of Lighting, Heating, 

Ventilating and General Electrical Systems, 
including Switchyard and Emergency Diesel 
Generators 

(3) Supply and installation of Piping and General 
Mechanical Systems and Gate Operator and Hoist 
Structures 

(4) Supply and installation o£ Architectural Items 
(.5) Installation and testing of all Owner supplied 

Equipment 
(6) Constructing Civil Works in Switchyard 
(7) Painting and Other Surface Treatments 
(8) Landscaping, Fencing, Project Cleanup 
(9) Control Building 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Ini·tiate work 

Civil Engineering Subtasks 

Prepare design memos 
Prepare technical specifications 
Perform structural analysis and design of all project 
features 
Prepar~ contract/construction drawings 
coordinate and review drawings from other disciplines 
Prepare quantity take-offs for the engineer's estimate 
Review manufactu:r:·ers' drawings and computations 
Prepare supplementary construction drawings for 
installation of owner fu:t·ni~3hed equipment in computer 
Contracts C-1, C-5, C-6; and C-10 
Input to O&M manuals 
Provide office assistance to field 

Electrical Engineering Subtasks 

Prepare General Electrical Design 
Prepare Design Memoranda 

• .. 



Task Number: 19 
SUB TASKS 
Page 2 

Review design memoranda of other disciplines 
Prepare Technical Specifications and Bid Forms 
Prepare Electrical Drawings 
Review Specifications of other disciplines 
Review Drawings of other disciplines 
Prepare cost estimate 
Assist in bidding and Bid Evaluation 
Revi~w Shop drawings 
Provide Office Assistance to Field 
Provide Scheduling Assistance 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate geotechnical data pertinent to 
switchyard foundation design 
Select geotechnical design parameters 
Establish foundation design 
Prepare Design Memo 

Switchyard Foundation Design 
Prepare Contract Document 

collate and index geotechnical data 
prepare data volume 
prepare data location map 
review drawings and specs 

Mechanical Engineering Subtasks 

C-10 (1) 

Review an~ coordinate civil contract for associated 
mechanical equipment size/layout/arrangement 
R~view 2nd stage concrete civil drawings for turbine 

embedded components 
Review 2nd stage concrete civil drawings for gate embedded 

components 
Review 2nd stage concrete civil drawings for ~1iscellaneous 
Mech~nical embedded items 

C-10 ( 2) . 
Prepare HVAC contract/construction drawings for all project 
features 

Prepare HVAC supply and installation specification for all 
project features 

Prepare Diesel-Electric generator, contract/construction 
specifications 

• .. 

.. 
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Task Number: 19 
SUB TASKS 
Page 3 

Px·epare Diesel - Electric generator supply and installation 
specifications 

Assist in bid evaluation 
Review of manufacture prints/Prepare O&M Manual 
Inspection and testing:Reports and trips 

C-10 ( 3) 

Prepare piping, general mechanical system, gate operator 
and gate hoist structures, contract/constru~tion drawings 
for all project features 

Prepare piping, general mechanical system, gate operator 
and gate hoist structures, supply and installation 
specification for all project features 

Assist in bid evaluation 
Review manufactures' prints/Prepare O&M Manual 
Inspection and testing: Reports and trips 

C-10 (4) 

Review and coordinate architectural features as related to 
mechanical equipment 

Review architectural supply and installation specs 

C~lO ( 5) 

Review and coordinate civil features as r~lated to 
mechanical equipment 
Prepare installation specifications for o~1er furnished 
mechanical equipment prepared under "E" contracts 

Review other disciplines installation specification for 
owner furnished equipment as related to mechanical items 

Supervision of testing of owner furnished installed 
mechanical equipment 

c 10 ( 7) 

Prepare paint specifications for mechanical equipment 
Review manufacturer shop paint schedules 

C-10 ( 9) 

Evaluate and establish control building requirement as 
related to mechanical equipment (includes preliminary 
equipment sizing) 

• 



Task Number: 19 
SUB TASKS 
Page 4 

Coordinate with other disciPlines control building layout 
and arrangement as related to mechanical equipment 
Prepare design memo outlining control building's mechanical 
systems and the basis of their design 
Perform design studies to establish type and size of 
mechanical systems 

Prepare mechanical equipment specifications and 
contract/construction drawings 

Assist in bid evaluation 
Review manufacture prints/Prepare O&M Manual 
Inspection and testing: Trips and Reports 

Support Services Subtasks 

Note: 

Revise conditions of contract to fit specific contract 
Make quantity take-off, develop detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare detailed construction schedule 
Prepare drafts and final documents for ir-~ue 
Prepare addenda 

r-1an.agement and Support Serv ic"'..S Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

.. .. 



\~ Task Number: 19 

Task: Contract Document C-10 Completion Contract 

OUTPUT 

Management Output 

Contract Document C-10 

Contract Award 

Civil Engineering Output 

Desi<;:fn Memo 
Second Stage Concrete 
Switchyard Structures 

Technical Specifications 
Metalwork 
Architectural 

Civil/Structural computations 
Quantity take-off of civil and architectural items 
Review of manufacturers' drawings and computations 
Civil/Structural Contract/Construction Drawings 

Index 
Project Location Map 
Vicinity Plan 
General Project Layout 
Climatological Data 
Standard Details, Sheets 1-5 
Second Stage Concrete - Concrete, Sheets 1-5 
Second Stage Concrete - Reinforcement, Sheets 1-5 
Switchyard - Concrete & Reinforcement, Sheets 1-4 
Control Building - Concrete & Reinforcement, 
Sheets 1-7 
Emergency Spillway Bridge -Concrete & Reinforcement, 
Sheets 1-4 
Supplementary Drawings 
Diversion Tunnels (4 estimated) 
Outlet Facilities (5 estimated) 
Powerhouse (15 estimated) 
Switchyard (4 estimated) 

Architectural Output 

Architictural Treatment Memo 



Task Number: 19 
OUTPUT 
Page 2 

Arthitectural Contract Construction Drawings 
Control Building - Elevations 
Control Building - Floor 
Control Building - Ceiling 
Control Building - Sections & Elevations 
Control Building - Sections & Details 
Control Building - Sections & Details 
Control Building - Framing Plan 
Elevator & Stairs - Sheets 1 and 2 
Emergency Diesel Generator 

Electrical Engineering Output 

Design memos 
Lighting Design Memo 
Cable Tray Design Hemo 
Grounding Design Memo 
Site Distribution Design Memo 
Plant Communication System Design Memo 
Computations 
Specification text section 
General Electrical Work includes finishing and installing 

and ~esting conduit, grounding, insulated wire and cable, 
lighting, cable tray, etc. communication equipment; 
distribution equipment; miscellaneous equipment 

Installation of Owner Furnished Equipment includes the 
installation and field testing of the equipment specified 
in the following contracts: 

Gei)erator, E-2; 
'I'ransformer, E-8; 
Control Switchboard Equipment, E-9; 
High-Voltage Switchgear, E-10; 
Generator Voltage Switchgear, E-ll; 
Station Service Switchgear, E-12; 
Powerhouse Computer Control Equipment ~pecified in 

E-13; 
Switchyard Structures and Buses, E-37 

Drawings 
9 I-L Diagrams 
6 Load Tabulation and Panel Schedules 
5 Abbreviations, Symbols and Designations 

76 Physical Drawings (conduit, arrangement details) 
10 Grounding Drawing 
47 Lighting Drawing 
33 Schematic Diagram 

148 Interconnection Diagram 
92 Conduit and Cable Schedules 

5 Communication Drawings 

431 

. .. 

.. .. 



Task Number: 19 
OUTPUT 
Page 3 

Cost estimates 
Computations 
Reviewed shop drawings 

Geotechnical Engineering and Geology Oui:put 

Design Memo 
Switchyard Foundations 

Contract Documents Technical Specifications 
Open Excavation 

Drawings 
Data Location Map 

Geotechnical Data Volume 

Mechanical Engineering Output 

C-10 (1) 

Intra office review and coordination 

C-10 ( 2) 

35 contract/construction drawings 
List of Drawings - HVAC/D-E Generator 
$yrnbols & Abbreviations 
Standard Details 
HVAC Diagrarnrnatical Sheets 1 and 2 - Powerhouse 
HVAC Diagrammatical Sheet 1 of 1 - Trans£. Vault & Cable 

Ways 
HVAC Diagramrnat.:i.cal Sheet 1 of 1 - Surge Chamb. /Tunnels & 
Shafts 

HVAC El 1406 Sheets 1 and 2 - Powerhouse 
HVAC E1 1422 Sheet 1 of 1 - Powerhouse 
HVAC E1 1433 Sheets 1 and 2 - Powerhouse 
HVAC El 1444 Sheets 1-3 - Powerhouse 
HVAC E1 1463 Sheets 1-3 - Powerhouse 
HVAC Access Shaft Sheets 1 and 2 
HVAC Surge Chamber Sheet 1 of 1 
HVAC Tunnels Sheet 1 of 1 
HVAC Transformer Vault Sheets l and 2 
HVAC Bus Gallery Sheets 1 and 2 
HVAC Cable Way Shaft Plan 
HVAC Cable Way Shaft Elevation 
HVAC Cable Way Shaft Sections 
HVAC Cable Way Sh,aft Details 

• • 

.. • 



Task Number: 19 
OUTPUT 
Page 4 

HVAC Outlet Facilities 
HVAC HVAC Equipment. for Miscellaneous Structures Sheets 1 

and 2 
Diesel-Electric Generator Sheets 1 and 2 
Diesel-Electric Generator Piping Schedule/Fuel Storage 
System/Details 

Prepare 5 general SE~ctions of specifications as follows: 
General 
HVAC Equipment 
Diesel-Electric Equipment 
Installation 
Testing 

Bid analysis recommendation 
Review Manufacture drawings 
Inspection and Testing:Repor·ts and Trips 
Prepare 51 Mechanical Piping contract/construction drawings 

Drawing List - Me!chanica:~ Piping 
Symbols & Abbreviat3ons (Piping) 
Standard Details 
Unwatering & Sta. Dralinage Diagrarmnatical PH 
PH Drainage Diagrammatical PH 
Raw & Cool Wat.er Supply Diagrammatical PH 
Raw Water Dist~ Diagrammatical PH 
Lub & Governor Oil System Diagrammatrical PH 
Compressed Air Systems Diagranunatical PH 
Treated Water Dist. Diagrammatical PH 
Sanit.ary Drainage Syst.em Diagrammatical PH 
Pumps & Control Diagrammatical PH 
Fire Protection Diagr,:umnatical 
Water Dist./Drainage/Oil Sump/Storage/Handling 
Diagrarnmatical '11ransf 1• Vault 
Piping Diagrammatical Outlet F'acilities 
Deicing & Misc. Systems for Remaining Misc. 
Structures Diagrammatical Sheets 1 and 2 
Piping (Schedule) Valves 
Piping (Schedule) Piping 
Piping Plan El 1406 ShE~et 1 of 4 Gallery & Unit 1 
Piping Plan El 1406 Sheet 2 of 4 Unit 2 & 3 
Piping Plan El 1406 Sheet 3 of 4 Unit 4 & 5 
Piping Plan El 1406 Sheet 4 of 4 Unit 6 & Gallery 
Piping Plan El 1422 Sheets 1 and 2 
Piping Plan El 1444 Sheet 1 of 4 Access Shaft & PH 
Personnel Area 
Piping Plan El 1444 Sheet 2 of 4 Unit 1 & 2 

. • • .;.-; • : ; • . . . .• . " • • ' . . • . • •· •• • • • 0 • • • • - ~ ..• . ~ ' . . 
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Task Number: 19 
OUTPUT 
Page 5 

C-10 .3) ~ , 

Piping Plan El 1444 Sheet 3 of 4 Unit 3 & 4 
Piping Plan El 1444 Sheet 4 of 4 Unit 5 & 6 
Piping Plan El 1463 Sheets 1-3 
Piping Plan El 1463 1 of 1 Section 
Piping PH Oil Storage Sheet 1 of 2 Enlarged Plan 
Piping PH Oil Storage Sheet 2 of 2 Enlarged Section 
Piping Fire Protection for Oil Room Enlarge 
Plan/Section 
Piping - Plumbing Sheets 1 and 2 Details 
Piping - Supports Sheets 1-3 Details 
Piping Sections/Details Sheets 1 and 2 
Piping Transformer Vault Sheets 1-3 
Piping Transformer Vault Section General Sheets 1 
and 2 
Piping Outlet Facilit.ies Sheets 1 and 2 
Pi.:?ing & Mechanical Equipment Systems for Remaining 
Miscellaneous Structures Sheets 1-4 

Prepare 15 general sections of specifications for 
mechanical equipment and systems 

Mechanical Equipment Specification List 
General 
Piping 
Valves 
Plumbing 
Sewage Treatment System 
Treated Water System 
Fire Protection Systems 
Machine Shop Equipment 
Compressed Air Systems 
Elevators 
Pumps and Controls 
Gate operating Equipment. 
Gate Hoist Structures 
Installation of Equipment 
Testing of Equipment 

Bid analysis recommendation 
Review of manufacturers' prints 
Inspection and testing: Reports and trips 

• • • • • • • "" • ,. • ...Q .. • 
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Task Number: 19 
OUTPUT 
Page 6 

C-10 (4) 

Intra office review/c ordination 

.£::10 (5) 

Prepare 4 general sections of Installation and Testing 
Specifications of Owner Furnished Equipment as follows: 

General 
Details 
Installation 
Testing 

Field Test Reports/Field Inspection Reports 

C-10 _li>~ 

Prepare Design Memo and 14 cont:t.act-construction drawings 
Specifications for Control Building 
Design Memo - Mechanical Features for the Control Building 
features 

HVAC (general) 
HVAC (special) 
Piping 
Plumbing 
Maintenance facilities 

Specialties as related to Building necessities 
List of Drawings - Mechanical Features for Control Building 

Abbreviation/Symbols and Piping Schedule 
Piping systems - Isometric 
Piping - Plan sheets 1 and 2 
Piping - Sections 
Piping - Details 
Piping - Plumbing & Drainage Details Sheets 1 and 2 
HVAC - Abbreviation and symbols 
HVAC - Plan Sheets 1 and 2 
HVAC - Sections & Details Sheets 1 and 2 
Miscellaneous Mechanical Equipment System Details 

General Sections of Specifications as follows: 
General/Piping/Plumbing/HVAC (general)/HVAC 

(special)/Misc. Mech. Systems/Installation/Testing 

Support Services Output 

Contract Documents 
Engineers Estimate 
Letter of Recommendation of Award 
Report of Status of Contractor Equipment Drawing Submittal 

.. 
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\~ Task Number: 20 

Task: Contract Document c-11 Willow Control Center & 
Microwave Site Facilities 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate wo1:k 

Civil Engineering Subtasks 

Prepare design memo 

Prepare technical specifications 

Perform structural analysis and de!?ign of the Energy 
Management Building and Microwave Tower foundations 

Prepare contract/construction drawings 

Coordinate and review drawings from other disciplines 

Prepare quantity takeoffs for the engineers estimate 

Review manufacturers' drawings and computations 

Provide office assistance to the field 

Electrical Engineering Subtasks 

Prepare functional design memos. 

Review Building Layout and Arrangement 

Prepare electric~al design 

Prepare technical specifications 

Prepare drawings 

Coordinate and review drawings from other disciplines 

Review manufacturers' drawings and computations 

.. 



Task Number: 20 
SUB TASKS 
Page 2 

Provide office assistance to the field 

Provide coordination and as$i~tance in commissioning 

Geotechnical Engineering and Geology Subtasks 

Study and evaluate pertinent geotechnical data 

Select geotechnical design parameters 

Establish foundation designs 

Mechanical Engineering Subtasks 

Review Bldg. layout and arrangement 

Perform Preliminary studies to establish Bldg. requirements 
as related to mechanical systems 

Perform preliminary studies for Bldg. mechanical system 
size/layout/arrangements 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise conditions of contract ·to fit specific contract 

Make Quantity take-off develop detailed bases for cost 
estimating, prepare engineer's estimate 

Prepare drafts and final documents for issue, prepare 
addenda. 

Assist with bidding and award 

Construction PhasL Services 

Expedite submittals of Contractor's drawings, catalog cuts, 
instructions 

Expddite design department's review and approval of 
Contractor's submittal 



' ~-w· Task Number: 20 
SUB TASKS 
Page 3 

Note:: 

Prepare regular status report of all equipment Contractors 
drawing submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Servicese 

• .. 



Task Number: 20 

Task: Contract Document C-11 Willow Control Center & Microwave 
Bldg. 

OUTPUT 

Civil Engineering Output 

Microwave Building Structural and Architectural Design 
Control Center and Design Memo 
Technical Specifications 

Architectural 
Metalwork 

Civil/Structural computations 
Contract/construction drawings - Civil/Structural Drawings 
Civil/Structural Drawings 

Plan & Sections Sheets 1 and 2 
Foundations 

Quantity takeoff of civil and architectural items. 
Review of manufacturers' drawings and computations 

Architectural 
Elevations 
Roof Plan & Details 
Floor Plan 
Reflected Ceiling ~ Plan & Details 
Sections & Interior Elevations 
Sections & Details Sheets 1 and 2 
Emergency Diesel/Generator House 
Door & Finish S0.hedule 
Roof Framing Plan and Details 

Mechanical Engineer·ing Output 
Intra-office review and coordination 
Preliminary Design ~'iemo as related to Building 
Mechanical Systems 

• 

.. 



~ Task Number: 20 
OUTPUT 
Page 2 

Electrical Engineering Output 

Design memo sections and design drawings 

Specification sections 
General Electrical Work inclndes furnishing, 
installing, and testing; building service and 
distribution equipment; conduit, grounding~ lighting; 
insulated wire and conductors, and miscellaneous 
equipment 

Installation of Owner-Furnished Equipment includes 
installing and testing: building communication 
equipment: Energy Management System computer control 
equipment and accessories specified in Contract E-13: 
all microwave and related equipment specified in 
Contract E-3; all Willow support equipment specified in 
Contract E-4. 

Review Shop Drawings 
Contract/Construction Drawings 

1 - I-L Diagram 
1 - Panel Tabulations 
1 Symbols and Designations 
2 - Lighting 
2 - Conduit and Cable Schedules 
1 - Grounding 
5 - Physical drawings (Arrangement) 
5 - Schematic diagrams and Details 
5 - Interconnection diagrams 

Cost Estimates 
Computations 

Mechanical Engineering Output 

Intra-office review/coordination 

Support Services Output 

Contract Doct1ments 
Engineer's Jstimate 
Letter of Recommendation for Award 
Report of Status of Contractors Submittals 





~ Task Number: 21 

Task: Contract Document E-1 Turbines & Governors 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtusks 

Provide the powerhouse contract/construction 11 base 11 

drawings, prepared under Task No. 15, to show the Turbine 
& Governor equipment locations 

Coordinate, assist and review all interface wo:-k between 
civil and mechanical disciplines 

Electrical Ensineering Subtasks 

Review Turbine/Governor Design Memo 
Review Turbine/Governor Specs fo~ elec. features 
Assist in Bidding and Bid Evaluation (see below) 

Mechanical Engineering Subtasks 

Prepare Turbine Selection Studies 
Prepare Turbine Design Memo 
Prepare separate supply specifications for turbines and 

governors 

Prepare & coordinate contract/ construction dra':. ~.ngs with 
civil drawings prepared under Task No. 15 

Assist in Bid Evaluation 
Review of Manufacture Prints 
Inspection & Testing: Reports and Trips 

Support Service Subtasks 

Contract Preparation Phase Services 

Develop Standard Conditions of Bidding Equipment 
Contracts for Susitna 

Prepare contract documents fr~m design department's drafts: 
review copies, final preparation 

Review and process engineers estimate 

• 



Task Number: 21 
SUB TASKS 
Page 2 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of Bids, Edit 
Technical Evaluation of Bids by Design DeparLments, 
Commercial Evaluation, Prepare Letter of Recommendation for 
Award, Contract/Purchase Order Negotiation. 

Construction Phase Services 

Expedite submittals of manufacturers' drawings, catalog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers' submittals 

Prepare regular status report of all equipment contract 
submittals 

1:-Jote: Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• " 
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Task Number: 21 

Task: Contract Document E-1 Turbines & Governors 

OUTPUT 

Management Output 

Contract Document E-1 

Contract Award 

Civil Engineering Output 

Powerhouse outline "base" drawings from Task No. 15 

Review comments 

Electrical Engineering Output 

Reviewed design memo and specification 
Reviewed shop drawings 
Shop inspection reports, Governor 

Mechanical Engineering Output 

Prepare Turbine Design Memo & separate supp£y specification 
for Turbine & Governor 

Prepare Turbine Bid RecOITh"llenda ·tion 
Assist During Negotiations for Bid Award 
Review Mfr. Prints 
Conduct Shop Inspection/Testing: Prepare associated 

Reports 

Support Services Output 

Contract Documents 
Engineers Estimate 
Letter for Recommendation of Award 
Report of Status of Equipment Contract Submittals 

• Ill 

• • 





Task Number: 22 

Task: Contract Document E-2 Generator & Excitation Equipment 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and scliedule or task and subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide powerhouse contract/construction "base" drawings, 
prepared under Task No. 15, to show Generator & 
Excitation Equipment 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Assist in unit selection 
Prepare design memorandum 
Prepare specifications and bid form 
Prepare cost estimate 
Assist in bidding 
Prepare bid evaluation 
Assist in Contract award 
Review shop drawings 
Review inspection reports 
Conduct shop inspection 

Mechanical Engineering Subtasks 

Coordinate with other disciplines as related to turbine 
equipment interfacing with generator supply and civil work 

Support Services Subtasks 

Contract Preparation Phase Services 

Contract Award conditions to fit specific contract. 

Prepare contract documents from design deparbnent's drafts: 
review copies, final reproduction 

• 

.. 



Task Number: 22 
SUB TASKS 
Page 2 

Note: 

Review and process engineer's estimate 

Coordinate equipment contract and delivery schedule with 
project construction schedule 

Assist wi·th bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order 
Negotiationo 

Construction Phase Services 

Expedite submittals of manufacturers' drawings, catalog 
cutsp instructions 

Expedite design department's review and approval of 
manufacturers' submittals 

Prepare regular status report of all equipment contract 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Serviceso 

.. 



Task Number: 22 

Task: Contract Document E-2 Generators and Excitation Equipment 

OUTPUT 

Civil Engineering Output 

Powerhouse outline "base" drawings from Task No. 15 Review comments 

Electrical Engineering Output 

Design Memorandum (Generator) 
.Specification and Bid Form 
Cost Estimate Assistance 
Bid Evaluation 
Review Shop Drawing 
Review Insp. Reports 
Participation in Shop Inspection Reports 

Mechanical Engineering Output 

Intra-office review/coordinate 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 

Input to Report of Status of Equipment Contract Submittals 

• 

.. 





Task Number: 23 

Task: Contract Document E-3 - Microwave System & Towers 

SUBTASKS 

Managament Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Review manufacturer's drawings and computations £or towers 

Electrical Engineering Subtasks 

Design memos and preliminary design, evaluating alternative 
communications 

Equipment specifications 
Cost estimate Assistance 
Assistance in bidding 
Bid evaluation and recommendation 
Manufacturer's drawing review 
Shop inspection and meetings 
Preparation of drawings 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare con·tract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order 
Negotiation. 

Coordinate equipment contract fabrication and delivery 
dates with project construction schedule 

• 

, 
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Task Number: 23 
SUB TASKS 
Page 2 

Note: 

Construction Phase Services 

Expedite submittals of manufacturers 1 drawings, catalog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers' submittals 

Prepare regular status report of all equipment contract 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• • 

• 



~ Task Number: 23 

Task: Contract Document E-3 - Microwave System & Towers 

OUTPUT 

Management Output 

Contract Document E-3 

Award & Contract 

Electrical Engineering Output 

Design Memorandum 
Contract document technical specifications section 
Drawings: 

10 - physical 
17 -path profile 

5 - schematic 
5 - interface 

Bid Evaluation 
O&M manual 
Inspection reports 
Reviewed shop drawings 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter Of Recommendation For Award 
Input to Report of Status of Equipment Co1.1tract Submittals 

• • 



'~, 

Task Number: 24 

Task: Contract Doclli~ent E-4 - Willow Support Equipment 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Coordinate, assist and review all interface work between 
civil electrical and mechanical disciplines 

Electrical Engineering Subtasks 

Prepare design memorandum 
Prepare technical specifications 
Prepare drawings 
Cost estimate assistance 
Provide assistance in bidding 
Provide Bid Evaluation and Recommendation 
Provide shop inspection 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist wit.h bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluatio~ of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order 
Negotiation. 

.. • 



Task Number: 24 
SUB TASKS 
Page 2 

Note: 

Construction Phase Services 

Expedite submittals of manufacturers' drawings, c~talog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers' submittals 

Prepare regular status report of all equipment contract 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 



Task Number: 24 

Task: Contract Document E-4 - Willow Support Equipment 

OUTPUT 

Management Output 

Contract Document E-4 

Contract Award 

Civil Engineer~ng Output 

Review comments and prepare layout drawing for building 

El~ctrical Engineering Output 

Design Memorandum 
Contract document technical specification section 
Drawings: 

3 - physical 
3 ·- schema tic 
3 - interface 

Bid Eva.l ua'cion Input 
Inspection reports 
Reviewed shop drawings 

Mechanical Engineering Output 

Prepare Design Memo/16 contract-construction 
drawings/specifications 

Design lvlemo - Mechanical Features for Willow Control 
Buildir·.~ HVAC (general)/ HVAC (special)/ Piping/ Plumbing 
maintendnce facilities/ specialties as related to 
Building necessities 

Drawing List - Mechanical Features for Willow Control 
Building 

Abbreviations/symbols and piping schedule 
Piping systems - Isometric 
Piping - Plan Sheets 1 and 2 
Pipin? - Section 
Piping - Details 
Piping Plumbing & Drainage Details Sheets 1 and 2 
HVAC - Abbreviations and symbols 

• • 

.. 



Task Number: 24 
OUTPUT 
Page 2 

HVAC - Plan SheetG 1 and 2 
HVA: - Sections & Details Sheets 1 and 2 
Diesel - Electric Generator Plan 
Diesel - Electric Generator Section & Details 
Miscellaneous Mechanical Equipment System Details 

List of General Sections of Specification - Mechanical 
Features for Willow Control Building: 
General/ Piping/ Plumbing/ HVAC (general)/ HVAC 
(special)/ Miscellaneous Mechanical Systems/ Diesel
Electric Generator/ Installation/ Testing 

Assist in bid analysis recommendation 
Review manufacturers' prints 
Inspection & Testing: Reports and Trips 

Support Services Output 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequ~lification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recomm~ndation for Award, Contract/Purchase Order 
Negotiation .. 

construction Phase Services 

Expedite submittals of manufacturers' drawings, catalog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers, submittals 

Prepare regular status report of all equipment contract 
submittals 



Task Number: 25 

Task: Contract Document E-5 Trashracks, Gates & Hoists -
Including Structures 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and ~chedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Coordinate, assist and review all int.erface work between 
civil and mechanical disciplines 

Electrical Engineering Subtasks 

Review mechanical design·memo 
Review specifications 
Assist in bid evaluation 
Review elec. shop drawings and inspection reports 

Mechanical Engineering Subtasks 

Prepare Design studies and design memo for related 
mechanical equipment 

Prepare separate supply specifications for trashracks, gate 
& hoists 

Prepare & coordinate contract/construction drawing with 
civil drawings 

Assist in Bid Evaluation 
Review of Manufacture Prints 
Inspection & Testing: Reports and Trips 

Support Services Subtasks 

Contrac~ Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

• 

J 
4 
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Task Number: 25 
SUB TASKS 
Page 2 

Note:: 

Assist with bidding and award: Prequalification, Docuwent 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Let·t.er of 
Recommendation for Award, Contract/Purchase Order 
Negotiation. 

Construction Phase Services 

Expedi·t.e submittals of manufacturers• drawings, catalog 
cuts, instructions 

Expedite design department•s review and approval of 
manufacturerse submittals 

Prepare regular status report of all equipment contract 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

0 " 



Task Number: 25 

Task: Contract Document E-5 Trashracks, Gates & Hoists -
Including Structures 

OUTPUT 

Management Output 

Contract Docurnen·t E-5 

Contract Award 

Civil Engineering Output 

Review comments 

Electrical Engineering Output 

Reviewed design memo and specificatiqn 
Reviewed elec. shop drawings 
Reviewed elec. inspection reports 

Mechanical Engineering Output 

Prepare Design Memos/ 17 Contract-Construction 
drawings/specifications 

Design Memos - Mechanical Features 
- Diversion Gate & Equipment 
- Spillway Gate & Equipment 
- Outlet Intake Gate & Equipment 
- Power Intake Gates & Equipment 
- Draft Tube Gates & Ta.ilrace Bulkhead Equipment 

Drawing List - Mechnical Features 
Diversion Closure Gate & Hoist Sheet 1 of 2 
Diversion Closure Gate & Hoist Sheet 2 of 2 
Spillway Gate & Hoist Sheet 1 of 2 
Spillway Gate & Hoist Sheet 2 of 2 
Spillway Stoplogs 
Outlet Intake Gate & Hoist Sheet 1 of 2 
Outlet Intake Gate & Hoist Sheet 2 of 2 
Outlet Intake Bulkhead 
Outlet Intake Trashracks 
Power Intake Gates & Hoist Sheet 1 of 2 
Power Intake Gates & Hoist Sheet 2 of 2 
Power Intake Bulkhead 
Power Intake Shutter Gate 

. " 

.. • 



Task Number: 25 
OUTPUT 
Page 2 

Power Intake Trashracks 
Power Intake Ice Boom 
Draft Tube Gate 
Tailrace Bulkhead 

General sections of specification - Mechanical Features 
General/ Details/ Design Standards/ Diversion Gate & 
Equipmen·t/ Spillway Gate & Equipment/ Outlet Intake Gate 
& Equipment/ Power Intake Gate & Equipment/ Draft Tube 
Gate & Tailrace Bulkhead 

P.repare Bid Analysis Recommendation 
Review Manufacturers' Prints 
Inspect & Test: reports and trips 
Prepare O&M manual 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 
Report of Status of Equipment Contract Submittals 

.. 



Task Number: 26 

Task: Contract Document E-6 - Cranes and Hoists 

SUBTASKS 

Management Subtasks 

Issue and control manp~er budgets and schedule ~ task and subtaskG 

Initiate work 

Civil Engineering Subtasks 

Electrical Engin~ering Subtasks 

Provide powerhouse contract/construction "base" drawings 
prepared under Task No. 15, to show Crane & Hoist 
Equipment. Coordinate, assist and review all interface 
work between civil and mechanical disciplines 

Mechanical Engineering Subtasks 

Review mechanical design memo 
Review specifications 
Assist in bid evaluation 
Review elec. shop drawings and inspection reports 

Support Services Subtasks 

Prepare Design Studies 
Prepare Design Memos 

Prepare separate supply specifications for Cranes & Hoists 
Prepare and coordinate contract/construction drawings with civil drawings 
Assist in Bid Evaluation 
Review Manufacture Prints 
Inspection and Testing: Reports and Trips 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract docu~ents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 



Task Number: 26 
SUB TASKS 
Page 2 

Note: 

Assist with bidding and award: Prequalification, Document 
Issue and FoJ~ow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order 
Negotiat.i .. on. 

Construction Phase Services 

Expedite s;lubmittals of manufacturers' drawings, catalog 
cuts, instructions 

Expedite d~'!sign department • s review and approval o:J: 
manufacturE:~rs' submittals 

Prepare regular status report of all equipment contract 
submittal$ 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

. .. 

.. 



Task Number: 26 

Task: Contract Document E-6 - Cranes & Hoists 

OUTPUT 

Management Output 

Contract Document E-6 

Contract Award 

Civil Engineering Output 

POYTerhouse. outline "base" drawings from Task No. 15 Review Comments 

Electrical Engineering Output 

Mechanical Engineering Output 

Reviewed design memo and specification 
Reviewed elec. shop drawings 

Reviewed elec. inspection reports and 0/M manuals 

Prepare Design Memo/5 Contract-Construc·ti0n 
drawings/specifications (see Memo/Drawing/Specification List) 

Design Memos - Mechanical Features 
- Valve House Crane & Hoist Equipment 

Power Intake Crane 
- Surge Chamber Bridge Crane 
- Powerhouse Crane 

Drawing List - Mechanical Features 
- Valve House Service Crane 
- Valve House Monorail Hoist & Trolley 
- Power Intake Crane 
- Surge Chamber Bridge Crane 
- Powerhouse Crane 

General Sections of Specifications - Mechanical Features General 
Details 
Design Standards 
Valve House Monorail Hoist 
Valve House Service Cr~ne 



Task Number: 26 
OUTPUT --Page 2 

Power Intake Crane.~ 
Surge Chamber Bridge Crane 
Powerhouse Crane 

Prepare Bid Analysis Recommendation 
Review Manufacturers' Prints 
Inspection & Test: Reports and Trips 
Prepare O&M manual 

Support Services Output 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer•s estL~ate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids'by Design Departments, 
Conunercial Evaluation of Bids, Prepar·e Letter of 
Recommendation for Award, Contract/Purchase Order Negotiation. 

Construction Phase Services . 

Expedite submittals of manufacturers' drawings, catalog cuts, instructions 

Expedite design department's review and approval of manufacturers• submittals 

Prepare regular status report of all equipment contract submittals 

.. 

.. 
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Task .Number: 27 

Task, Contract Document E-7 Outlet Works Valves Including High 
Pressure Slide Gates for Emergency Release 

SUBTASKS 

Management Subtasks 

Issue and control manpower budget~; and schedule for Task and subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide outlet works concrete outline drawings prepared under Task No& 14 

Coordinate, assist and review all interface work between 
civil and mechanical disciplines 

Electrical Engineering Subtasks 

Review mechanical design m~ao 
Review specifications 

·Assist in bid evaluation 

Review elec. shop drawings and inspection reports 

Mechanical Engineering Subtasks 

Prepare separate supply specifications for outlet 
facilities valves & associated guard gate 

Prepare separate supply specification for Emergency Release Gates 

Prepare & coordinate contract/construction drawing with civil drawings 
Assist in Bid Evaluation 

Review of Manufacture Prints/Prepare O&M manual Inspection & Testing 
Prepare Design Studies 
Prepare Design Memo 

Support Services Subtask 

Contract Preparation Phase ~ervices 

Revise standard conditions to fit specific contract 

.. .. 

• 



Task Number~ 27 
SUB TASKS 

. Page 2 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order Neg·otia tion. 

Construction Phase Services 
-

Expedite submittals of manufacturers' drawings, catalog cuts, instructions 

Expedite design department's review and approval of 
manufacture~s· submittals 

Prepare regular status report of all equipment contract submittals 

Note: Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 2 Support Serviceso 

.. 
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Task Number: 27 

Task: Contract Document E-7 Outlet Works Valves Including High 
Pressure Slide Gates for Emergency Release 

Management Subtasks 

Contract Documents 
Contract Awa::-d 

Civil Engineering Output 

OUTPUT 

Outlet Works concrete outline drawings prepared under Task No. 14 

Review comments 

Electrical Engineering Output 

Mechanical Engineering Ou~ut 

Reviewed design memo and specification 
Reviewed elec. shop drawings 

Reviewed elec. inspection reports and 0~ manuals. 

Prepare Design Memo/4 Contract-Construction 
drawings/specifications (see Memo/Drawing/Specification List) 

Design Memos - Mechanical Features 
Emergency Release Ga·te Equipment 
Outlet Facilities Gates & Valves 
Drawing List - Mechnical 
Emergency Release Trashracks 
Emergency Release Gate & Hoist Sheet l of 2 
Emergency Release Gate & Hoist Sheet 2 of 2 
Ring follower Gate & Outlet Facilities Discharge Valve 

General Sections of Specifications - Mechanical Features General 
Details 
Design Standards 

High Pressure Emergency Gate & Equipment 
Low Pressure Emergency Gate & Equipment 



Task Number: 27 
OUTPUT 
Page 2 

Outlet Facilities Ring Follower Guard Gate & Equipment 
Outlet Facilities Free Discharge Valve & Equipment 

Prepare Bid Analysis Recommendation 
Review Manufacture Prints 
Inspection & Test: Reports and Trips 
Prepare O&M manual 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 
Report of Status of Equipment Contract Submit ... cals 

. .. 



Task Number: 28 

Ta"sk: Contract Document E-8 Trans formers 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide powerhouse contract/ construction "base" dral.\•ings, 
prepared under Task No. 15 to show Transformer Equipment 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Prepare design memorandum 
Prepare technical specification and bid form 
Prepare cost estimate 
Assist in bidding 
Prepare bid evaluation 
Assist in Contract award 
Review shop drawings 
Provide shop inspection 

Support Services Subtasks 

Contract Preparati~ Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract document~ from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estbnate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Orde>r Negotiation. 

. .. 



Note:: 

Task: Numbe.r: 28 
SUB TASKS 
:fiage 2 

Const~~ction Phase Services 
4 -- -

Expedite submittals of manufacturers' drawings, catalog cuts, inst.ructions 

Expedite design department's review and approval of manufacturers' submittals 

Prepare regular status report of all equipment contract submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 2 Support Services .. 

.. 



Task Number: 28 

Task: Contract Document E-8 Transformers 

OUTPUT 

Management Subtasks 

Issue and control manpower budgets and schedule or task and subtasks 

Initiate work 

Ci~il Engineering Output 

Powerhouse outline "base" drawings from Task No. 15 
Review comments 

Electrical Engineering Output 

Design memorandum Transformers 
Specification and Bid Form 
Cost. Estimate 
Bid Evaluation 
Reviewed Shop Drawing 
Inspection Reports 
0/M Manuals 

Support Services Output 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order Negotiation. 

• 

.. • 



Task Number: 28 
OUTPUT 
Page 2 

. Constructi0n Phase Services 

Expedite submittals of manufacturers• drawings, catalog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers' submittals 

Prepare regular status report of all equipment contract submittals 



Task Number: 29 

Task: Contract Document E-9, Control Switchboard Equipment 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and subtasks 

Initiate work 

Civil Engineering Subt~sks 

Provide powerhouse contract/construction "base" drawings, 
prepared under Task No. 15 to show Control Switchboard Equipment 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Design station controls and protection 
Prepare Design Memos 

Prepare technical specifications and bid form Prepare cost estimate 
Assist in Bidding 
Prepare Bid Evaluation 
Assist in Contract Award 
Review Shop Drawings 
Review Inspection Reports 
Conduct Shop inspection 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 

• • 
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Task Number: 29 
SUB TASKS 
Page 2 -

Note: 

Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recorrunenda tion for Award, Contract/Purchase Order 
Negotiation. 

Construction Phase Services 

Expedite submittals of manufacturers' drawings, catalog 
cuts, instructions 

Expedite design department's review and approval of 
manufacturers• submittals 

Prepare regular status report of all equipment contract submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 

.. 



Task Number: 29 

Task: Contract Document E-9, Control Switchboard Equipment 

OUTPUT 

Management Outpu·t. 

Contract Document E-9 

Contract Award 

Civil Engineering Output 

Powerhouse O\ltline "base" drawings fr.om Task No. 15 

Review comments 

Electrical Engineering Output 

Design Memo, Station Controls 
Design Memo, Protective Relaying 
Specification and Bid Form 
Cost Estimate 
Bid Evaluation 
Reviewed shop drawing 
Inspection reports 
0/M Manuals 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 
Report of Status of Equipment Contract Submittals 

• 

• 
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Task Number: 30 

Task: Contract Document E-10 Hv Switchgear 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide powerhouse contract/construction "base" drawings, 
prepared under Task No. 15 to show HV Switchgear Equipment 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Prepare technical specifications and bid forms ~repare cost estimate 
Assist in bidding 
Prepare bid evaluation 
Assist in contract award 
Review Shop Drawings 
Provide shop inspection 
Provide office assistance to field 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise standard· conditions to fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order Negotiation. 

. .. 



Task Number: 30 
SUB TASKS 
Page 2 

Note: 

Construction Phase Services 

Expedit,e submittals of manufacturers' drawings, catalog 
cuts, instructions 

Expedite design department•s review and approval of 
manufacturers 1 submittals 

Prepare regular status report of all equipment contract 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• 

.. 



Task Number: 30 

Ta·sk: Contract Document E-10 Hv Switchgear 

OUTPUTS 

Management Output 

Contract Document E-10 

Contract Award 

Civil Engineering Subtasks 

Powerhouse outline "base" drawings from Task No .. 15 

Review comments 

Electrical Engineering Output 

Specification and bid form 
Cost estimate 
Bid evaluation 
:E-.'eviewed shop drawings 
In~pection reports 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 
Report of Status of Equipment Contract Submittals 

. .. 

.. 



Task Number: 31 

Task: Contract Document E-ll Generator Voltage Switchgear 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and 
subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide powerhouse contract/construction "base" drawings, 
prepared under Task No. 15 to show Generator Voltage, 
Switchyard equipment 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Prepare specifications and bid forms 
Prepare cost estimate 
Assist in bidding 
Piepare Bid Evaluation 
Assist in Contract award 
Review Shop Drawings 
Perform shop inspection 
Provide office assistance to field 

Support Services Subtasks 

Construction Phase Services 

Revise standard conditions to fit specific contract 
Prepare contract documents from design department's drafts: 

review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification, Document 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation of Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order 
Uegotiation. 

• .. 



Task Number: 31 
SUB TASKS 
Page 2 

Note: 

Construction Phase Services 

Expedite submittals of manufacturers• drawings, catalog 
cuts, instructions 

Expedite design department•s review and approval of 
manufacturers• submittals 

Prepare regular status report. of all equipment contrac·t 
submittals 

Management and Support Services Subtasks budgets are 
included with Task Number 1 ~-1anagement and Task Number 
2 Support Services. 

• 

.. 



Task Number: 31 

Task: Contract Document E-ll Generator Voltage Switchgear 

OUTPUT 

Management Output 

Contract Document E-ll 

Contract Award 

Civil Engineering Output 

Powerhouse outline "base" drawings from Task No. 15. 

Review conunents 

Electrical Engineering Output 

Specification and Bid Form 
Cost Estimate 
Bid Evaluation 
Reviewed Shop Drawing 
Inspection Reports 

Support Services Output 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for Award 
Rep':)rt of Status of Equipment Contract Submittals 

.. • 



Task Number: 32 

Task: Contract Document ~-12, Station Service Switchgear 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule or task and subtasks 

Initiate work 

Civil Engineering Subtasks 

Provide powerhouse contract/construction "base" drawings, 
prepared under Task No. 15 to show Station Service 
Switchgear Equipment 

Coordinate, assist and review all interface work between 
civil and electrical discinlines 

.... 

Electrical Engineering Subtasks 

Prepare Design Memos 
Prepare speci£ications and bid form 
Prepare cost estimate 
A~sist in Bidding 
Pr~pare Bid Evaluation 
Assist in Contract Award 
R~view Shop Drawings 
Provide shop inspection 

Support Service Subtasks 

Contract Preparation Phase Services 

Revise standard conditions ~u fit specific contract 

Prepare contract documents from design department's drafts: 
review copies, final rep~oduction 

Review and process engineer~s est~nate 

Assist with bidding and award: Prequalification, Document: 
Issue and Follow-up, Receipt and Recording of bids, Edit 
Technical Evaluation of Bids by Design Departments, 
Commercial Evaluation o£ Bids, Prepare Letter of 
Recommendation for Award, Contract/Purchase Order Negotiation. 

• • 
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Task Number: 32 
SUB TASKS 
Page 2 

Note: 

Construction Phase Services 
c 

Expedite submittals of manufacturers' drawings, ca·talog 
cuts, instructions 

Expeoite design depar·tment • s review and approval of 
rn::~.nufac~nrers 1 submittals 

Prepare r~Jgulr.:tr status report of all equipment contract 
submittal:::: 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number·~ 
2 Support Services. 

• 

.. 



Task Number: 32 

Task: Contract Document E·-12, Station Service Switchgear 

OUTPUT 

Management Output 

Contract Document E-12 

Contract Award 

Civil Engineering Output 

Powerhouse outline 11 base" drawings from Task No. 15 

Review conunents 

Electrical Engineering Output 

Prepare Design Memo on Station Service System 
Prepare Design Memo on Diesel Generator 
Specification and Bid Fonn 
Cost Estimate 
Bid !!.valuation 
Reviewed shop drawing 
Inspection reports 

Support Services Output 

Contrac·t Documents 
Engineer's Estimate 
Letter of Reco~~endation for Award 
Report of Status of Equipment Contr~ct Submittals 

• 

.. • 



Task Number: 33 

Task: Contract Document E-13 
Computer Control for the Susitna Powerhouse and the 
Willow Control Center 

SUBTASKS 

Management Subtasks 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Initiate work 

~ivil Engineering Subtasks 

Provide powerhouse contract/construction 11base" drawings, 
prepared for Contract C-6 to show Computer Control 
Equipment location 

Coordinate, assist and review all interface work between 
civil and electrical disciplines 

Electrical Engineering Subtasks 

Prepare design memo and preliminary design 
Prepare technical specifications 
Provide assistance during Bidding 
Provide Bid review and recommendation 
Provide cost estimate 
Review manufacturer's drawings 
Provide shop inspection and attend meetings 
Prepare drawings 

Support Services Subtasks 

Contra~ PreEaration ~~ Equipment 

Revise standard conditions 

Prepare contract documents from design dept's drafts: 
review copies, final reproduction 

Review and process engineer's estimate 

• Ill 

.. 
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Task Number: 33 

Task: Contract Document E-13 
Computer Control for the Susitna Powerhouse and the 
Willow Control Center 

Management Output 

Contract Document E-13 
Contract Award 

Civil Engineering Output 

OUTPUT 

Powerhouse outline "base .. drawings from Contract C-6 

Review comments 

Electrical Engineering Output 

Susitna Plant Computer Control Design Memo 
Energy Management System Computer Control (Willow) Design 

Memo 

Technical specifications for Susitna and Willow Computer 
Systems and all Ac(.!essories 

Dra\vings 
20 - Interface drawings 
10 - Scb.ema-tic diagrams 

Cost Estimate 
Bid Evaluation 
Reviewed Shop drawings 

Support Services Output 

Contract Preparation Phase Services 

Contract Documents 
Engineer's Estimate 
Letter of Recommendation for award 

Construction Phase Services -
Report of status of equipment contract submittals 

.. 

• 

.. 



Task Number: 34 

Task: Contract Document E-14 Pipe-Type 
Cables - Furnish and Install 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Initiate work 

Civil Engineering Subtasks 

Coordinate, assist and review all interface work between 
civil and electrical disciplines. Provide civil "base" 
drawing from C-6 contract to electricals for E-14 
contract drawing. 

Electrical Engineering Subtasks 

Prepare design memorandum 
Prepare specification and bid form 
Prepare cost estimate (see attached) 
Assist in bidding 
Prepare bid evaluation 
Assist in contract award 
Review shop drawings 
Provide shop inspection 

Support Services Subtasks 

Contract Preparation Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's 
drafts: review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification 
document issue and follow-up, receipt and recording 
of bids, edit technical evaluation of bids by design 
departments, corrunercial evaluation of bids 

• 

• 

.. 



Task Number: 34 
SUB TASKS 
Page 2 

Prepare letter of recommendation for award, contract/ 
purchase order negotiation 

Construction Phase Services 

Note: 

Expedite submittals of manufacturer's drawings, 
catalog cuts, instructions 

Expedite design department's review and approval of 
manufacturers• submittals 

Prepare regular status report of all equipment con
tract submittals · 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

• "' 
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Task Numbe:c: 34 

Task: Contract Document E-14 Pipe-Type 
Cables - Furnish and Install 

Management Output 
Contract Document E-16 
Contract Award 

Civil Engineering Output 

Review comments 

Electrical Engineering Output 

OUTPUT 

Design memorandum 
Specification and bid form 
Cost estimate 
Bid evaluation 

Support Services Output 

Reviewed shop drawings 
Inspection reports 
0/M Manuals 

Contr~ct Preparation Phase Services 

Contract Documents 
Engineer's estimate 
Letter 'of recommendation for award 

Construction Phase Services 

Report of status of equipment contract submittals 

• 

' . ' ' I ' • 
• - • • • 0-1 '· - . • 

l . • . , ". ' . 



Task Number: 35 

Task: Contract Document E-15 
Switchyard Structures - Busses & Ace. 

SUB TASKS 

Management Subtasks 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Initiate work 

Civil Engineering Subtasks 

Coordinate 1 assist and review all interface work between 
civil and electrical disciplines. Prepare base drawing 
to Electricals 

Electrical Engineering Subtasks 

Prepare design memorandum 
Prepare Specif:i.cation and bid form 
Prepare cost estimate (see attached) 
Assist in bidding 
Prepare Bid evaluation 
Assist in contract award 
Review shop drawings 
Conduct shop inspection 

Support Services Subtasks 

Contract Pr~paration Phase Services 

Revise standard conditions to fit specific contract 

Prepare contract documents from design department's 
drafts: review copies, final reproduction 

Review and process engineer's estimate 

Assist with bidding and award: Prequalification 
document issue and follow-up, receipt and recording 
of bids, edit technical evaluation of bids by C'esign 
departments, commercial evaluation of bids 

• 

• 

.. • 



Task Number: 35 
SUB TASKS 
Page 2 

Prepare letter of recommendation for award, contract/ 
purchase order negotiation 

Construction Phase Services 

Note: 

Expedite submittals of manufacturer's drawings, 
catalog cuts, instructions 

Expedite design department • s review and approval o.f 
manifacturers' submittals 

Prepare regular status report of all equipment con
tract submittals 

Mana.gement and Support Services Subtasks budgets are 
included with Task Number l Management and Task Number 
2 Support Services. 

• 

,. 
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' ·~ Task Number: 35 

Task: Contract Document E-15 
Switchyard Structures - Busses & Ace. 

OUTPUT 

Management Subtasks 

Issue and control manpower budgets and schedule for Task 
and subtasks 

Initiate work 

Civil Engineering Output 

Review comments 

Electrical Engineering Output 

Design memorandum, Switchyard 
Specification and bid form 
Cost estimate 
Bid evaluation 

Support Services Output 

Contract PreEaraticn Phase Services 

Contract. Documents 
Engineer's estimate 

Reviewed shop drawings 
Inspection reports 

Letter o£ recommendation for award 

Construction P~ase Services 

Re~ort of statu~ of equipment contract submittals 

• .. 

.. 



14 Task Number: 36 

Task: Horne Office Specialists Support 
to Field During Construction 

SUB TASKS 

Management Subtasks 

Intiate, central and coordinate horne office specialist 
support to field with Construction Manager and JV 
Resident Field personnel 

Civil Engin~ering Subtasks 

Assist and advise field personnel on civil/structural 
matters 

Geotechnical Engineering and Geology Subtasks 

Horne Office Specialists Support to Field During Construc
tion. 

Confirm design concepts as excavation, foundation 
treatment, and fill work proceeds by reviewing field 
reports, corre~pondence and field trips 

Drilling and grouting results review 
Embankment quality control test results review 
Observation of instrumentation results 

Revise and update construction inspection procedures as 
required 

Review and Evaluate the results of geologic mappl.Pg of 
excavations, tunnels, shafts, galleries and chambers 

Develop a monitoring plan for reservoir filling 

Provide assistance in field and advice to field staff 
during construction 

Mechanical Engineering Subtasks 

Confirm that general construction contractor supplied 
equipment conforms with specification 

Respond to manufacturers inquires 
Intra office coordination 

. .. 

• 

.. 



Task Number: 36 
SUB TASKS 
Page 2 

Support Services Subtasks 

Note: 

Concrete mix design review and quality control 

Constructability review and estimating concerned with field 
initiated design revisions 

Input to check-out and start-up of generating units and 
station systems 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services~ 

. .. 



Task Number: 36 

Task: Home Office Specialists Support 
to Field During Construction 

OUTPUT 

Management Outputs 

Expediting response to field support requests 

Civil Engineering Output 

Trip memos, reports and sketches 

Geotechnical Engineering and Geology Output 

Trip memos, reports, sketches and construction evaluation 
reports as required 

Mechanical Engineering Output 

. 

General correspondence, special instructions, miscellaneous 
memos/studies/sketches advising field as associated with 
mechanical equipment and systems 

Support Services Output 

Studies and reports 

• 

• 

.. " 



Task Number: 37 

Task: Engineers Field Support 

During construction, the Joint Venture will post to the Project 
Site a staff of experienced Support Services engineers who will 
assure i on-site, that our constr·uction-related design responsi
bilities to APA are met. Members of this staff will be inti
mately familiar with project designs, having participatdd in 
their development and their definition in the drawings and spe
cifications. They will be competent to deal with most questions 
wi th•.)ut reference to the Joint Venture Control or Produc·tion 
offices, but will keep these offices informed through regular 
reports. 

Staffing 

The Joint Venture proposal is cased on st.affing the Field Sup
port Services function with the following positions: 

Resident Engineer 
Engineering Geologist 
Soils Engineer 
Construction/Civil Engineer 
Mechanical Engineer - Gates 
Mechanical Engineer - Power Plant 
Electrical Engineer 
Draftsmen 

The proposed service schedule for the Field Support Services 
staff is shown in the Cost Propnsal. 

SUBTASKS 

Responsibilities of Field Supper~ SeLvices Engineers are 
described in the following Sub-tasks: 

Geotechnical review of actual field conditions as 
they are exposed, assessment of their L~pact on 
designs, and modifications to design; drawings and 
specifications if necessary. 

Interpretations of the drawings and specifications 
for the Construction Manager and the contractors. 

• 

J 
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Task Number: 37 
SUB TASKS 
Page 2 

Note:: 

- Quality assurance monitoring of all construction 
operations, and inspections thereof, to assess 
adherence to the Engineer's quality control 
memoranda. 

- Documentation of all project construction activities 
and events that impact on the execu·J:ion of the 
design 

- Regular reporting to the Joint Ventu~:-e project 
control and design production offices· of the 
progress of construction and important matters 
related to the design. 

Assistance to the project control and design 
production offices with information collection, 
studies, designs and sketches necessary to the 
solution of problems arising during conr;truction .. 

.... Assist in developing the Joint Venture's input to 
the assessment and resolution of contrac1.:or • s 
claims. 

Management and Support Services Subtasks budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 

.. • 



Task Number: 37 

Task: Engineers Field Support 

OUTPUT 

Output: 

Diaries of each staff member 
Weekly rer rts of construction activities and 
significa1:-.t design-related events and activities 
Reports of drawings and specifications interpretations 
to the Construction Manager 
Reports of drawing or specification changes to.the 
Construction Manager 
Special reports or memoranda to project control and 
design production offices concerning necessary studies 
and design, drawings and specification changes, or 
cla~~s assessment and resolution. 

• * 
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Task Number: 38 

Task: Management of Design Subcontracts 
Access Road 
Railroad Extension 
Airfield 
Sewage Treatment and Water Treatment Systems 
Camp Facilities 
Reservoir Clearing 

SUBTASKS 

Management Subtasks (F.A. Moolin & Associates) 

Design Subcontracts ·- For each design subcontracts 
Prepare RFQ and aft~=r APA approval send .J:.o local 

Alaskan consultants (optional) 
Receive, evaluate qualifications, and p:cesent list of 

qualified consultants to APA for acceptance (option
al) 

Prepare draft terms of contra·, t to include in RFP for 
APA review and approval 

Prepare draft scope of work including technical 
criteria for RFP for APA review and approval 

Incorporate APA review comments a~1d issue RFP to 
qualified Alaskan consultants 

Receive and evaluate proposals in accordance with APA 
evaluation procedure. 

Negotiations leading to award of contract 

Control and coordinate design subcontractors 
Monitor subcontractor progress with respect to budgets and 

schedules 
Schedule and coordinate technical reviews and V-E reviews 
Schedule and coordinate Construction Manager review 
Prepare Monthly Progress Report and submit to JV Project 

Manager 
Participate with JV Project Management in mee'tings with 

APA; APA's External Review Panel, Alaskan Highway Dept., 
Alaskan R.R.; environmental agencies, etc. 

Participate in identification of project lands, 
acquisition of land use rights and rights of entry 

.. .. 

• 
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Task Number: 38 
SUBTASKB 
Page 2 

Civil Engineering Subtasks 

Assist mc:tnagement· in evaluation of qualifications and 
· · · · · . estabJ:ishment · of Scope of Work for each subcontract. 

' . . .. 
:Ass:l.~t F.A~ Moolin & Associates.in review of Design and 

· · -: Su-bcon·t :cactor preparea Contract DocUt-nents 

Geotechnical & Geological Engineering Subtasks 
. . 

Assist ma:nagernent in evaluation of qualifications and 
.· ~st:abli t:>hment of ·Scope of Work for each subcontract., 

Assist F.ln .• Moolin & Associates in review of Design and 
SqbqontJ~actor prepared Contract DocUt-nents 

Environmental 8ciences Subtasks 
... ··- , .. 

Assist management. in evaluation of qualifications and 
es.tablishm·ent ·of Scope~ of Work ·for each subcontract. 

Assist F .. A., Moolin & Associates in review of Design and 
Subcontri:lctor prepared Contract Documents 

Mechanical Engineering Subtasks 

Assist man(figement in evaluation of qualifications and 
establislllment.;of ·scope of_Work for each subcontract. 

Assist F.A. Moolin & Associates in review of Design and 
Suocontra !Ctor prepared Contract Documents 

Electrical Engineering Subtasks .. 
Assist manaqrement in evaluation of qualifications and 

· establishn::ent ·of Scope· of Work for each subcontract. 

Participate in Review of Design and Subcontractor prepared 
Co-ntr.act I:·ocuments 

. " 



Task Number: 38 
SUB TASKS 
Page 3 f:·.JlF, : -~ft ;~; -----s .. , "' : \"" 

Support Services ·. J -·:- -· r!' 

Sub·tasks 

Note: 

Assist management: in ev.alu&~ion ~of qJJali£ications_ and 
• • • ... • ... « ..... " • t. -(;:~ 

establ1.shment of Scope of Work ·for. each subcontract. 
.... - ... «•. -.!l ~-

Review of construc.ti.bil,i ty-:and ~ubpop..;tractor p~epa_red 
Engineers Estimattas . ·H·~· ., ... c(.':;;; ••• ~ 1 -.. ._, _ .... .:~1.~ 
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Management and SuFport Services· Subtas'ks ·'"budgets are 
included with Task Number 1 Management and Task Number 
2 Support Services. 



Task Number: 38 
. ,.f ' •• \.,t ..... '', j: f"' :. t .. . •. 

Task: Design ··subcontrac·ts through Award 
Access Road 
Railroad~: Extension 
Airfield~- :, <' · · .· . ·1. _, • •. . . • • •. 

Seviage·Treatment and Water Treatment systems" 
Camp 1?acili~i·es 
Reservoir Clearing 

.. 
Management Output . . . 

. ; ~-! . 

OUTPUT 

\ . ····"·t:: .•. "· ~- ~ ~ ,: ·.: "i 
A minimum of· 6RFQ 'Documents ... (optional) 
A minimum of 6 RFP d.oct1ments: · ,.:, 
A minimum of ··G·.,recomntendat.ions of award of 
Award~ a minimum of six design subcontracts 

' . 

:;_.., ~ 

contract 

. • •"3 ! ~ .. . • . "{ ' . 

Monthly Pr6gress Reports on Non-Technical Facilities Design 
Subcontracts " . :. r.', ··: ·· :-: ·· . .... .• . . . 

Reports bn·decisiohs taken in meeting~ with Pbw~:t Authority 
and Alaskan agenc;ies ,:· · :' . . · : .. · ·' .. ·· ... 

Coordinated: and appre>ved· Contract Documents .. for 
construction of Non-Tec;:hnical features·of Watana project 

• .. 
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